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ABSTRACT Objective: The chitosan microspheres encapsulated with bone morphogenetic protein-2
(BMP-2) were prepared by the emulsion cross-linking method. Then the chitosan microspheres were
loaded in the ceramic bovine bone (CBB) to achieve the drug delivery system. Methods: The chemical
structure and surface morphology of the drug delivery system were investigated by Fourier transform infra-
red spectroscopy (FT-IR) and scanning electron microscope ( SEM) observation. Characterization pre-
served the loading capacity and encapsulation efficiency of the BMP-2. The dynamic immersion method
was used to examine the in vitro release characteristic of BMP-2. Results; The chitosan microspheres
were successfully encapsulated BMP-2 by cross-linking method. The microspheres were micron-sized
(5.982 pm) and spherical in shape with smooth surface morphology. From the release experiments, it
was found that 5 mg chitosan/BMP-2 soaked for 21 days with a gradual release of BMP-2. The concentra-
tion of BMP-2 was (239.1 £20.0) mg/L on Day 21. The in vitro experiment showed that this novel drug
delivery system could accelerate MC3T3-E1 cells proliferation and osteogenic differentiation. Conclu-
sion: The drug delivery system achieves the biological function of BMP-2 and sustaining slow release in
bone repair parts. Also it can provide the basis for repair of bone tissue defect treatment and the selection
of bone tissue engineering scaffolds.
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B GRAR Z (CS/BMP-2/CBB) , K 1% 52 & #1 K}
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AL s BMP-2 (1 S [ 2800 2 ml I T ALK
J5L BMP-2 [FHK G5 W B ( ELISA ) 4 35055 & A
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S i A A AR 32 D S A

S T B A 45 08 57 AR i 21 A0l 14X
(Fourier transform infrared spectroscopy, FT-IR, H 7
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1.2 CBB Al &
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mm x 15 mm JEAR AL 14 5 BB 4%, A AR L
SFUKI RIS B 2838 2 h, BRRER A 8 1 e
Ji, KRB R BT TR E RIS IR
HIBLRS , R 18 TF 2 700 °C, ESA I 2 h 1B ge, TR
TR ER SR BRGS0 I B Wl KA L W B R I Y
R A0.09 mol/L FERERRENIF LT, 70 CIKIHR L
72 h, TR A R S 3 g R B g THER
21200 C,4EHF 1 h, il 55 04 2 BB iy 4= Fa it
B BB BT B B BURE , 38 A B o 5 1 B oA
WL g, 755 0. 25 ~ 1. 00 mm (988 B UL
1.3 CS/BMP-2 TEREE R 2 il %5
KL AL A B L i & CS/BMP-2 244 2% B 1l
BRo FRELL.S g CS AT 2. 4% (AR E0) Wl FR v
M 60 mL rf  REHSE A R fS , A — %€ 1 (1) BMP-
2 WU R — R A5 IR G MR %2
AT 2.7% (it 53450 19 Tween 80 F1 2. 0% (JiT
S50 1) Span 80 AR IA AT IV T 380 mL, T
PUBBAEFE 3 heo ) 22 A8 A B 2 Vs ¥,
CS KA AcHk . N oe S G ki b 6 h, e, Bt
UUVEYD , A s 5 DB R, a K iiE
Y UR T 2 AE 45 1 72k BMP-2 [ CS 3ok, %
BABEWME L Fis,

Chitosan solution

Liquid paraffin Tween 80, Span 80  Chitosan microspheres

Bl FLASHkE & CS/BMP-2 SR Ay B A
Figure 1 Schematic of preparing CS/BMP-2 microspheres

1.4 CS/BMP-2/CBB & &2 RAK R 1 %

i N A 0.05 mol/L [ TRV W BLHI 0.1 g/
mL [ B S, K CS/BMP-2 f R L il B 1% ~
2% (M IRER-HE W, K CBB Bk S 48 5] 43k
F IR ER- IR, B RdR T8 8 h, 15311
BEMBHE 4 °C FH 50 mmol/L EDC #1 25 mmol/L
NHS #5528k 12 h 153 1 52 50 R 2218 K vk
30 min J57E —80 C¥ R 1 h, Fid T4 24 h, 155
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{8 ELISA 2750 &0l bt 9 250 b3 Wb R 4
(1) BMP-2 5 HE Wi AR} 280 25 R A 32, e B
ELISA 3075 & U B 5884 , T 5E 450 nm T OG5
o FRPEARE M 2 bR vy BT H S AF b BMP-2
VR R EVE MR BMP-2 i [ 45 25 1 A i
B3 W, HAE = (A BMP2 Jit - FiFE S
BMP-2 i) /fOsk B & x 100% , (33 = (LA
BMP-2 it — LV P BMP-2 B i) /4% A BMP-2
B x100% .,
1.7 CS/BMP-2 Sk kMR

H4 5 mg BMP-2 f3ki il T 2 mL BERRER % vk
( phosphate buffered saline, PBS,pH 7.4) /7, & F 37
CHEAEh I TR . AR E] 5 (1.3.5.7
10,14 21 d) WAL G2 RO IS5 R0 PBS B4, AR5
it T - 20 CokA . CS k1 800 L BRI
WA, M BE T 3.5 mL PBS A5 Bk vf BMP-2
)& i, BMP-2 Y B2 f I i ™44 A4l BMP-2 ELISA
R i) & R E DT A AT B AT 3 I
1.8 Zififukss:
1.8.1 CCK-8 A& M4 s B P3 ¢ MC3T3-
EL 40, LA 1 x 10°4/mL 9% BEFEF0 T T25 15550
H, T o-MEM iR e85 35 . diiffa 3ty 3 21, CON
HAEERKET) BMP2 4 (1 mg/L.1.25 mg/
L), S29edH SCH iy, F 70% (KB 7080 & B A
8.3 o/LIy A B &L /K % CS/BMP-2/CBB & & &% B
KRR BTN 3, O PBS 6 215 U5 iCE T
SEOMT R BRI 7 o K b 3A 45 2 40 M 0 4 i B
T 96 FLARH (1 x 10°A4~/4L) |, b KA 15 97 3%, 4y
AT 1.3.5.7.14 K& A 10 pL. CCK-8 %
WL 2 b, BEFR AL (Bro-rad 680 )l i 450 nm gk
G R
1.8.2 Real-time PCR % i@ 1d real-time SZAY 58
H PCR 1% J7 32 46 0 Bk, 4 s %2 1 ( alkaline phospha-
tase , ALP) .BMP-2 ‘B 45 % ( osteocalcin, OCN) ‘B ¥
% H (osteopontin, OPN ) 2 BMP-2 (1. 25 mg/L) 4b B
JE ) mRNA JK PR3 B9 22 4k, BAR G T - B P3 AR
MC3T3-E1 41, A% 1 x 10°4>/mL 42875 T25
B ] o-MEM 3555 . M e 2 KAk iis T35
FHE(FE B o-MEM JE6E 1A 1077 mol/L it €
Kb 50 mg/L 442 C 10 mmol/L o-B R H M) -
A3l 2 1, CON H (A F A KA ) A1 BMP-2

ZH(1.25 mg/L) . BERIRIEFREL, MC3T3-E1 i ffi{k
HMF IR TS 3.7 RIS AN, $2 IS RNA (#55-
11120, SinoGene Scientific) o 43 366 10 %2 RNA
¢ FF ( Biophotometer , Eppendorf) , it 1 g &L RNA 47
I SEAZ W A TR i 1 A 3 LA B 5k B3 L IR 4 DNA
(ENO521, Fermentas ) , 9% J5 [z ¥ 5% ( Thermo First
c¢DNA Synthesis Kit,#33-20102, Sinogene Scientific) .
ALP .BMP-2  OCN ,OPN J% %12 8 GenBank (3% %
(#£1),qPCR WA ZR$#0E 10 pL 2 x SG PCR Mas-
terMix (#33-10201 , SinoGene Scientific) , 5|47 0.4 pL
(5 pmol/L) ;1 pL cDNA Fl 8.2 pL ddH,0 HE/7 L
H,7EE® PCR X _E #4172 i ( Applied Biosystems
ABI Step One PLUS) , WAL AR PE95 C 10
min;95 °C 30 s,61 C 31 5,40 MG, fLIE{LIFER
BRI (95 °C 155,60 C 30 5,95 °C 15 s) B iF
SORE RS o P92 DR T A, 25 ik
PEATEE T

&1 5IWER

Table 1 The chain of reaction primers

Gene Gene sequence (5" -3") Product length/bp
AP Forward CGACAGCAAGCCCAAGAG 110
Reverse GTGGAGACGCCCATACCA

Forward ACATCCGCTCCACAAACG
BMP-2 132
Reverse GGTGCCACGATCCAGTCA

0CN Forward CTTCTCAGAGCCTCAGTCC 129
Reverse ACCGTAGATGCGTTTGTAG

0PN Forward CACTCCAATCGTCCCTAC 127
Reverse GTCCTCATCTGTGGCATC

Forward ACTCGCTGCGCTCGGTCGTT
ACTIN 125
Reverse CCTTTTGCTGGCCTTTTGCTCAC

ALP, alkaline phosphatase; BMP-2, bone morphogenetic protein 2 ;
OCN, osteocalcin OPN ,osteopontin.

1.9 gtk

K Graph Pad Prism 4 BAF AT 704, BT
A SRR T 3 YOS AR . R ANOVA K55
XA EATGETT o B, P LL R FHXUR ¢ 46056, 3
2Hak 3 20 DA b %2R A Turkey-Kramer #5536, P <
0.05 4 ZE A G718 o

2 HR

2.1 FT-IR 4347

WL FT-IR 534, % 4% CS/BMP-2 Bk 2 B4
A e CS M S8 A9 50 7 R AH ELAR .
K2 AT 0L, a i 28 CBD CS J50RL) A 7 A fik 1,
3 435.34/ cmb i)y —OH (4RSI, 1 652.70/ cm ]
1 575. 56/ cm &b 53 5] 2 1t i 1A It 1o I0 A9 5 ik 0



A VNI T
JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)  Vol.48 No.6 Dec. 2016

- 1046 -

B R )

2 877.27/cm 1 415.49/c¢m 1 375.00/cm il 154.31/cm
b 43 ) i —CH —CH, .—CH, 1) fift 45 P 2l e LA J&
C—OMFFEE . 5HAREL b #thZk (B CS k) /4=
TOBFEIEIE 1 667. 00/ cm A3 C=0 {45 i 2l I
I, A A R ) e S R AT i 4 B CS Y B A
., H 1 643.00/cm At HEEAY C=N HE3hi& 5B CS
SRR R T SRR, A TR % B ( Schiff
base) . ¢ £k (BMP-2) iRRIEIEHAR R 7E d i<k (Hp
CS/BMP-2) ) FT-IR [&lii I ,3 435.34/cmkb i) —OH
hEHEshIER 2 3 230. 18/cm, & A& i+
PN RN () ) S B T i o

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

a, CS material; b, CS microspheres; ¢, BMP-2; d, CS/BMP-2 micro-
spheres.

B2 ZZRAEINE S
Figure 2 Fourier transform infrared of materials
2.2 MEPESMEE
CS / BMP-2 BBk 0 T J% 32 71 JE 25 0 )3

1/16/2014 | det

et [ H
0% | 12:06:22 PM_| ETD | 10.6 mm | 20.00

/N, B 3A R B 43 I FRIRAEAS RO AR B0 AR 1Y
CS/BMP-2 33k . F FHZL AL 38 36 32 ] 4 1 ok 422 3
HARST BRI , B BRIR R DG I, e el
T oK A HAR R 5. 982 pm,

MNEEL4A HRT DL Y SR P9 41 P 5 O 55 o 1l
#11 CBB ZAL 3 ZE M0 BHY N HL A B B i 2L 45
¥4, L2254 300 pm % 500 pwm, HEA —E 1 E 1]
Mo KALZ 18 o /NFL 3% B2, BT B hy ) 3% 38 1
MR, BT e I A 2 B Ak O ol RS B A
CBB ZAL3 48 I, f#i15 CBB (L1217 DLt e, B
4B W] LIE HE A SRR FLB R B B, fLAR
450 ~70 pum, W] CBB SCAEAL 48 T CS ok,
2.3 UHRAEE R E

CS/BMP-2 T3k 1Y) A, 48 3 A B R e 2 iy
/N, Bl BMP-2 5 R34, CS/BMP-2 (140 4854
I AR AL E R AAE T B, X U B BMP-2 RER T
Tk
2.4 CS/BMP-2 i3RI IMNE RESL G

B U CS/BMP-2 fiek v, BMP-2 (1 5% £ 24
(1.80 £0.17) mg/g. KM AR H 7 5K 5
1.3.5.7.10,14 F1 21 KRR+ BMP-2 19 i,
BMP-2 i F8 i 8 Jig it 25 Fof [1) F1 428 4 328 7 B, 25 1
KA BB REH H BMP-2 () & iik 15% , R BLSERE
BN, B 21 R4S 1 28 B R BMP-2 [ vk i Oy
(239.1 £20.0) mg/L, Z¢8 21 K 2B
BMP-2 &2 i 54% , Bl BMP-2 S o, fed)
7T d B L 37% (K5) .

B3 oknaaid B & A (A, x 16 000;B, x40 000)
Figure 3 Scanning electron microscope of microspheres (A, x16 000;B, x40 000)

2.5 2 A R I 2 R

HT IR R R G RSN RS A S
55 R CCK-8 35100 w5t AN [) 1l B 44t e 1o 35 5 3% 2 ([
6) o EVAKUL, A LG SRR RS R 1 d g nE)] 14
d , S22 T B ZH v i B 4 A R A

APOL 3 21 PO A AR TR RERAS A - SRR
AYEIR 14 d )5, KRB R ARG B T 4 RFLBR b
SHAE R, A A KR . BER BMP-2 9k BE R4,
MC3T3-E1 21 {033 7o B R, 240 0 S AN T, 4
FHEL RS ORI A SR 5 B R A KR



O STRAEROR N SR S BORR R I A S RSN E S PR

- 1047 -

R, Ut B % R B R A AT /N BURT B 4 e
MC3T3-E1 (s, [FRE, |/ 7 et n] LIE B 1
HUEE, 7RSS 14 K, 1. 25 mg/L BMP-2 21 40 ffd 55

o

A, unload microspheres; B, load microspheres.

B 22 TXF B2 F1 1 mg/L BMP-2 4, {H X} I 41 il
1 mg/L BMP-2 21 () %5 4l ) I A 1R W3 2 19 18 55

B4 R SRR BT (% 400)

Figure 4 Scanning electron microscopeof ceramic bovine bone( x400)

6or 1.2 [JControl 0[ C] Control

S 2r T | @BMP-2(1 mg/L,
z O MBMP-2(1.25 mg/1) s |
T:i s g 08¢ Z 6r Z
£ 30} Z 0.6} g ’ Il
2 0 S 04l T Z %
eV ' = 2| '
10 I 0 4 A 4 A < 0 % %
I35 7 91113151719 21 1 3 7 14 1 3 z

id d

t/d e

5 CS/BMP-2 fflkrf BMP-2 {41 AR i th & 6 ZEREUR RN MC3T3-E1 41 it 4478 52 1)
T GRIRFRAEL 1.3.7 Al 14 K40 MIE 5 R

Figure 5 Cumulative release profiles of BMP-2 from CS/BMP-2 Figure 6 The MC3T3-El cell proliferation of materials
Figure 7 Adherent cell numbers on different mediums after culturing for 1st, 3rd, 7th and 14th day

FR2 BMP-2 FIEXF CS/BMP-2 3K 14 fu B R4 22 (52 1)
Table 2  Effects of BMP-2 dosage on loading capacity and encapsulation

fe#a, ALP TEPER I RS, BMP-2 #5320 ALP %

efficiency of CS/BMP-2 microspheres

IR S 4LW] 3, OCN , OPN K6l L $¢ 75 BMP-2
V5 A0 IR A W] 340, ik — 25 U W] BMP-2 75

CS/BMP2 e Loading Encapsulation ‘ ‘
microspheres/mg capacity/% efficiency/% (RIMEHE T MC3T3-E1 411 5B 77 1 404k
300 3.0 0.56+0.08  87.6%1.3
300 4.0 1.04£0.16  85.6x1.9 3 wie
300 6.0 1.58 £0.13 83.7+2.3 R FLWE K AT - 1R =45 ( hydroxyapatite-tricalcium
300 10.0 2.68 +0.39 78.4 £3.5 phosphate , HA-TCP ) XUFH P & i U TR 12

2.6 Real-time PCR %5

Real-time PCR 4538 78,4 FpIE R £ BMP-2 4k
FHAH B B B, Kl 8 fron, 4 1. 25 mg/L
BMP-2 4-3 3 d ) MC3T3-E1 4H)ifi Y ALP 3k g,
T B, MC3T3-E1 ZHI7ESS 7 K OCN ik W]
= TRTIRE b, 5L OPN F1 BMP-2 1) 3K 1E
55 3.7 KRR IR L 28 W25 1, U 25 R SR
B3R5 5% 3 d J5,MC3T3-E1 4y & 4= T B B A B
AL, MRIERAZ N Z T, B W] B R R o)

87 P A A ) S O AR R 28 e
T 15 1B e, G 3 B A3 2 RS 4 1 HA-TCP
R, A6 A R HA-TCP 2R AR L, A 30
R B T RS KR K AL AN ALZE 1, FLB R A A
R B HA KB bR 1.8 £5H0 133 4%, H
A BT AE AR 25 R 32 1T K 9K B ) B L RE
CS J—FhRAR 70 T, HA FAE 1 T B | RL &g
) B, I ELEAHUR L 1k MR 10 A i 2
RENTIO L AN F A B CS B2 B B R T
DAS B — 2 (Y B R DR e, ARG SR AT €S/
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BMP-2/CBB R4 R WH T BF5E BMP-2 %/

BRI B 2 PR R

0 0 ANNAY 0 0 K
Con BMP-2 Con BMP-2 Con BMP-2 Con BMP-2 Con BMP-2 Con BMP-2 Con BMP-2 Con BMP-2
Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7
Group Group Group Group
Con, control group. Other abbreviations as in Table 1. % P <0.05, #P <0.01, AP <0.001, vs. Con.

B8 Real-time PCR #iil] MC3T3-E1 4t ALP .OCN .OPN Fil BMP-2 FE AR 323k (2 ~24¢)
Figure 8 Real-time PCR of MC3T3-El on ALP, OCN, OPN and BMP-2 (2 ~24¢")

BMP-2 & —Fi ] 01 AR5 5 B 1, B SR
2B BMP-2 0] DL S8 1 40 i 46 o0 BB 4 i,
VA ALP 351, R OCN A T B R 235, 3 m
WAL, 78 JRy 360 M6 PN s B R N L R
SYEM.

ARG LIRS A Ry SR RE, (8 AR B ik
AT REM . B & BB — YR
P R S L 4 B, 515 4 I Ik S AR e
(RS LB BI'% k= k= Aok s e =g 3 =BuR Ll
FE5 3 (1] 70 03 40 M 21 A ol 200 B, 8 v 4
InEAEAE . B O B A S S 0BT
H LA AR B R AR, 3 R A AL T — A
Y Sh AP 7R . AT R FH R AL S B I o 45 2K
R, T B ZE R W] CS M i 2
i) A T ARG I SR AE e ATOSR BB 47, 5
LLAMETE S BT A R — 2

BEAN AT 45 R w45 4155 42 BMP-2 4k
PR 3 7 R R BB _FIEEALP OCN
1 OPN ()5 H e 1k /K- 76 BMP-2 21 b H 8RB (2 11
RS, A MG A o3 A RIAEIESE T LRSS U
BMP-2 fiiE T 22 Ff i B 36 UK -1 ik . MR 1
BMP-2 15 47 B i 5 A R 2 B AR W R 1, 7E i
R A 1) Rl i AR AR T AR G A1k,
A 22 e i MO 2 1 i KB be b AT A Sy i B L I T
ALY AT R, B A A K7 BMP-2 J5, fH AR
WA R BRI 15 8 A B L SUB B, I i
B ARG S 0 SR R

S AT 5 ) CS/BMP-2/CBB & 5 40 B
AR I T AR T BMP-2, H HAT R4
R RERR RSN 3R B % 2 B IR R A 1 F /R
HIRCE 40 MC3T3-E1 (3455 F o1k

S 30k
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