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Relative biological evaluation of hydroxyapatite nanocrystals surface-grafted with L-lactic acid
oligomer/poly(lactide-co-glycolde) cultured with bone marrow mesenchymal stem cells

Tan Yu-ying", Zhang Duo', Li Yu-xin?, Sun Ying?, Xu Yang?®, Li Chun’, Jin Hong-juan’, Shao Ying'

Abstract

BACKGROUND: The hydroxyapatite nanocrystals surface-grafted with L-lactic acid oligomer/poly (lactide-co-glycolde)
(PLGA/g-HA) composite material is preferable to good stability and favorable mechanical property. As scaffold cultured with bone
marrow mesenchymal stem cells (BMSCs).

OBJECTIVE: To study the bioactivity and biocompatibility of BMSCs cultured with PLGA/g-HA composite material in vitro.
METHODS: Third passage BMSCs of rabbits were cultured in PLGA/g-HA extract at different concentrations (10%, 30%, 50%
and 80%), and cell proliferation was detected by MTT method. Meanwhile, the cell adhesion and morphology were observed with
scanning electron microscopy.

RESULTS AND CONCLUSION: There was no significant difference between 10% group and negative group at 1 and 3 days
after culture. The cytotoxic grade was Grade 1 in all the four concentrations. BMSCs could stretch pseudopodium gradually and
adherent on the surface of PLGA/g-HA firmly. The results indicated that: (WBMSCs could proliferate in PLGA/g-HA leaching liquor.
@BMSCs have a good state on the surface of PLGA/g-HA. And we can apply the scaffold to bone defect repair, because of its
good biocompatibility and cellular adhesion.
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BHBY: WEEHERR T4 A Mt PLGA/g-HAYR SN 5 4 5 B9 40 i v R AE ke 2 1

Fik: FURER AT RER T4, SAREREEIN, MTTH AR INER R EPLGA/IG-HARIZE(10%. 30%. 50%-
80%)H i HEIE T T 40 Ma R B B v, DA B BB T 40 M A PLGAVG-HAZR T A b R LA e 4

HREHEL: FHIRE1, 3 dNEAERNRRERIBET B EERTARMAL, 10%2IHAF AL T REEE S,
AFPUR BRI MO0 R E I 140 P AR R B B B A T 41 e PLGA/G-HAR IER#T R, RN E, BAAEREH
TEEMAIRT . IR EPLGA/G-HART AR B 62 IR T A M RE S R AE M0, WIANMTE e tE . B BEEE R 40 M ) LLRH P 7
PLGA/g-HAR M A ER, HKRE R, IEMPLGAIG-HAERR BIFIAHAEMBEMYE, W1EABE BB E G4
THE.
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Percoll 43 &%
DMEM k577 f57-
Mk B A

Pharmacy, it
Gibco, £

IBMX. %%, MTT  Sigma, %[H

CO, A i 5%4a Thermo, [

M TS g RAE, FE

8 W Olympus, H#A&

50 mL k4N fRssR  Costar, %M

V3P Bio-RAD model680, [ 7
KW HE:

B85 E R T4 (bone marrow mesenchymal
stem cells, BMSCs)HI49 5. #&55: 1 S
TEGURVE 22 K H AR TRRER S N ALTE, o
SAE B B . B, BURRSCY A, Wik
HHERE . T HIDMEMM e Bl 2R (A, B
BE W N A Percoll 43 253, 3 000 r/min 25 .0
30 min, WHUPRAEAERAME, PBSHE
1 000 r/minE5.05 minf5, HIADMEMEEES. 3
FHAIHCE RI37 C AR5 5%COL A
WEFE, 48 ha B IRARERIR, LUGEH =Kk
W, R4 280%~90%H, fEfCHETE.

BMSCskiA S w. BUE2/R4l i, Li2x10*
AR O LU T, A3 A BT 7 SR R
T (HDMEMBETZEEE . A5 204 10% 16 4 137
10 mol/L b 2 K ¥4 . 50 ug/L 4k 2 % C .
10 mmol/L B2—H M. 100 U/mL 2 %+
100 U/mL%E % 25) F1 i i 5 55 77 i (LDMEM
BEFEEE L AR 10% 164 L3 . 10 mol/L
HFEKAA . 10 mg/LIE &2 . 0.5 mmol/L IBMX,
100 mg/LMIWEsE=r), &2 diil, MEdSE
F2RATIHRAYE, RIS SR EIRAT IR
Oy %5E.,

RS E . B PLGAIG-HARL BT Rl K/
320 mmx20 mmx0.5 mm({J1E 7/, BiE ok
MUVIE24 h, 72T ECA70% 2
Wik, SRIEMIE G2 2,

MR IR A E & . ¥ PLGA/G-HA
10 mmx5 mmx5 mmzAR, $ls FHE AR B A
PP I B bR, BDRPRLR TR (om?) B8
PERAAFU(mL)=3 : 1323 ADMEM&; 32356, i E
BI37 C, B ECN5%CO,F5E W48 h,
BRI 10%, 30%, 50%, 80% 4Fhik /s,

w54 CHEAERM.

MTT;% M EBMSCs7E =R P asigmE 1t A
KRt B[ 5 3 BMSCs i 3 £ 4x107 L1y
WA 9644, £fL100 pL4t fu e,
M CHEPBSEE, 24 hj5BMSCsItE A i5E,
Y S5 PTH LA, A RIAIRE N 10%,
30%, 50%, 80%#4 k=2 I F M DMEME;
TR, BHLIY100 pL, BAABE10MELL, I
WRTCART, B3R, 3 dJEASIN, B FEAAE AN
4 h, FALIMATREKE NS5 g/LIIMTT 20 L,
TN ARSI T4 his, W LR, A
150 pL— I AR 10 min, {45 @978
B, ONBERR ORI K 22570 nmil] AT,
It 4 R AR A ST 25 (RGR)

RGR=({Z 42 Aszo/ %} 4 As70)x100%

2 [ 35 [ 2 i K rhte N RFE RN ] [ 5 bR v
XA RLEEAT Y F(CTS)™™. 04(: RGR=
100%; 1%%: RGR 75%~99%; 2% : RGR
50%~74%; 3%%: RGR 25%~49%; 44%: RGR
1%~24%; 5%%: RGR=0. 0~1Zi &% 24
N2 G AT AT, SR 6 VP s 3~BE A A H

4 BB SE M ERBMS Cs 7E 1 ¥4 TR T A0 BT 14 K £
fa7s: BETEC 20 mmx20 mmx0.5 mmiff ok}
BN 6 FL B P9 I DMEM 3 75 Tl , B 348
BMSCsi#k 2 1x10° L7, 78400k%), WREL
100 LA MR B LR RIS AR T, TR TR 48
WIFE4 hfFEUHE, fFLIEIN1 mL DMEME: =
5, FBE1 AR, 15 7R3 dSE B gl s 7R,
I FFDMEM, MMA4%% B4 C R %2 h,
PBS & myk27%, 10 min/ik, RJ5FHELE 2
BRI 7K AR IR NAAR 53 5 T70% 80%- 90%
MK CEEH, BABERIES min, IEF S
T G, TR .

FEWEIETR: OBMSCsfEPLGA/g-HA
MRHE P T R3S E S . @PLGA/g-HAR B
K IHIBMSCs [ 3 B 0 & 2B K.

Gt F T mA—1E#E KA SPSS 13.0
WA e G A, B UxesR N, A
[ 28 53] () 4 FH B2 BRL 35 05 22 3 T (ANOVA), P <
0.05hERH BEMRE .

21 BMSCs#i M AFUWRALELET
BREALUREL I ACBMSCs 2 [T, ik
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EZMLERTE, BE NP, 2~5 dia il S
G, W Ta, JF 1 J R AT R SE AR, 40 % 4
T r] o 2852 1015 35, IMZLOGL @ T WAS R IR
WA, PE ARG n] WA AT, WEI1b, c.

a: The Colony-forming unit of
BMSCs (x10)

b: Adipogenic differentiation is
evidenced by fat globules (x40)

c: Osteogenic differentiation as seen by calcium conditions (x40)

Figure 1 Primary culture of bone marrow mesenchymal stem
cells (BMSCs) and staining after being induced
SIS e i IR fw i S = S i

2.2 BMSCs/PLGA/g-HAMHZ 3 7% T 4938 7545 I
W1, 2.

F A MTT ERIIA R R T BMSCs IS 1E L
Table 1 To assay the proliferation of bone marrow
mesenchymal stem cells in the different
concentrations of leaching liquor by MTT method

(xzs, A)
Group 1d 3d
10% leaching liquor 0.849+0.020 1.195+0.019
30% leaching liquor 0.821+£0.014 1.139+0.011

0.776+0.016°
0.732+0.021°
0.867+0.023

1.063+0.010°
0.982+0.035°
1.236+0.018

50% leaching liquor
80% leaching liquor
Negative

P < 0.01, vs. control group

F2 RAMIEIE 1, 3d J5 BMSCs AT IEYE %R K 4% 4y
/4

Table 2 The relative proliferation and cytotoxicity index of
bone marrow mesenchymal stem cells after
cultured for 1, 3 d by leaching liquor (xts, n=10)

1d 3d
Group
RGR (%) CTS RGR (%) CTS
10% leaching liquor 97.96 1 96.70 1
30% leaching liquor 94.69 1 92.21 1
50% leaching liquor 89.54 1 86.03 1
80% leaching liquor 84.43 1 79.48 1

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

R A, W N 10%IE B 4L B 21 5 30%

AR, ZRTEEEER NP > 0.05), 50%.
80% it AT IRAMLL, ZRAREEENP <
0.01), IEBH Evk FEM EHE AN BMSCs 1 7R 41 3 5 &
Sk, (AL ECTSEIZE14, fFEbruEE k.,
2.3 BMSCs /£ PLGA/g-HA #1 # & @ &9 %5 W % L
BMSCs{ESC AR HIREWE BB, T (0 T bl 2 o2 T
SCHMPRLR T, 0 AN R A AN )E ] LA
HUMANEE T, W12, U B SCAR A R 40 A Ak,
AT 4NBMSCs 5 5 4 45 T FL B 5 R0 =7 48 2 T AH X
AL

b: The appearance of BMSCs which
anchored in edge (bar=20 pum)

a: BMSCs dispersed inside the
scaffold (bar=100 pm)

res

d: The appearance of BMSCs
secreted by BMSCs merged into  which located on the surface of

c: The extracellular matrix

cell layer (bar=20 pm) scaffold (bar=20 um)

Figure 2 The scanning electron micrographs of bone marrow
mesenchymal stem cells (BMSCs) in PLGA/g-HA
scaffold

2 BMSCs fl PLGA/g-HA 425 & 1537 fa 4t i e

3 1t

AN ABPE 5. BT RSB E T
HEAEBE, NREHR OHEES A HRIER G
(E R B BN, AU A R RE, T RAS T
PR R R, FHRE T B SB0aTT R s, AR TR
M2 H 2P Tl R R A 7RSSR b, TESCAEM
B BRI, BA A MRess 4. BE5E R B
ISEIEAE e S =N

BMSCs & —Fr HA [ A8 fe ) A 2 1 434k e
T 40, TEARIMASE R3S S A T 1] 404k A i 4 i
WEdn . RRMTAnMe. WA, VIR0, sheadn i
st 2 Tl a0, £ ATBMSCsI1I4r B /77, Bourzack)
TFsE, e L ZNEEEY: . Percoll7y 8532, Ficoll /x84
1, Percoll7 EiE TS FIBMSCs% & & H T HivE s &
. BTLLSEE LR Percoll 7 B, sR1S 4N I 5 1 5E,
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HHE, F LRI EGRAIPLGA FTEL AT A TR T B &5 L= PO

SHALRE T RAE, AR ALY G B 7R 6 40 M B ik
Biab, K SEEMGRR, TIESE, BTU RS
MBISEHT, A B8 A 40 B (AL 2R R A 1 g 2 [ o

HA/PLAS &8 kL BT 2 B2 KA i it is 2
(IdEEE, SR — R HA/PLATR-S A ZE T, HASPLAJL R
B&fh, WRMEEhEE, RBALERE S, HAS
BEWEARR) A2 I BIRR, HAURR P APLA
TR, MRS kA, SEM RS
M,y E R B KR AL T IT & B PLGA/G-HA,
TETCHEALTNRIAAT T, R FLRRGA A 1 751256 1l 4 A ity
TR TR, RERAUERE LR SHAR VY 3K
IR IR IAIKHA, BGE T 9Kk 15 35 5A Rl
A AHA M, P& T RME A, HRE SR
s AN LR el 2,

AR R TR A RN B4 DU LA A O
PIREPS M o LA B sl AR =5 14 R R LA C 1,
ANEGIRRAER R T N . @i PR S,
OB AR R BRI . OBERI . ©FF
R ALE . ©RIYENE R S T, 418 TRER FH e 22
H FE A ANR, BT DA A e At 2 o B HL A 1)
A, TR AR S M R A LA R AT IR 2R M
ff TR . AU FIETE . SCRR A T IR SMNR R
R FIMTT B (35K VAN B B PLGA/G-HA 1) A= ) AH 2%
PEo MTT LG AR TS B UM 2995« 40 M 25 P 5
B AR A N AU Sz, AR VA A
MO, PO R A M,
AT, 4SRRI G N . BRI R K
T R B, BMSCsAEX] HE ZH DMEME; 753 b 455 77 I /) 4
K, gipoBoE RS TR, 10% B 4L 5 T 8 2040 o
MK AT, T EZER, ME50%, 80%¥R4EH
4, BMSCsiiPER AL, EFHEZEERX(P <
0.01), 3R B Rk FE KM R B0 41 i A Ko — s e,
BLHTn R . OPLGA/G-HARERL A o] BRAEARE, TR
{147 LI 22 M 0 i S R PR PR B, S B pHAEL PRI, 41
EHEE TN, @QHABEE TR TP NI, BTEK
FEHATCa™ . PP A 224 P, BMSCs I H 41
IR REE, B o AT PR AR L i R, B
PRIR I A R — 0 SERIE . 45 L FTih, PLGA/g-HA
TAEM BN EHL TR EYMRIE SR, TUENE
AR AR TR R, FBMSCs A £ [ 43
AWERE, 5ARR A S ] R B A2 TR 5
HEHEHIE, HCaplanZ!"L %, BHIIMSCs
AMXEEXS H P A R N R AL, I REARYE 75 s B AL 1y
AN Ak 2235 S i o AR T R IR . BT DA B AT
=, 254 BMSCs{IPLGA/g-HAM LR B AMYAY R BT
HHRA TR,
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