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HE. (B8] WEMEERRESEKJE (calcium phosphate cement, CPC) /AF4E2E A% (fibrin glue, FG) /14 KA ¥ (mechano—
growth factor, MGF) / B #E3LT T4l (bone marrow mesenchymal stem cells, BMSCs) ZH 21 T2 A TB45 58 K BB BB A 1 -5
W, [Fik] WAMEE CPC/FG (3242) . CPC/FG /BMSCs (ZZR4Hf1) 1 CPC/FG/MGF/BMSCs (&4 4) #Hkl. ¥ 54 R
Sprague—Dawley MEPERFBENLSY 3 41, SEATXUIREYIER, 3 N H G HRFAREIE 4 mm FBSEBU, /5 A CPC/FG. CPC/
FG/BMSCs il CPC/FG/MGF/BMSCs. AJ5 4 Ji &% 8 JAFTHUI 2 . dH8IFYetn . ALP pedifbiaill, (&R ] SR 4 B, R
J5 8 J& 3 AR AL BRI (P<0.05), i ALP Se 404K 10D {H 8% FFE (P<0.05). MRS, 1%
PO LGSR ALP S 414K 10D {E i i BRI, &8 G41> R AA >0, BIRERIASIERE L (P<
0.05). [&if] SHali e gL, & 1 KPR G B EA B AF A8 52 1 AR s ) e
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Comparison of three materials for repairing osteoporotic bone defects in rats // TONG Yan—xiang, YANG You—wei, JIA Yan—fei,
ZHANG Li—feng, LI Ya—guang, XUE Fei, YU Cheng—yong, WANG Wen—xuan, FENG Wei. Trauma Surgery Center, The Second Affiliated
Hospital, Inner Mongolia Medical University, Hohhot 010000, China

Abstract: [Objective| To evaluate the efficacy of calcium phosphate cement (CPC) / fibrin glue (FG) / mechano—growth factor (MGF)
/ bone marrow mesenchymal stem cells (BMSCs) tissue engineered artificial bone in repairing osteoporotic bone defects in rats. [ Methods]
The CPC/FG (scaffold) , CPC/FG/BMSCs (scaffold—cells) and CPC/FG/MGF/BMSCs (fully composed) were constructed in vitro. Fifty—four
Sprague—Dawley female rats were randomly divided into 3 groups. The rats were firstly treated with bilateral ovariectomies, 3 months later
had a 4 mm radial bone defect in length created, then CPC/FG, CPC/FG/BMSCs and CPC/FG/MGEF/BMSCs filled respectively. Radiograph-
ic check, histological observation and ALP immunohistochemistry were conducted 4 weeks and 8 weeks postoperatively. [Results| Com-
pared with those at 4 weeks after operation, all the 3 groups of animals got significant increases in terms of radiographic and histological
scores (P<0.05) , whereas the 10D values of ALP immunohistochemistry decreased significantly at 8 weeks postoperatively (P<0.05) . At all
the corresponding time points, the radiographic and histological scores, as well as the ALP immunohistochemistry IOD value was all ranked
up—down as: the fully composed group > scaffold cell group > scaffold group, with statistical significances in total (P<0.05) . [Conclusion]
Compared with the pure scaffold or scaffold—cell materials, fully composed material containing mechano—growth factor has better capacity
to repair osteoporotic bone defect.

Key words: calcium phosphate bone cement, fibrin glue, mechano— growth factor, bone marrow mesenchymal stem cells, bone defect
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IR AR AR E BMSCs M A K 1) 8B O 1 43
o1, R A TR S a0 A i Al A ) 2 4T R
AR AR T TEEAT T, SEMEREARE
4 (fibrin glue, FG) J& B9 W% R 55 B /K & (calcium
phosphate cement, CPC) HA LR 7 24 58 R 4T
B e, CAHERZHR ", (B4 MGF 1E4
Tl Bh A= A TR 5 1) 7 T 4 R i 3T R/
CPC & SBMBIFER R IL . I, AWFTEH CPC/
FG A M EHMESR MGF 55 BMSCs FYZ A A, LItk
A TR TS, WECHXT SD K BUH s i
PERE BRI RS, B THIEE R
I T B BT A P 0 T I DRI T 4 i S e
%

1 #RETE

L1 AR S
1.1.1 4%

B2 05 B MGF YR TR A FG AW EARE
R P G B AUl 45 ng/ml ¥, T ACTRERE 1 do
S 22 55 5 Y T il %5 CPC/FGIMGE & 4 4
Bl OBI. INASEFEEIAIN FGIREW, FHEE RN
AW, FEEREE 2r i, LA R
b= [ 2 L R X R s A M v iR
ISR AR TRy, ot Wi, BAKLA
5 g CPC By AN A [a] S5 AR 1) 3 1A I B TRV S A Ak 711
VWAL 1 ml, FRRE KA A S AL S g 2
ml [ FE IR A AR ;TR 50 5 MR TR & P 151
AWHIEEE A, EiREEFRE RS BRAMNES
MGF #2058, Ak RIAE AR AR R B CPC/FG &
BMPRIEAS . I FH TR RN 5 S RV E B RS
2 mmX2 mmx4 mm FIHIESZEE, & 60 TR H

CPC/FG/MGF K CPC/FG FEZE 3 5 A 40 i 15 37
Ui, THEEE RS, AT, BRI
B 1do BOREUE#E, 559 BMSCs, HURE P3 1R
BMSCs, PBS ik, fMAJERE, 37CTHRE. BEK
HE.OE T, 1000 v/min B0, 7+ 13, @i, 17
Y E ., WRRE RIS, e 5x107 i d/m] A
R v p ORI OR e T L e i L el =
T e s FR AR S 155 2 by MKHR Vacant %5 12 4T
2R ) 2R e JROU) 108 S v fel R Y
— N SERBEARRFIAT 1.3310° 418 (P31 BM-
SCs) o
1.1.2 A&

MTT ¥l . CPC/FG/MGF K¢ CPC/FG 37428 A 40
2082

MIRE TR 5 L, IMAKER P3 A BMSC 1555, 7d
AT MTT &l . AL 51N A 5 mg/ml MTT 9 20
pl AR 2B 5% 4 h, KBRS, WILMA 150 pl
DMSO, REEBIEEL), T 490 nm 37K FHEGEK 5
PEAUREIN 6% {E (optical density, OD), 22 il 41 ffg
B

HBEILEE: Lalkds s 2o45 PBS J A 2.5%1% —
P e M, 4°CHE . R R, TR 3K,
FEF ACKMT, SBEWK o KR ST Bl7E 35 57 10
i, RE AT KRR AR SRR N, T
4 10 s SRJE M R BT gL
1.2 REW A5 R

Sprague—Dawley (SD) KB 54 H, Johe fig it
& (Specific Pathogen Free, SPF) 2%, ¥ Rifitt, 84
A%, IKE (315.27+3532) g, SLWENY4FAHES
SCXK (#5) 2016-0010. >R FHBEAECTZFRIEK shH) o
R34, 18 H.

10% 7K A5 &l (3 mlkg) BE IS RRER, A0 BiMOZ [
E, BB, ITEE L em W10, SEEUIRR MM
DREL, YIH4ESs . IEFMIE3 A,

PG RERRIE T, BURIE R BT, BEE4m
B ), FHEE P LB, Hil 4 mm 5 BERSE
Bl LHRAAMEA CPC/IFG; STHL4H M 4H A A CPC/
FG/BMSCs X %2 ; &% & 4 HH A CPC/FG/MGF/BM-
SCso AJEHHMHPIAZR, WREXRWES . K8
B 11 A A 1L o
1.3 WLFE bR
1.3.1 KAk

WMELEN Y —E L, Thea ARG 4. 8
Jil, iR SE S, B S8R R ISR ik
P TARTEZS
132 Bk S5

TR BBAEAANRG 4 A 8 J&, i EREAb 5
sy, AR EEE X &R, KM Lane—Sandhu #21%
PEOARAE (12 204D ™, BB B Ak 45 i A 1%
¥t o Lane—Sandhu 521313 bnifE (12 434l , BB
e 04, BB 14y, BIERLN B 25%; 2
a3, HIE RS B 50%; 3 4, TR R BB 75%
44, BRIk E . g 04, BT
Wis 145, LIS 25, Bk &
WG 04y, RWHBIE; 17, BHEIEK; 2
gy, KUEYEIE .

1.3.3 #2155 ALP fudif
B E AR . S . K, A, 9
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il 5 pm AR, HE et SRR B Nilsson 21
ZULPP PPN B IGO0 Y YT 5 wm A 85 D)
KRV ALP HTfA (9&[E Abcam, ab6735) #i
Pt fe/ LI FH 78 G i A AR A TR & (Dako Denmark
A/S, K5007), #U1R BRI SUEBSE . Puikde
& YL WK R B R 3R T ALP S 20 Ak Gk
0, 7E 400 et M sk A, g R ERgil i H
FrIX, SR Image—Pro Plus 6.0 248l & H b5 X BHE
BEARBEERE (integrated optical density, [0D) . 24
K 1Y Nilsson 2122 0Po0pniE (12 230ifi]) . A Z1220F
SPWUE, B 04, JoEi; 14y, DEER: 2
gy, WEAEREN 30y, FEE; 400, WL #E
e 04y, T | oy, S 25, YK
i 300, BAEYI; 400, SEREE. HHE: 0
gy, UIBRES/r ToEtE; 1. PR ERE; 2 4,
M 12 W s 30, Z0ERE 400,
B

14 BeitzEomik

1.0 -~ CPC/FG/MGF

o -4 CPCFG

0.6
w
P

0.4+

0.2

0.0 T T T

0 2 4 6
B ] (d) ®

K1 SPSS 24.0 BAF#AT S0, THEGORIL
XasFon, GORMTFGIERS T, din] HBeR
Bl EANT, WM LLECR LSD ¥ WRARF A IE
AR, SRR . P<0.05 h 22 %A Giit
-9V

2 # R

2.1 MR

CPC/FG/MGF 5 CPC/FG I MTT 354G 45 5
UL Ta, POZLAHRIEEE R OD (X5 Bl B [a] 4 A% ifi T
i (P<0.05), %5 4~7 d, CPC/FG/MGF #1141 i
H%E OD i 2. =T CPC/FG #1#F (P<0.05).

CPC/FG/MGF/BMSCs (& 1b) Hl CPC/FG/BMSCs
(F 1c) XA UL BMSCs 768 2248 N34 51 50 A, AE
BHENIERAEAS, OB S, o K 5L 5
FEIT CPC/FG SZZEMPARMFLER T, A LB b A K
By, CPC/FG/MGEF/BMSCs H ] WL/ 22 40 i 32 422 i
Fo

El 1 HAMEHRSMETZE SR 1a: BMSCs 7E PRI SZ 208458 1) MTT K2l 2558 1b: CPC/FG/MGF &2 & A BHERN BMSCs J& Wi

BB (400%)

22 RiRWEE

A ORISR Abe B B AR T 3 h INH e 4
IR, RMBIET . IR TFARIE 1R AR A BT
&K, REIRIEAME LR ; REVIOE THAA,
J5i 2 I R TS, TR BhIEH .

RIGH 4 8, 3 AEBHR G H LR er 4
WAL, SIEW 5 KIER Tergakidssz, |
Bt XA R B AR S AR I SV, A R
B, RIFH 8 JH, X 3 4R RARIE A MEtsyn] Il &
SR XA B A, B PR OE 2 R
B, Y (K 2a), Mgl (E2b) sh R
BT, A7 S T AL (8 I 1 2 S S R 2724 PR 240
SUHFE THAR X3k 14 A L X i A, nT
DL X 5 14 R A E SR 2 i e, JFE
kB ALY (K 2¢).

le: CPC/FG A HHRHER BMSCs Jo Wi 48 L BT L2414 (400%)

2.3 ARG
TR 4 R EPTEIEWT L, BV
e (B 3a), 8 JEIBFEAAC AR, A& E TP
£ (K 3d). ZZRaEd 4 FMEirgsme, i
HHEA (& 3b), 8 JEm WA D i i, i
Prfim, saEARm, RIWEMIE (K 3e). 2846
H: KRG 4 FIEPrEERN, BAMBSESIER 54
LU, Wis o] WA EEIE AL (8] 3¢), 8 JEIT T
il BRI RG22, BB S, BRI, AT
ULER o5 B I RS (1 36) o Ui A4 45 SR WL
T 1, 4 FBE G AR5 S AN A ) 22 5
TGttt 2 L (P>0.05), H¥REm T RA R
55 (P<0.05). 8 BV KRIR N, 28 A 4>3 204
H>LHA, MR ERIAERITEE L (P<
0.05).
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K2 =ZHREARG 8 FPERMIEE  2a, 2b: SR N SARANEBLH G X AT 0] LT 4R A ZFH AU SE 20 B0 B2 R

52 XTI o e R IE

SR

R 4 F

AR

)

K3 ZHAREREI, AR5 8, AR KRN ol W Brsk i B 2, (Bl G4 E kS, Jfrl gy

2.4 LK ALP FiE AL IS

LG FEE, 4 AR, TR BRI
YR SR S A HERCE A2V s SR AN A 3=
LR WA 1 A ) BsF ) 2R i B
fb; A4 FERIONEF AP i E ) B E i
HYEE AL R E AN W E B . 8 JEI,
b S NS T EAE = 81T N L E D B B
2084

£ SR PR IR AR SIS 2R
AUB AR, M EMAUE SR, WEE R
DLARBICRR, [ ] WL o0 52 5 B A i IR AL
HAUEP IR 1, SARE 4 FMHLE, RJF8 A 341
PR N (P<0.05), AR TE] AL, 3F53 s
KT . R AH>SSIRMMI >R, ik
AL E X (P<0.05).
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ALP s HAL LRl 4. 4 JEI 3 433230 M o
PR ( 4a~c); ARJ5 8 JEIEAT I, 3 41 s 4 4k i
NI —EFEREG (K 4d~0) . EBOHEE R

1, AARNZEFE] S 10D (i BRI . @2 A4
>HHMILH > R AH , BIKERIAHE G FE X
(P<0.05)

F1 3ATIYKRNER (r+5) SHE

€S A (n=6) TN (n=6) 2E4H5H (n=6) P{H
Gy (41)
41 0.83+0.41 3.00+0.89 4.83+1.72 <0.001
8 Jil 2.33+0.52 5.17+0.41 9.67+0.52 <0.001
P1A <0.001 <0.001 <0.001
AP0 ()
4 0.67+0.58 3.67+0.58 3.67+0.58 0.001
8 J 2.0020.00 5.34+0.58 9.34+0.58 <0.001
P1E 0.030 0.012 <0.001
ALP fEH: (10D fH)
417 4179.75+358.83 5417.79+428.07 6 560.29+498.51 0.002
8 JH 3217.47+222.26 3851.00+71.21 4193.93+150.87 0.001
P1H 0.017 0.002 <0.001
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i e ST AL 5 S FEE s e PR e
FAE . L - - e F 3o

K4 ZHRREEHL ALP e fbde il (200x) METHALMA, @EGHAR 4, E&EadRn L7
Fr BT WL B2 B e A, AR B TG AN 5 s RS 8 A, B A MR R TR b T DL ARA 4 SR, A2 Y PR R

5, SRR KSR E SR SR A PR

3 it it

ARSI R MTT 76 2 12300 5 S 200 ) 1 i 4
ML RE S, A5 H R B, MAERR A S A5 4~7
d, CPC/FG/MGF FHk Bt 200 it () 41 e 38 58 OD {E 2
T CPCIFG, 75 MGF [N A REGSE 3k i BM-
SCs A KA B BIAE T o 34 [ N Ah 24 B iF 5

o, WA T MGF X H 2B Z R0, Yi
S 10 S MGF R o f A i ke 5 . (R IEHE R
YA ) P AT b B AV B P A AR A K 5 1
S EEEEAER; M Jing 55 "I, MGF HEZ%
IRXF AT AR A e EPERT, R B — R
JE A A0 PR T R A E Rk R E R . 455
AR HT A 2478 MGF Rl BE4E A —Fh P 7 (1)
HHLWER AN, MRS 2R A B A i
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FEIMA MGF 1R MBI A KA. ERBWE T, 78
CPC/FG/MGF 5 CPC/FG 45 S BEMP R TR IR &
IEEH AL BB RN . KB BMSCs 75 S 2Rk
A, g E, A LN A KRB, XL
5 ABLAEIR CPC/FG/MGE AR A Fh— 40 Jfo 2 A4 1) A=
MR OL T, HALBRR AL 555 5 A L ARG BT
FIEGHHE Y 5 R IB T EIRA RIS
ARSERE TS A T ORBEI B T RBESETS
JE TR B PR R i A A, 3 R I L kA
K, RIBRAHC BE R T BB PRSI 1.5~2 f%, LA
SRR B SRR A ] BEASUHEEALIAR ) B AL i 2
B, iR A AR R B P BT B iy 45
R 0 DR S B R S, T AR SR AN
R B A DX i A B P i 4 1 A2 BV RTIE IR T
Ty B R, T ICR B B 1 58 28 5 R I 58
B2l S A AL A R PPN B B
RE B e e =, XA ATE— @ R EORIEIZ
SIS AE R AT RENE . AR RYRIE S, MGF XKk
) BMSCs A {27 itk e AR s A 4B, JF B =
BMSCs Z3 0k i s, ABS2ifd ] MGF 7 &40+
ANHA, MGF TR 25 5 76K N B 7 B % i iz i e
i, MELATER B Bt R v 3800 & 44 HAR 375 T
HYEM. 530h, W TERBNFEd, $4 MGF Jo
B SR WIhRE, R A AR BT A S AR
Bt e . AR SRR CPC/FG/MGE/BMSCs
BRAMER BTG HHA TR EOR, ZIREA
THBHEM L,
S Ak
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