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HEBEHANTESKEERER 2 A REER
TKEEIE B3 B HA/Zr0, 22 FLU TR B & N T
HERAE R AEME B A

X #EE Fik O GTEF O AEMS KRE ARF SHEN oA

[@ZE] BHM HHESEHNEIEEREEA 2(thBMP-2) FERHKE R HR HA/Z0, £
LI M & N TAHEMR I MEEHUE R beagle RAEMRBEIRMIGE S, FiE B FCWEHI& 7 RIEK
BERCAE R thBMP-2 IR RBEER AR, AR HL e T WS O 25, Rl ek 2 B R S SR R
HA/Zx0, ZFLILIKFE % N THEME & thBMP-2 5uTRMEKBERE , FEEH 1 HA/Zr0, ZFLIKFE %A T
MElA, Kt 12 H beagle RILEFRIERENL N 3 4, B4 4 H ¥ RAFAERER 9 mm 5 23 mm
R BIHRR L, HEE B AR R Hoh A 4 A A chBMP-2 55 SR MK BE I 137 1 HA/ 700, ZfLIIR
Ve N THEDR | B AR A2 TR BB AH B HA/Zr0, 2L N THENR , C 4RI A 5256
REABREEE ., RIF 6,12 24 JEXF LI RITRIAMER X LR ME ARG 24 Ja B30 R AME AR bR A
TTES A Micro CT BB H AT B AE W 126k, SR 45 BT MK S I A i B ~ 2 3D I
ARGS9 30 45 53 43 A 75 BB MR, L 60 2% thBMP2 )5 B R 3k 91. 88% + 1. 53% , 325 & N
(39.84 +2.34) ng/mg; BHIRE 1 KN 28.32% +3.01% ,553 KN 48.92% +6.27% ,55 12 KN
74.40% £6.29% ., ARJ5 6 JE C HshYTF-HITEShBERE 5 A 4AF0 B Al (P {34 <0.05) ,A B A%
REFIFEL(P>0.05) ;K5 1224 I B CHGINE WK ERIASITF=E L (P EY <
0.05) ,A.C AEFHTGEIT (P EH >0.05), RJF 6.12.24 Ji X KEARFME DR, A 4HE
MRE AR 5B SRR TG £ MR RS i S 2 R B AR RS, 3 24 JEIEE N TMEAAR A R
S ARG R —R; C A7E 24 JE AT EU AR AT B9 B R, B A R 3B B 4l
HEMCE AR S5 N THER S 3R 8 A BRI T A 411 C 4, ARJE 24 JARRA Micro CT Btk B4
LR R A 2H(145.38 £18.52) mm* | B £ (86.30 £15.60) mm’ , AL L B 2 A B H 2 X (1 =
4.879, P<0.01), RJ5 24 & A B.C HF AR BIHEMRAR AP ERE 5350 (14.03 £1.67) MPa,
(8.62 +1.24) MPa . (13.79 +1.43) MPa, A 4HF0 C MR FRHTERENE T B4 (P Y <
0.01),MM AHS CHHKER LG #E L (P>0.05), it &4 rhBMP-2 5% R WK 557 Y
HA/Zx0, ZFLHLIKFE % N THERRER SUE B HE B, A S AR B RS B B A T I R B i
MBE.,
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[ Abstract] Objective To prepare the chitosan hydrogel as release carrier of recombinant human
bone morphogenetic protein 2 (thBMP-2) , and loaded the prepared recombinant human hone morphogenetic
protein 2 chitosan hydrogel in novel HA/ZrO, gradient biocomposite artificial vertebrae and study bone
reparation effect of it in a beagle dog’ vertebral defect model. Methods To prepare ThBMP-2 chitosan
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hydrogel by ion-crosslinked method. Scanning electron microscopy was used to observe lyophilized chitosan
microscopic surface morphology, test its swelling coefficient and detect drug loading mass, encapsulation
efficiency and sustained release characteristics of the chitosan hydrogel loaded with thBMP-2. Loaded the
rthBMP-2 chitosan hydrogel onto novel HA/ZrO, gradient biocomposite artificial vertebrae. Then 12 beagle
dogs were randomly divided into three groups (A, B, and C) by number table, each group included four
dogs. Afterwards, a 23 mm radius and 9 mm high semi-cylindrical bone defect model was caused by surgery
in each dog. While the bone defect location was implanted artificial vertebral body composite thBMP-2
chitosan gel in group A, implanted artificial vertebral body composite blank dried chitosan in group B, and
implanted autologous bone in group C. After operations, general observation and X-ray observation were
carried out at week 6,12, and 24. At week 24, all beagle dogs were sacrificed and taken vertebral body
specimens, then detect new bone volume in the artificial vertebral body by Micro-CT and detect ultimate
compressive strength by biomechanical testing. Results SEM scanning showed the lyophilized chitosan was
a three-dimensional network structure with uniform distribution of chitosan microspheres internal. When
loaded with thBMP-2, chitosan hydrogel encapsulation efficiency was 91.88% +1.53% , the loaded mass of
drug was (39.84 +2.34) ng/mg; the release rate was 28.32% +3.01% at day 1, 48.92% +6.27% at
day 3, and 74.40% +6.29% at day 12. The average recovery ratio of group C was faster than group A and
group B at 6 weeks postoperatively (all P values <0.05) , and there was no statistically signifficant difference
between group A and group B(P >0.05). 12 and 24 weeks postoperatively, there was satistically significant
difference between group B and group C(all P values <0.05), and there was no statistically signifficant
difference between group A and group C(P >0.05). X-ray imaging observation showed: in group A, with
the passage of time after vertebral replacement surgery, callus formation gradually increased around the
material, the gap between artificial vertebrae and autogenous bone was gradually filled with new bone. Since
the artificial vertebrae and autologous bone had almost closely banded at week 24 with no obvious boundary ;
in group C, there were apparently self-absorption and bone osteolysis on non-load bearing areas at week 12
and 24, and appeared rapidly autologous bone remodeling; in group B, however, the repair to bone defect
was slower than that of group A and group C. The specimens were taken at week 12. And in vitro Micro CT
observation showed that three dimensional CT reconstruction could be seen a large number of new bone
formation inside the artificial vertebral, and bone volume detection result at week 24 were (145.38 +18.52)
mm’ in group A and (86.30 = 15.60) mm’ in group B, there was significant difference between the two
groups (1 =4.879, P <0.01). Ultimate compressive test showed the maximum compressive strengths of
vertebras were (14.03 £ 1.67) MPa in group A; (8.62 +1.24) MPa in group B, and (13.78 £1.43)
MPa in group C. The group A and group C were significantly higher than that of group B in statistics analysis
(all P values <0.01). There was no statistically significant difference between group A and group B(P >
0.05). Conclusions The novel HA/ZrO, gradient biocomposite artificial vertebrae loaded with rhBMP-2
can excellently repair vertebral defect, it may be an ideal bone substituted material for clinical application.
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MU TP BANEIBS RERA
2 ( recombinant human bone morphogenetic protein-2,
thBMP-2) 2N B35 T K+, 2 ME—RE S T 2 6E
e I 48 T8 70 5 4 b A R 2 oA Y
A REEN , B RN HBAAEVFZ R
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AAEARHT, R 2 B T A= Wy il 25 B 25 ) 2
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# HA/Zx0, ZALILIRFY BN THEMR JF I HLE &
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90% ,Sigma, 3% [H ) ; = H B R 44 ( Sigma, £ H) ;
thBMP-2 ( Sigma, 3% [® ) ; ELISA X 7] & ( R&D, 3
) s R T 14 ( Labeonco , 32 [ ) 5 B fe 2 30
(Thermo Scientific Varioskan Flash, ) ; Micro CT (SKYSCAN
BRUKER, A B ) 5 454 H2 % ( S-3000N HITACHI,
HA) s B3 B Ik (HITACHI E-1010, H A
T BER RS2 L (INSTRON 5569 , 351 ) |
1.2 thBMP-2 72 B K BE I 1 il 28 S A D 7512
1.2.1 ZHEREKERT %S SRoCik[14] %
(R IE 73 0 A et | 4 — 5 o 5E R i T
0.3% P B2 v W T, B P 2 50 & U A, i B AR
1.5 mg/mL7e MW ; ¥ — € T i — RBERR IR
TRk BE 0.5 mg/mL = BB IE I
B2 R BEAS TR 100 mLL, LAFE M5 = R AR A B %R
WA 51 RO AT = R IR N, P
WM FH 0. 45 wm [0.22 umE P38 7ERRLE s
TIBEFET 7 5 1 4 R = SR W R v T 2 18
T INE ST R b, T A I AE 30 Y/ min, S
St A T UL TR Fr TC A IR W 6 AR FE 1 b,
H0.5% NaOH & HY pH{EE 7.2 ~7. 4, ¥38
1B AT A VA TR A3 205 T 3R L Y R T
1.2.2 FREERBEIES KR T 70 TP EE B 5 ik
3 mm x 1 mm B/NF SR EE PR G L&
25 B TV S S T G S 1 4, 91 i Pl 5 L5 T e
RMKBER 18 3D 258, IR £ A E M5 R s
iR
1.2.3  FERMIKEEE A thBMP-2 82 & M 5
RME ARSI R A e il 4 s 1T e 6, H
I FH 78 R 0 IR 7K 5 IV T 4 28 thBMP-2, 50CR
ELISA 3L 5E 72 BB 728 chBMP-2 S L 5 &I 7%
BA () thBMP-2 5 3k 1155070 SOME 7K 38 i 1Y) 25 24 1 AN
(DR

W R = (A thBMP-2 i - & RESL B
thBMP-2 B )/ TR 7e RS | x 100%

fE R = [ (# A thBMP-2 M i - 45 BEsR 32
thBMP-2 i) /# A thBMP-2 &3t | x 100%
1.2.4  FeRBIKERE A rhBMP-2 K HARAN 2T
BEHCRAI S mL iR S 2, B REPEAT
fRoc BB 40 mg, In] B T4 72 B W o
20 pg/mL thBMP-2 100 plL, & T 37 °C{H 46 $ %t
ek, R A thBMP-2 52 B 0H /K BRI A2 Ry iR 38
BRG0PI 2 mL % 0. 1% 41
F14%% H (bovine serum albumin, BSA) FYREMR £ 2% np
W ( phospate buffer solution, PBS) (pH 7.4), & T
37 CHEIEAE . B S AN Rl I H] A5 (0.5.1.2 F1
3d,VIEHMR3 d 1R, 2 15 X) B 100 plL,

K HT ELISA ¥ER I F 5 thBMP-2 #REE | J5 4 FEAH
M 0.1% BSA 1 PBS W, MR4E ELISA 47 it il
LRITARAFE thBMP-2 &I BB 2k

thBMP-2 2 3H 8% = [ ( RIE W thBMP-2 ¥
B x2mL)/ 2 ug] x100%
1.3 X4 thBMP-2 72 RMEKEE R 1987 8 HA/Z0,
2L UL g B8 N TR AR i) 25

(1) H8 HA/ZxO, WK B B N TAHEIAR S % . B
AV G AR BN g K 2E MR 2R e, RO #5280 R
HERSHOSE . 2429 mm 5 23 mm, WK 1, (2)
A2 T HRTERBE THER R 45 B R ik
TR I A e A W R B L, K HA/
20, MR M % N T HER IR A 3K 58 42 1 78 BB
W B R TEE BUR R T e 2 B gk T e R
BEI) HA/ ZxO, HIRBE & N THEMR AR L BT T 4%
. (3) & A thBMP-2 76 B M /K B i 187 7 HA/
2r0, ZALUAIR B e N T HEAR 6 i) 25 < 76 AR il e o)
o ARG THEPRRT 30 min, BUH 9 75 419 1
A WG 25 H T RS IRBERY HA/ 20, IR PR & N
THERR, # 20 we/mL rhBMP-2 % f# ¥ 500 wL ¥4
TEINE 1A ATAHEMR #1500 pl thBMP-2 %
564 T MR o RO WG, B A HE A 3 AR 3R
thBMP-2 10 ug.

E1 B HA/ZO, HIREENTHER 1A AN TR
1B AT HElAE 2

1.4  H& HA/ZxO, WK & N T HERE &
rhBMP-2 3/ 14 PN Jli - 16 PR AR 5

141 LRI ARTFAR B 12 HIm R a5
FRIEHAL D A3 4, HH4 H, AH.BAES
thBMP-2 72 M 7K 5E 12 19 38 B HA/Zx0, 2 LK
B e N THEAR ;B 4 AH AR 525 T B R H
I HA/ZxO, ZALI R B & N THEMR ; C 41 48 A 5K
WK AAREEE . A a S a0 25 ARk
B 5 A 2 R — A8 A e, FARA
3% I 2% 1 ml/ kg 704 28 80 Ik 03 5 JRR 1
SIS R EME , FAR A RTAMUA B, 90 F K
2912 em MR Y FFIE S B2 Bk L B2 T 4120, il $ 52
B R T B BEMERS 58 78 60, FE L, HEAKF B
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KIWULRIBREGPE > 2L, 72537 2 L, HEMAIKE 3L
A Sl ik e A AT R KO T T LA HL., SRk At
IEATFIE E ok T ERIK, 7000 288 L, MR 2 -
TAHSRE MR, AE IR T AR 58 O AT B
L, MEARIHT 2/3 , AT R 58 R R, DA Ao i AHE
B FARE ML 9 mm 23 mm 2 FAE I B
1, A B.C LW ITHHE AN EY .
NS N EY TG, F LK E 50 mm FAMEHN
A P T T B 2 MEAAR SRR M 45 b 1 AR ET
Bl . A5 H RS, AEHABSMNE E, RFEHR
YT UEEZ 160 7 U LTS, A H 1k, Hrs:
3d,

1.4.2  SEERARJG KEUIER X 2R 25 58 S
B ARG BNZIIEL LI R ST O, 2 BIAEAR G 6.
12 24 JAATIG s EERN 3% 30 BE A J5 1 S i sk AH
[ AR R SRR SE 56 K R Bk BR UL, B
HSE KA 0.5 h 8 1R, 3113 &, 75l5
ARJG 6,12 24 JA  FEFBRRRIE T, 3 IEAEMI A X 2k
R URERAE A VA P 8 N T A JR) Lo A 17
BB BEMEIAR = AR, RJE 24 8, 7 3% )
P28 (1 mL/kg) FBKRREE T, >R FH 28 KM 2E A
HUAS L B0 5 2 5 T AR B, FH AR HEAAR MR [B] 285 4b 5
W, BT AR B L0 R A 5 59 B3R A A A ]
AL RN G R 8, - 20 °C VKFR R
TRAFE

1.4.3  BKFRAS Micro CT #7246 & B4 & 3D &
BREH  Micro CT 180°F4HL A 41 B AR5 24 Ji
BRI RAMERBRAS | 12 A7 40 A4 ) DX 5k A SR %

[X (region of interest, ROI) ; LA 50 wm VE M) 2
JE XA RHX S8 AT B U0 T 4, R Micro CT 5%
TERR D REA i M4 R AS B i i 15 5 X3, 7™ A2 2 200
s A 2D E% . FIFH Micro CT 315 2k K X
W AHT A B & (bone volume, BV) , HEEUAE T 4 K
3% 5 5K 2D EMR (3£ 250 pm JE ), I Micro
CT A T - T8 A B 3D B,

1.4.4 AEYIEA (RBRBURSEE) AW
DR A 30 A W G 52 15 i 00 A A5 1 A A e
W BRHT S B0 A AR A 1 2f s ik . AR
TR A R SE 56 0 940 K B T N T MR RN 2 560K
A ACE A JE AR BT R, BRI
=20 CUKARVR VRHER R A B T8 T 7R 24 h,
SR PR A= RO St A A 2 1T A9 S 24 B i
B PR MREZ ) R R AR S(m?) . T
PEHEARARAS 1T i A [ [ 22, ORUER R0 1 A
figt, RIHLINEGEZR N 0.5 mnl/min,ﬁﬁy\%ﬂ:
U — BERAE B MEE RN 1, TR B it A 3h

ERAGE SRR AT - RS, SLIR AR5 AL
B | 282 [ 08 T A S R — B DA
K IASBARE . AR AR 2T — 8 h e U R T
Fm(N) . $PRBTRMRBEETHR A,

P(Pa) =Fm(N)/S(m*)

Fm(N) A RKE M, S(m®) B2 S Fm,
1.5 SeitIrik

K SPSS 17. 0 FAFXTF 5 B AT 58 2453
BT o AR 1 B AN K 0 R e Hs 5 B8 A4 IR FH 2. PR
FJ7 25081 S SNK-q 6 55 5 387 A= B s A6r W SR FH 2t ST
FEA ¢ #6556, DL P<0.05 NESALSITFE X,

2 HR

2.1 VR FERMEKBE R 4 d BE g

FIR R N R T 70 A 3D WK R 25 4
3D L4250 ~ 300 wm, BMR &5 48 K510 A A E
RO G e TR | R AR — | R e
Toa%, WE 2.,

B2 HEKEEREMBEEEAE 24 KERE 3D
FRRRFEBIZEA ( x 100) 2B BRAR 45 M T ¥ 5 4
A B 2RI EH RO Z7e BERER ( x 350)

2.2 FERBOKEE R A rhBMP-2 £ 28 a3
5

ZHME ] 5 P 15 7 S K Bk e 52 & thBMP-2
MIALE A 91.88% +1.53% (n =3) ;825N
(39.84 +2.34) ng/mg(n=3),
2.3 4 rhBMP-2 7¢ MK EEKE 145 RBUVRE L
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i 2k

rhBMP-2 SRR R LA 5 vhBMP-2 75 4 5 7
BRI E R, thBMP-2 (B 22 30 ) B
PEBTIOW A  7ERT 3 Kb rhBMP-2 30 R 18 & 1
BB, 26 1 KIS REHCR N 28.32% +3.01% , 56
3 KRB AIA 48.92% +6.27% , Z J5 B i ik A
thBMP-2 218 BB B (55 3 ~ 12 K) B4 12 K
ZFBCR A 74. 40% +6.29% , 5 i ARG E By
B (312 ~15 K) 2% 15 KA rhBMP-2 EFUR
KA T6.97% +6.05% , e Ja 3 KBEHCRALIE
2.57% , WK 3,

100[

o0
(=)
T

N
S
T

RHBMP-2 2B E (%)
= 3
T

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 1 23456 78 910111213141516
AffE] (d)
B3 FeRWKERE A rhBMP-2 BREVR 2

2.4 RJFRMEUEE

SEBG R ABERIRE H ST RJE A SR s
R S RIS, RJ5 6. 12 24 JiE3)
JERIN s, R 6 J8 C 21 Sh o113 sh K &2 55
A AT B HP(P<0.05) A BHEFIGIT#E
X(P>0.05) ; KRJ5 12.24 A BAH5 C 4liGshE 1
WEFE G FE L (P{EY <0.05) {H A .CH
ZRTGEIEE L (P EY) >0.05), W&k 1, W
oA IS URERAEL A AA A ) B A 814 S5 I S T4 T P g )
BT RO, AT ARG 24 FIA 415 B 4 T AHE

3 s
O

PRE 5 A LA A R R, L R AT ] S 2
B C 4 A K B 5 ME R Rl — A, Jo ]
R

T 3HATLBRAREAE 6,12 24 FiEIER
HA (K /min, x +5)

Ml kL AT ARIF6JH  ARIF12H ARi524 )
A 4 19.6726.56 4.17 +1.80 12.25 £4.03 15.25 +4.43
B 4 22.33+3.98 3.92+1.78 9.42+3.12 12.25+3.89
C 4 21.25+5.24 7.42 £1.93"13.67 +4.27"18.25 +5.48"
FHE - 0.753 13.538 3.816 5.002

P - >0.05 <0.01 <0.05 <0.01

A ZA hBMP2 e BBOK SR THERA B, BEAEH%E
BHOKEERN THERLL; C. HARTE B UL SNKq H0. 5 A 44
*P<0.05,5 B4 ILE"P<0.05

BHTTRAIG 6.,12.24 JIEHE X LK 2 UL
K4, 5AR56 JHHE, R 24 Ji A 4152 4 thBMP-
2 5T BRMEIKBE N T HER A LA BH S 3 AR 08
FEI AN T ME R P 50 285 1 R i b 0, N TR S A
VB TRI R 72 0080/ ) | L REEAE T A B R T2 R
FARVEBMREELHE ER;BHAEZ AT HRTE
W KEE e N T HMEAAR J] R IR A 80 A6 i T A, N T MEAR
5 AR TR B, HER S BETRIC I 1 s 3
ARG 24 JE 250 RNEHEE & AR 3 h BRI 3 A 41
C M8 ;C 4 AREEE ARG 24 JREHE G 28 Wi B 5
A, BN HER B A Dl B A, HAE AR X
B P B R, P AR SR AR T A AR
B4,

2.5 BRARA Micro CT H7 L s A6 & 3D EZ
Gigcd

ARJ5G 24 J& Micro CT ROT A& B A I 45 5 &
IRLA YL (no=4) BRI HT A = R (145, 38 +
18.52)mm’ ,B 4 (n =4) J9(86.30 +15.60) mm’ , 2%
AL EE X (1=4.879, P <0.01) , 2RH] Micro

4 3HATHRAARIE6.12 .24 FEHE X 2R 4A ~4C  S35IA K G thBMP-2 FeRBKBER A THEMAIARE 6 .12 24 JAMEME X &7

4D ~4F S HINE A2 AT R IR N THERE ARG 6,12 24 JHIEHE X &R 4G ~41 28 B AR B ARG 6,12 24 JEIEHE X

=3
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CT A5 5P RENNH B R A BB &5 5 J5 X 2 4
AR T 250 wm JEEIAT Micro CT #rA:# 3D &
LRI 5,

B5 ATHER 13RI 250 wm 5 45 R A #TA 4 Micro CT
3D HEA 5A  H A thBMP-2 78 B KB N T HEAR 2
5B A7 e BAKEE I T AR 4L

2.6 AEYIIEA

gl HA/ZxO, 7K P 8 N THEVR A Sh 1y 4 R
PUESREE A (2.24 £0.36) MPa, # ARG 24 J,
AL B, C ZH HEK b5 A (9 B PR 0 R 58 B2 43 0l ok
(14.03 £1.67) MPa (8.62 +£1.24)MPa.(13.79
1.43)MPa, ZR HA ST ¥ B X (n ¥ R4, F =
17.596,P <0.01) , Hh A4 C HPRMREST B
H, 22T HHEGEIFE X (P EY <0.01);A.C4
b2 RIS EE (P >0.05)

3 it

FERME R — R A9 Lkl BB PR R AR
YT T thBMP-2 15 T, AR 2k 24 7K 5 i
Hr thBMP-2 {4 AR S0 SR B4l — R MR aA1E
SEHRA , Sl £ H 28 T Re BN, TR ST R K
BEME B WK 5 A 1K rhBMP-2 2 (95 4%, B ik
4550 T thBMP-2 FEAM A PR 5 v 1) 2 58 ) [R] , 5 K PR
JEHARIE T 2586k

M rhBMP-2 1A &b 5B R i Ml £k mT DL
thBMP-2 ARSI B S B Be PR LA 7E /T 3 KRR
PR AR B, 2 S5 i W i A RS R BE (3 ~
12 d) , E i AR EM B (13 ~15 d) . 3% F Bk
T thBMP-2 M 52 5 ## /K BE B 28 B 1 AL il
thBMP-2 M5 B /K BERE RO AL HI A4S . (1) 38
IL R T U B A A B R )y T4 A () thBMP-
2 MK BRI TR, o A 2 e MR, R M 1K
ZERE; (2) T 5 R BR AL 2 JE AR B S 4 T
5410 thBMP-2 , 3% & 4 thBMP-2 fF:bifi %5 72 R Wi 1

Rok i KR I PR T 2 1 ok P S M8 B, B
FEfRERE . 15 d JEHE ARRE B B, B 25 9 JE AR B ik
St4, H UL B chBMP-2 & &t A0 & 3% s &2 Y
76.97% ,3iX 1] BESE FH T thBMP-2 7E I ff A 2% B U
IR P AR | O A TR R i A A S o
FERMEKEE IS BLAT R R IEEA Wl i e 4 |
fap 5, FFRER BIAR A I B REAE I

T3Hh BN g Mok B RO A
FHAPERUR S T2 B . N T A EHE ARG
STENUAR I IIIAE B, 5 R 1 A ) AR 2 P 2 b
BRVER AR, HA/ZrO, B 5 5 G& MRHE —Fh G
RN TCRMER M RSO L, B R4
PYEPER YRR )l AR R AR TR
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