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T AR AR R AL 2R . FEREER 3R 5L ( DMEM) 14T 3€ [E Hyclone 23 H] 5 4+ L7 ( FBS) W F4T
MUZEH AT ; CCK-8 i g T v [5 BBI 28wl JREE , XL (758 RN, BERE R ) FBERER 22 vh Il
(PBS) ¥y 136 Gibeo 24 H].

D/MAX-IIIA 2550 % X HFEATHH (XRD, H A Rigaku A7), Cu Ko, A=0. 15418 nm, 5 HLJE 40
kV, EHU 30 mA; JSM-7401F BU44 o+ B (SEM, HAS JEOL A ), i HL % 30. 0 kV; JSM-
6700F BU4TH L B 545 (SEM, HAS JEOL A d]) , i Hs 5.0 kV; XL30 B4 1 7 BE (SEM,
fAf 2% Philips 2AF]) , FEALE 10. 0 kV; X FLFOLRETHX (EDS, HA Hitachi A ]) ; COULTER EPICS
X HR A4 ( € [E Beckman Coulter 23] ) ; Varioskan Flash B##51% ( 2 [E Thermo /A F]) ; HERAcell
150i #4 CO, 57746 (£ [H Thermo A H]).

1.2 VPI-7 B9#l&

ZWOCHR15], RAKGE G L VPL-7, SEEUA 3 I EE IR ALK n(Na,0) @ n(Zn0) : n(Si0,) :
n(H,0)=0.65:0.2: 1: 44, LELRUE A0 0T BE IR LEANAS AR 00 T TR AR IS AR £, 43 Sl BRI 0. 495,
0.990, 1.485 Fl2.475 g /KA MHIREET A AL B/KIER T, BHIHAIN K&, FEFE G, K
BCHEANA I ARSERHE 2 h. BEERE I 5 BT IR 53 ) e AR AH I 25 1 s A SR DU 38 £ 0 N RO AN
BN, Frfk 24 h 5, & 220 CHERH, 78 A AR D N EREE A 7 4 e AK R
R PRIEE T 60 CHAR T, EIFS3] VPI-7 ASHLI B F-

1.3 VPI-7 WAMHEB R

1.3.1 ARHE R BORE BRI L VPL-7 43 7 R AE PBS Hh LA oRn o & A R e, Bifi ) AUk
PBS | ZEIR/K R 27K H A T R 15 min. VRS IOFE S 48 TR Z8AOKT, BT 5 e IR 2L s s (i .
1.3.2 @i (BRI oh e i AR UG St B8R 75 5 T 408 (-BMSCs ) ', JF7E 58 &85 320 (&
1% (RFRG80) BT, 10% (RBRE0 Ba4- 13 ) hisse. & 2 d 39—k, 3 d &R, % 3-~5
AN T )5 2L 20 i 5255

¥ VPI-7 BEAE T 24 LA FEAF , 400 1x10* Cell/FLAY IR EE SR TEREA . B3R MAE 1S 3746
T 48 h J5 ] PBS B UEFEA, RIS AR I P [ 4 b, HIBBREIAE K, TR e R mmi 4, 78
HL - R fCBE T RS I I A - .

1.3.3 B|EBEES FHEVEKEE M VPLIT FEARR AR R T, BERA 37 CiRAET, &R
3 AR R BRI AGE 35 IR 5L, BRI A 1% (IRFRS3850) B XBTFT 10% (R340 iR
A IV LS8 A R SR T R R A I, O 5 155 1 58 A R SR T X LE AL

1.3.4 A& BAIEN 3 A, LL1x10° Cell/FLEY RS RIS 96 FLART, W5 24 h ), 20 %)
e FHRIRETRI . VPI-T IR 5% — W 3N ( DMSO) BE5 72, 4k2207 8 48 h 5, A:fLI% 100:
10 HBIASE SR CCK-8 IR AR G, & TH MG FRAREOLIE T 3 h, @R ITE 450 nm K H
HIICRE (OD) WA BFEEPE AT IS, b B SRV IE R X IR, & 5% DMSO HY K5 TR N BHPEXT R
1.3.5 s sa s fF VPL-7 WA BT 24 FLARD, JFiRST 2 41 24 FLANMIG FRARAE S XTI, D) 210
cell/mL AW BER AN MU BENLIEFIAE 3 4H 24 FLAR L. VPLI-7 3 H 41 ( VPI-7) | B3Rt 1E # 85 3R s 3R 41
(TCPS) K35 It M BHR AR MR I TR 4L (V-TCPS) , FRLHI 4 DI FL. AiMIEFR 1, 4, 7 d i, AL
#2100 10 LGN ABE IR AT CCK-8 iKMW AR, & T UM FR40 805 F 3 h J5 R B bR R 450
nm WA T RDOEE L, i at OD {EX 4 MU3G 58 1% 0 4 78 15317

1.4 VPL-7 £ EBBRATRBE KN

FBSCR[ 17,18 ] A BCHIBUAR (SBF) |, H—E 1Y VPI-7 WS OBy A A SBF Hr, T 37 C
TR, AR 24 h E R — BRI, 72 h R 2R R, DI B A K R B | RIS
F 60 C T2, s =Y T BB X HZIOCREIE (EDS) #E1TRAE.

1.5 VPI-7 EB A EHBREM 48

BHEVRE B VPI-7 R R AR MIEH, 24 h JFEUE, H PBS Wik, WEEEE BFEA LA PBS &

P TR R B , ARE 24 h ] BCA A& ks, RIRFHEE AR 405 nm R AG5 B
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R ALY R S, 0 S O 23 I Y7 R I 3 A, A RE 40 A% R I AR P B, AR R R
(w, %) : w=[(¢,—c,) /¢, ]x100%, XH, ¢,(mg - L") MIMIE IR P EAKRE, ¢,(mg - L) HHHE
.
1.6 Zitsar

SLIOFEAH n=4, R GraphPad Prism 6.0 FAFHEATIER , Giit2#8T, S8EMHE FH Mean+SD
7N, P<0.05 FnER BG5S

2 H#R5iTiE

2.1 VPI-7 IRAE

YER BT RL, TR BRI AR K/ IN AT DL 38 028 S 560 25 A 0T AR . SRyt 3 3k 45 1 V5 M vh
ZnO WA T EAR AT AR R F, AN 1(A) SR AR ) VPI-7 iREE B B, Hog A%
M8 mm | 23 mm AGE, A IR FH B A 7K B BRI AR B [ RS A3 58 3020, % S R R AR
VPI-7 2008, 18 1(B) 7 T S ¥R XRD 5 & F VPL-7 RRRE I, — 52 ama ™, RWEa
B4 VPL-7 4iif. 18 1(C) F(D) AR RRASE 2T VPL-7 B SEM & f5, AT WL, VPI-7 430t 5%
AR AR R B ERIE i — 25 B SC . 76 B A ml LUE 200K Al R 22 T8 ok G /INFLBRE, i fl ek
ZIAE BT R AFLBR. A Z ] i /N FL IR T DU R S /N o 2590, TR 2Z 18] R ALBR R 3 2 ik
B EREAEY R T Y T 4544 3L hi.

Fig.1 Photograph of the VPI-7 discs with different sizes( A) , XRD powder patterns of VPI-7(B) and
SEM images of VPI-7 at different magnifications(C, D)

(B) a. Experimental; b. simulated.

2.2 VPI-7 RERAMFEHMEES
K2 7n T VPL-7 BEARME A KAMMBEAIES, MR EHEE T E 2(A) ] AT LILELE] r-BMSCs %

Fig.2 SEM images of r-BMSCs cultured on VPI-7 sample for 2 d
(A) 250x; (B) 1000x. Red arrow: filopodia.
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Fig.3 Cytotoxicity test of VPI-7 Fig.4 Cell proliferation of different groups
# P<0.05; NS: not significant. # Indicates statistical significance P<0. 05 vs. VPI-7.

# Indicates statistical significance P<0. 05 vs. TCPS.

2.4 VPI-7 HIEMBEEHE

Kl 4 53 VPI-7 | F5 5 (TCPS ) FIZ SRR AL (V-TCPS ) 3 HANMIAYIEFEST K. il 4 al L, 3 4
0 B SL BERS A SEA R TS 5E , TCPS I V-TCPS ZH 4G FHAE 4 d JE B Wtk AT & 0. i S 4 7E
4,7 d RAECE YA THE WA, UHE 4 d B, BRI AR e s T HE MY, HERAS
HEE . X R VPL-7 R 0CA A T A0 5. M40 B R e VPL-7 AR B AN — IR T
HeWdl, & VPL-7 B 5L STARTE S5 #5175 3R 0 25 5 38 WUy, (R VPL-7 FEA 40— BT R4
MR RDIRAS , 76 7 d I 4N RECE B 4 an Joe gL, 45 AP RS SR AL 4N g i e, A 4 i vl LAAE
VPI-7 RIEHEGE, VPI-7 A RAF AR As . FA DB 1 Bt , R mi A ) & B3R5 rh i) B 4
RN RE AR LR T 35 5 . A1, e AEA A Y R Y U A 2V i BE. 58 T 40 i mT DA
VPI-7 MRER IR , XA RT3 B i .
25 VPITHMEBZREAR

L7 VR B PR BE R (0. 2134£0. 005) mg/mL, W B I3 26 1V 24 (0. 1789+0. 008) mg/mL,

AR AN (16. 17+0.25) %. K5 Jg VPI-7 o200
MR Ze, METTL, AN 1 RIS 2 o |
EHITE, AR 4 KRBT VR, /67 d B - 010F
g, VPLT AU R . K TR S o]
TEEEN L A RIAE, BRI MR Z KL £ 2 oors |
TR, B TRECK, VPLT WL & bos0

IERE W] VPL-T 1] LA A K F R, T E E
AREFNBEIESER, RERFERKREFE, &
KRS TR A E M. VPL-7 45 858 2 £ 285 s LAy
TR E A B E MR A 2K, IF7E B B DX e 2
GERE, PRUEERE T AN BB oAk, T AR R SR AR
2.6 VPI-7T IREEEBEKATR

2532 72 h 1) SBF R SE, WA R AT BE A TS AL, B 6(A) FI(B) & VPI-7 i K 7EA
[FRCRAS AT 1) SEM iR, He i ol UE 21 B B 28 5B A DT, X SR DL RISk I 25 SR ik —
AR SR T S A S B S DURR [ B 6(C) ], RIS VPL-7 43 ¥ 2 18 RE 0% (e #E 28 B 0 KA

Time/d

Fig.5 Release of protein from VPI-7
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UUBL SBF ¥ 5 ANl s 74U WP o8 e — 2L, SBF AR I al AR A A B 98 1 i o
2. 28 SBF =ifUJ5 VPI-7 KA K E RSB S HUUR, R BA R B E . 5B 2 AU
B AW S | R R, B AW O S B S R E R 5 | BRSEICHLER AT LR 2L
Tt AL B (Y. VPT-T RERE TS T ES ML S DO, XA R TR AL L, BRI
BB,

©

Fig.6 SEM images with different magnifications(A, B) and EDS pattern( C) of VPI-7
after immersed in SBF for 72 h and

3 & it

SR K I T NN R B iR Z2 LRk R o0t VPL-7, LT ek o A8 1 e 1) e 42 il 43 i [5]
B RSE. S8 A 4 B 3 Ky A e s R B E B VPL-7 B BT AE WA e L AN EE . @t
AE-BECL IS UE T VPL-7 2 F i 8 e B e, L EL A 7 420 W) S A 1 K 0~ W Joa 1) 45 vy L
VPI-7 °] AR A5 B0 A W 0TS, B B I e TEPE. VPL-T 400 AT DA B SE ST A R 1 2245 4
AR FY TR EE, HAE B G G APRIA T 04 R TR 5.
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Synthesis and Biological Evaluation of VPI-7 Zeolite'

LI Ruiyan', WANG Shuang”, LI Dongdong’* , QIN Yanguo', YU Jihong’
(1. The Second Hospital, Jilin University, Changchun 130041, China;
2. College of Chemisiry, 3. College of Materials Science and Engineering,
Jilin University, Changchun 130012, China)

Abstract Porous zincosilicate zeolite, VPI-7, was synthesized through hydrothermal approach, and the size
of samples were adjusted by varying amounts of sol. Also, the biological properties of the samples were
charactered. The characteristic results showed that the prepared samples were aggregated into microspheres by
VPI-7 rod-shaped crystals, and the crystals further cross-linked and formed numerous micron-sized pores,
which provided good morphological features for their biological properties. In addition, the surface topography
for VPI-7 had the ability to promote the deposition of calcium phosphate, and load/release protein. The in vitro
experiments suggested that VPI-7 was conducive to cell adhesion and proliferation, with good biocompatibility.
VPI-7 showed excellent biological properties, and has potential to be applied as implant used in bone repair
and replacement.

Keywords Zincosilicate zeolite VPI-7; Biocompatibility ; Load/release protein
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