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R HRAKE, REE', kB ReH ) g4
(1. PEE KR RRE S T RSB, 1M 221008 ; 2. HARICETHLG S Hil 412 5 S S s
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FE LI T A SR B AS ERAN ( C,, CluA-Na) NREAR, 3-8 N 3 = W A LRk (APS) %
BhEER A, AT A FLARE AMS-8-NH, , JE-454 XRD 2347 . N, W BRI R Ko 2 Sii BE fa e s i g 3t
P% (MAS NMR) Z35 AR F- B gk ALIA B AMS-8-NH, 4T TR AF. 455K | AMS-8-NH, &1 A F 14
KALIAARE, HALR ML ZRTAS 9K 3.2 nm F1 706 m®/g; A4 HLIHe I 18 oAb 2 4 7 a7 b RN 2T, 3%
LA R TR RIS B 25% . LI AMS-8-NH, A4, SEA%TFIR (ODN) MBI Y o F I RAEANF 54 T
AMS-8-NH, X} ODN By B AR rEfE , SEnsb R W], 5 ODN MR —@ i, WHKAY pH {H8{%, X ODN )
W RO, pH =4. 7 WX ODN AR A 2B T3k 214 mg/g; TERSRGEFET, BB ODN B 8 i S k¢
fE71, BEIREE pH (BN, BRI,

iR A FUHE AMS-8-NH, ; ERTFER; WM, Bl

hESES  0611; 0647 XEERIRES A XERS  0251-0790(2010) 04-0649-04

1992 4F-, Mobil 23 EIF5E A 5% DL BHES 2 I 36 P A B0, Ik iR & e A ek IR B 5 i T A 7
AFLo T E AR M41S ") BT AR 5 22 BT 8 25 RS [ S5 A RS AE A A FL o F i AL L Bt
Pinnavaia *) Fll Zhao > 4351 LA H P A i ok I 85 750 2 v 6 R R0 . i BE R 1R A0 SR v T )
(PEO-PPO-PEO) MAH G T HMS, MSU F1 SBA RAINFLAEL. Che'®7) 25 LI B 24 0 2 10 1 1
FIVE AN I 5] A BIA5#9 5 W58 CSDA ( Co-structure directing agent) MM, il & th AR5 H4 19 —
EAHE RS FLAEE AMS ((Anionic surfactant templated mesoporous silica). H 2001 4, Vallet-Regiig] e
WAL R B PR 55 30 R B2 BUR LK, AT RIS FIR P A fLor e 25 8idk, B
FIEA R AN FLARRE G MCM =" | SBAM'') | MSHS-"*/ F1 MSUM ! FE 25943 i iy J7 ThI Ak 7 JHARGE . i
FIH AMS A fLBPEME R 25 BRI i AR/, HAPEZERE 8 iF 5 /. ODN & —Z5 (A A% 20
ANTEIE X 1) e A Ml SR A BE AL R, Rt 2 W T DNA SR e A Y 2 i 4, RIRGER S, HERTE
2 nm 47, SRS IEIRIT NGBS RIS SR . AR SORS 56 A S I 3 5 & R4 ( €, GluA-Na) B8
FRITEPERVVE BRG], 3-2 P 5 = F AR AR ( APS) VA B 2548 5 171500 5 1L 1 FLAF K AMS-8,,
2 A LB 75 BAT 90K FLES I AMS-8-NH, , i Bl XRD | N, W B/ BE Rk B2 Si JBE £ Jie e #% g e P
(MAS NMR) Xf Hipb 47 R AiE. #E— LA AMS-8-NH, A # A, ODN NH RIS+, #F5% T AMS-8-NH, X
ODN FA K BERERICE B, 3 TR EEAT pH {EX) ODN [ 5 5 AR HIC i 1) 52 i FL A

1 SEIGE Y

1.1 RXF 5|

354 Nk = WAL RE e (APS, HAR TCI A F]), IERERR LW (TEOS, [H 254 M2k A Al ),
Cy,GluA-Na [ FRIETE MR AL I =5 0L, Tk & B & B e (1 24 48 A Ak 22 30 2 A )
Oligodeoxylneucleotide ( ODN filE ek, E[E Sigma 23 F] ).
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pHS-3C B pH i1 ( LA ERI2EAUER AT, AB-S BUHL F R (_ LR - TR £ 0 7)) |, etk
A4 (I E Milli-Q Academic A H] ), 5810R AYE.00HL (78[E Eppendorf A F] ) , THZ-22 & X fa B IR
WOOHROEEBELET ), E-60 K UV-Vis( FE[F Thermo A H)). HA Rigaku X FFERATHHN (X-ray dif-
fractometer D/MAX-2200/PC) , FIf Cu Ko H1£k (40 kV, 20 mA), L 1.0°/min AR, FHTEH
520 =1° ~6°, iCFEHRIFAERE; 35 E Micrometritics 23 7 () ASAP2010 & N, W[l 245, T 77 K
TIRE N, R/ MR AR 2R R AR Brunauer-Emmett-Teller ( BET) 232015, FLARFIFL 28 i
Barrett-Joyner-Halenda( BJH) 2233148 ; 26 E Varian 23 & Infinity plus 400 &R w5 L PRIEAL, FH 7.5
mm B AERS) , SRR K 79. 4 MHz, %388 4 KHz, FKHIER K 3 s.
1.2 XIEIE
1.2.1 AMS-8-NH, & & FHL0.379 g C,,CluA-Na AT 38 g B4tk 80 °C T gkl > i,
FIA 3.4 g1 mol/L 1 HCl ZJ5, ¥4 0.716 g i) APS F13.12 g i TEOS M AR R, AR H @I,
PR, BHA R R 2 80 CHIKIB BRI, FLZsug, /i R4tk | JoK CBEpE L3R 1 5% B 1)
R R TEPER, A 80 CHHIEMUA it T, FHIOK Ll L BEMeE R A BGR R ICIR B, 153 H s
7] AMS-8-NH, .
1.2.2  AMS-8-NH, # ODN #9 % ff 5236 43 5FREL 5 mg ) AMS-8-NH, JITAZKE K 1 mg/mL, AN[F]
pH {EH(4.7,7.0, 9.5)8 pH =4.7, #J¥F } 0.125, 0.25, 0.5 F1 1.0 mg/mL Y ODN W2 h 2% ik
(PBS) H'. ODN 5 AMS-8-NH, Wy by 1:2. EilE TR G E THEIKLL 150 v/min B ETRY. 75
R A ST 1] S04 SN A R B0, B — S AR b 3 I 2 RO B | ODN I B 3t ( mg/g) = [ WIVRBEE (mg/
mL) - FVEWEE (mg/mL) | x AR (mL) /AMS-8-NH, Jiift (g) |-
1.2.3 AMS-8-NH, *f ODN B # £ % FREL 4 mg 1 AMS-8-NH, MIAE] ODN ¥ JEZ 4 1 mg/mL A9 0. 1
mol/L i) pH =4. 7 (1) PBS ZZ M P, Wb 72 h. i) Br iAW 7000 r/min B5.0> 5 min, Z5B% Bk
W A VEDTTE LBRAR MY ODN. 4 5IIA 1.5 mL, A pH {E (4.7, 7.0, 9.5) () PBS Fl
A, TAEIRAE R 455 (150 +/min) , FHNEEETE 37 °C. 7EA[R] B I E] RO M B 438 EIR T,
A BIBEIR 7, BECR 2N 0 2 168 h 22 [A] 4% i} ] st i) EFUBSTC .

2 ZR5itE

2.1 AMS-8 BIRIE

B 1 7R T 2R ZSB0GR) 2 05 BT A 21 9 K FLIR A B R XRD 753 . BEE AR 26 4351
TE 1. 44°F01 1. 64° T IRAT I ) P 7E 1. 64 S s BE AR A5, [WIINF 26 7E 2. 6° kb i Bl — N HTE RE )
AT, 454 SOk 14 14550, BrilERa A R B =4R8I0 NG5 1 AMS-8-NH, BIAFL4> 10, i
HEHABREWEEE .
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Fig.1 Powder X-ray diffraction patterns of Fig. 2  Nitrogen adsorption-desorption isotherms and
AMS-8-NH, pore size distribution of AMS-8-NH, (inset)

K2 Z5H T AMS-8-NH, F N, Wt/ e BE A5t i 2. 200 B 25 i 2 52 B SRS A IV R ol 17 i
BB i e FBL i — R =SBt e 20, HAE M &b G B BRI H2 L), SdIIADRLRA %8
WIESEMRA A LA 73 A, D455 XRD MSCHTSS B, T DU R i A FLAS AR 2 h IR £L



No. 4 FRALAEE . AMS-8-NH#9 & R & L3+ ODN # fi A 651

VEE R = 2E Sy R gy, a1 AS HH Brunauer-Emmett-Teller ( BET) L 2 10 FRh 706 m*/g. H3PE Bar-
rett-Joyner-Halenda ( BJH ) B85 T MR FLAR 40 A ( WLIET 2 3 1&T) , BD#F kL AMS-8-NH, L1544
3.2 nm.

T ARSI B A B IR BRI it — D RAE (WIE 3) , A illfES = 93, —101 Al - 114
A B 3 AN B W, AT 4SS Q" FFEAEALES Si(0Si), (OH), ,, n=2 ~4; Q' 6= - 114,
QO TES= 101, Q* 1E8= -93; [WREIE 6 = =75 ~ —55 JEEPEA B A 3 AU, MRSk 15 145 N
T"=[RSi(0Si), (OH), ], m=1~3; T°7£ 6 =
-75, " 6= —-60 fl T" £ 6 = -55, XML A
YT b LA P25 1 O s e e LR T . X i
LR, IFHIE AR a=1"/(T" + Q") (H
o TR AMS-8 K15 A AL E RSy, Q"R . - T— L
SR ORELLSY ) BEATHE, S5 &I, A H Y O e Tl e e
P RE R 1H B DB, HABMRE o &3k 25% . Fig.3 ?Si MAS NMR spectrum of AMS-8-NH,
2.2 AMS-8 X ODN H i Bff

D7 T ODN M EE A 1. 0 mg/mL B ZEAS [RIFR B A5 14 T WL BFF P o, 45 SR W, pH =9. 5 B fff
={UA 89 mg/g, 72 h KB A, pH FRAKE] 7. 0 IR =T+ 5 5] 164 me/g, pH =4. 7 WKl £ 4018
JnE 214 mg/g, HIEAHALE 96 h K F-Af. ODN SEHL S AE3 ~4 Z (0], 7EEPER pH 25F T, ODN .
HiPE. AMS-8-NH, RIMH 5 E ML EEL, A VLIS S TE 11 B, T ROZ A HLIE A A P 2 3
pH E I, pH EAET 11 B, L7535 A e i IE B, W pH (ERIG, S E ki
S, BRI B IE HL AT S WP 67U HL B ODN W | s, B pH =4. 7 IR A K.

& 4 W78 TAE pH =4.7, ODN f¥ 43514 0. 125, 0.25, 0.50 F1 1. 00 mg/mL i} AMS-8-NH, %}
ODN (W FHAT R, 25598, ODN #IHEVREE A 0. 125 mg/mL i, WEFFHE K 155 me/g, 72 h KA A H|0K%
BRSP4 ; ODN #eEEREfiNE 0. 25 mg/mL B, BRF#REIA &AW WAL, 2996 h A5 F-fir; AkLEid ik
FEF]0.5 F1 1.0 mg/mL I}, #RFFEE 120 h Zo 45 A GEIR BN FA, iy (% W B £ 4331 o 189 1 209 mg/g.
UL R LA MR BE 8 Ry, AMS-8-NH,, XF ODN 114 W B 3k 3] P (1% B () 4, L 339 A 2 48 30k 8] W o7 1)
k.
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Fig.4 Loading of ODN on AMS-8-NH, at pH =4.7 Fig.5 Release of ODN from AMS-8-NH, at various

pH PBS buffer and ultrapure water at 37 °C
e pH=4.7; mpH="7.0; A pH=9.5; x ultrapure water. Sam-

with various concentrations
o1 mg/mL; ¢ 0.5 mg/mL; A 0.25 mg/mL;
x 0. 125 mg/mL.

2.3 AMS-8 3 ODN HIFEHY

& 5 R T LIARTE pH {ERY PBS FI4li K VEGEIR B ODN/AMS-8-NH, H ODN AURBEME . 45 5%
B, XFF pH =9.5 A7 105, WIGREBGEREERAR K, LLJS 4 st [] 905 R R ok B S8 s/ IS, 7E8549) 6 h,
TH MR 3H) 63 F131 me/g, M4EFRIM 6 h F] 72 h B} HBERE AN N 22 F119 me/g. 4 pH =
4.7 W, HOBHHE FE AR /N, 2803 72 h AUA 21 mg/g ODN #B. A SiMAS NMR # ¥ ml %44 Kt
AMS-8-NH, F g K 23 E 55, thTA VLIS 0K i Ve R 3 800 k2 1 fa M 2 9 W pH (B 1952
M. ZEIEIED Ao 1L, YU IR pH (BT, 23R 1Y I FL A 2 B R %, X ODN 43+ iy 5

ples were loaded at pH =4. 7 with (200 +5) mg/g loading capacity.
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TS, PR TR R, A T ISR S X ODN B RER R MR, FH AR PBS 1A TE
R HEA TR S S, R 72 h 5 ODN MBS AUH 15 mg/g. BT PBS 22 vP il rhs e Wk B i B 2
(W H,PO, , HPO;™ %) SEHLES| JIVEMS ODN 23 F3e 4, 22 17 B8 sl B A3 fil o o1k i S S fET
MR T —&B4 ODN 43+, {2iF T ODN ByREIL.

LB ZGR K P F IR F IR KA AMS-8 &y @4 T T #H 8, 45808
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Synthesis of AMS-8-NH, and Its Loading-release of Oligodeoxyneucleotide

CHEN Min-Min', ZOU Yong-Cun’, MENG Yun-Jun', ZHANG Qi', ZHANG Zhuo-Qi*, CAO Xi-Chuan'"
(1. School of Materials Science and Engineering, China University of Mining and Technology, Xuzhou 221008, China;
2. State Key Laboratory of Inorganic Synthesis & Preparative Chemistry, Jilin University, Changchun 130012, China;
3. Department of Cardiology, the Affiliated Hospital of Xuzhou Medical College, Xuzhou 221002, China)

Abstract Mesoporous silicas of AMS-8-NH, have been synthesized with the anionic surfactant N-myristoyl-L-
glutamic acid sodium ( C,, GluA-Na) and 3-amino propyltrimethoxy silane ( APS) as co-structure-directing
agents( CSDA ). The materials were characterized by powder X-ray diffraction( XRD) , N, adsorption/desorp-
tion analysis and **Si magic angle spinning nuclear magnetic resonance( MAS NMR). The results exhibit that
the structure of AMS-8-NH, has a long range order of three-dimensional cage-like connecting aperture with
about 3.2 nm pore diameter and 706 m’/g special surface area respectively nano-hole material. Organic amine
groups have anchored chemically to the surface of material through chemical bonding, whose coverage has
reached 25% . The resulting AMS-8-NH, materials were used as vehicles and herring sperm oligodeoxyneucle-
otide(ODN) as a model biological molecule for discussing the loading and release character of ODN on AMS-
8-NH,. The loading experiment shows that when the solution concentration is fixed, the higher solution acid-
ity, the higher loading capability and the maximum amount can reach 214 mg/g at pH =4.7. Among the re-
lease process, high sustained release effect of ODN on materials is displayed, which is controlled by environ-
mental pH value. The greater the pH value, the higher the release amount.

Keywords Mesoporous silicas of AMS-8-NH, ; Oligodeoxyneucleotide(ODN) ; Adsorption; Release
(Ed. : F, G)



