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[Abstract] Objectives: To prepare composite scaffold and investigate its drug—loaded property, drug delivery
and biocompatibility. Methods: The porous poly(lactic—co—glycolic)/tri—calcium phosphate/anti—tuberculosis drug
(INH) composite scaffold was prepared by combining particle leaching and phase separation technique. The
morphology and the structure of scaffold were observed by SEM. The compressive strength and porosity were
measured in vitro. INH release behavior, drug loading and encapsulation efficiency of scaffold were deter-
mined by ultraviolet spectrophotometry. The scaffolds were implanted into the SD rats, and gross observation
and histology assay were conducted 4 weeks after operation. Results: It could be seen that the scaffold pos-
sessed a highly interconnected porous structure with the diameter of macro—pore about 150-300pm, and the
average diameter was about 222+23um, and a lot of micro—pores with diameter of about 10pwm were found in
the wall of intro—and inter—macro—pores. The porous composite scaffold possessed good physical properties
with 1.93+0.65MPa compressive strength and (86+3)% porosity and (66.73+2.65)% encapsulation. Drug release
process was stable in vitro and the release curve was smooth. Surrounding tissue was normal in vivo with no
degeneration and necrosis of cells. Conclusions: The porous composite scaffold perceives good biomechanical
properties, porosity, INH release and biocompatibility, which can be used as bone repair as well as anti—tu-
berculosis material after debridement.

[Key words] Bone tuberculosis; Anti—-TB drugs; Drug carriers; Poly(lactic—co—glycolic); Tri—calcium phosphate
[Author’s address] Shanxi Medical University, Taiyuan, 030001, China

AR R R BE R N 2 ETHB S i SR ESRR R W b EE R, e — O A
W, A AE S R AT e — S B > iy 3 20

EEWE  FK A KPS I H (4% :81071454)

S — (R A7 9 (1985-) B30 1 BFe ) 0 ¥ S WLRF AT, Hh 25 7 G T R
3% (010)66775051  F—mail : zsw8082091@163.com ¥, AT A ERAR M VR AR 5 e ok DX 2 W vk

JEIRFEH : DL E-mail :myzzxq@sina.com JEW, Xt T EAE A AR i AT A



o A A 2 R 2014 4EAE 24 4255 3 1)

Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.3 267

B AR R TR BT A% BT o T BR S Y Bl
B oA AT AN BT B ARE BN AR
R E WAL ) A b o, (HL B B B 5 S A | A A
o2 HE R N, HA (G RE 5E 1 T A (0 22
SRR s 2 TR — P A Ui s B
AT L MR A I i e 8 A8 40 144 A Y58 RT3 95 £ 42 1y )
M, FLR - CRIEIRY) (PLGA ) )& — 2K B A
AV RAFEY )2 PR T B RAE )
MORE, T8 Y Be 2 ST HOR A 2T R 5 rh gk
BT Z/ N Y, PLGA 5#i/R =45 (B-TCP)
AR — AR B E A RO, W PLGA 7£
YRR R RS T2 N, B
FUVE Ry R Bl T AR s 0BT, R aE A A
ML RE 28 2 W 76 R i 1 R G 2R B8R L 2 4
AR B 7, A 5885 P45 % 259 5 00 WF
(INH)# A %] PLGA 5 B-TCP & 4 2 il 4%
BT EE W 5 A S A ) 2 B2
PERE . RECME BB DL B A P 2 2R 25 1 45 T X S
BT

1 MR5AHE
1.1 EEME Y

PLGA (70/30) (1 IR} 2% B Ak 27 B 53 ir £ 41 |
JEAE 5 ) s B-TCP # 7 ( B EGFB A w] )5
B (v T 2 B R WA B T ) ARSI DL K
Al v B 3R 4 2 Sy A A A A R BLAE SD KRR,
e R B, IR T 250 A2 A7, H A JBCZE 309 B BiE 52
S sh Wyt
1.2 PLGA/B-TCP/INH & & 41 il %

2B SCHR R FH A 43 B R W 8 % 1 A8 1
el alifb 5 1 PLGA 4% B TE Lo ] & A 5 S FF
ORI RE 12h J5 A S PLGA %5 BT 1Y B-
TCP #35 \PLGA/B-TCP &L J5i i 4%1% INH, $it$f
Y518 iR e BB . A 60~80 H Y NaCl
(NaCl:A P =211, Jo3 ik Hb ) , PR ML A 40 1 ki 3
SRR B AR (IR BT AR f B HL
S RE R R THE 24h, iSRS 28 L L
FoK¥E 2 NaCl, &R 1h #e 1 %K, HZEH AgNO,
ANBERE i NaCl W1k o SR ¥ AR EC2S T A
4°C KA H RGO AF LA Al
1.3 54 SCHR MO0 S5 R L B 3R I

¥ PLGA/B-TCP/INH & & X 42 V1 1 A )
DL RSB RS A, B4 S (E-1010

Hitachi Ltd.) W14 4030 75 £ 4 b 1 W i
(SEM, JSM-6700F ; JEOL Ltd.) F WLEHOWIE $i .

PEHL 50 % T Y SEM BE R, BEALHHEC 10 4~ LA
AL, B FLAE R Dy i R =R ALY
H&E, Pragss R st e, A 1E 3
PLGA/B-TCP/INH & & 3Pl KN, &2
B SR AL B R 5 SR FH SCHRAR B (9 PR FRHERR O
T O, O % RE L T 2 RO 30°CTE R K I R
30min DA b, B85 B T4 K S5 Y &
B S AR IC O M1 B SR BRMIBCA Hh O il
25 30min VA 11, #Mi#5 & BE A TE IR K
30min, ¥ B 1H € 5 B 8 T PRE IC o M2, AR
i M3 IRBUR VR, CEER R A
6] B J7 B A3 5F 10 p, FLER A p=1-(M,+M,-
M,)/pV
1.4 55 3CREY 2R E

W WA U B SCIRYI AN Tem, =
S 1.5em (B AR Gl 2 B 2 I B
(CMT4101 ) M S 48 1) s PR B SRR . TR
4 N Imm/min, AERE S EL 10 A SEF 700
I R H A
1.5 HG3RE 250

Bie & INH 0.01%~0.001% i) PBS % & , il
FE 0.001% ,0.002%%5 10 > B 1 1) 52 71 B 3 1
0.1040g INH & A 100ml 25534, Ji A 100ml
5 12 2% vp 8 (PBS) H , T A% 1040pg/ml 1) PBS %
W, BOZ W 1ml 43 51 BC AL 104 g/ml 78 g/ml |
52ng/ml 26pg/ml  10.4g/ml  1.04pe/ml 1 % W
D 7 25 W P35 5 1) 5 M ELEE | 25 ) INHL 7E PBS
MIbRAEIN LR . DS A S R B R ORS i 3
0.0001g), HIk & S 07 I i 5 A — % & (1) PBS
PEFE 51150 24h,(F PBS S &M 02, L2
VARSI 5 28 A ' B AR HI o oA 1 e R e 1 4
EEWR g N7 A INTTRA N ok T S Rk 2 R
BN AR =S 2 i SR R i x 100% , A Ef =
SR R R HEX100%
1.6 525 ST RO

B02g BAXHETFTHELETR, A Sml
pH {6} 7.4 (1) PBS ¥ . JHE 28 K L 32 48 v
25 AR PBS I W b e 0t 0, R
EMARKBEER S T 37°CHEB B IRG & =5
EE 5 TR 3d 43 A B BT TRAR SR S
#NFE Sml (1 PBS B N, W@ LA R



268 PE AR AL R 2014 AE5S 24 55 3 W1 Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.3

P b e 28 A RE A f INH & i I AR [A] O
AR, BBUBECA 43 BRI AR 2 25 I TE 60d
W RS
1.7 HEA SRR H LA E L

HU6 HSD KR, 2% 0 1 B L 2 A kA7 I
S JRR IR i T 5 -8 b, A JRE B M D i Ak
BTG T, VDI R B i R 5 5 B L
(5 FEAb 5 3B A 5 B, G SR e T T 1 S
VI /INEHEF B LA 2Z 8], B 245 R 5 5 %6
MR H S S &R Frek 3d, T 4 BT
SR 2 A ALY, 10% R, W
A ALHE HE Yo, S B0 N U s gl 44
it A5 A A B
1.8 Seil=#ortr

K SPSS 19.0 FAF AT 43 1, Bdis LA A £+
PR 2R

2 H#R
2.1 BRI SRR
il 5 B2 A SN E 1 Fros, SEM g% 3
ST e R S S ALK FLBR A A R Y 5T 1
ALY JE AR Wl A ST AL, AME £ iR
PRI, KILERL 150~300um, FHk 222+
23um, /NLER LN 10pwm, [6] B 78 37 4 fLBE |-
AEWLZE 3] TCP ks (K 2),
22 EABRMNALBR R A Y 1A B
YL RN (86+3)% , UE W L ZE N B A
WA SR AR T R S R R A
1.93+0.65MPa Fl1 2.17+0.35MPa, 54 i 5 LL RS A
A

()

B1 AP 2 SEM MK &SRB LUK, E AW BT EARL a RAWE( x100) b &
M ( x1000) , 1 3k BT 45 23 B-TCP kL
Figure 1 Macroscopic view of PLGA/B-TCP/INH composite scaffold Figure 2 SEM images of morphology structure of

23 HAEXHBEME YR

INH 7£ PBS %W 1R ARG R 262nm, H 48
SNSRI WL 3, D2k B (C) B Ak b, WO
& (Abs) MY\ AL bk, £5 5] INH 7E PBS & H A9 5 A5
FIFNZ LA itk (K 4) . HUR B el & o7
2N :y=0.04076x+0.05135 (R?=0.99896) , % 41
INH (484856 BE Sl 2.937+0.451 4% A 2R 1 5
TR YR, M 2 A SR 2 R
H(2.67£1.35)% , 55 (66.73£2.65) %,
2.4 4TS H INH B AN i

WL 60d, HZh G R iz S 4 RSN i
BRECPARR RO R B (B 5) , A — %R
BEELG: AT 9d BEUBIUE 48.04% , 3 30d A A 4
SRR 80.82% ;60d I BRI 85.56%
25 HEABRRN AU AN

SCHRE TR EVLIA (] 4 8] J5 OB PR IR 0 2% 2
MEC BN AL, R EENHS 5 X
S AL L ARSI U S T i - R S A
Ras R Eon, WAL R o FHab B B R
i SN (] 6) Ut BHAE W AR 2 R

3 itig

— B TA SR I B A T AR i 30pm 128
B, (H A FLBRGA B 30% LA I, 2S5 BR 22 18] A4 T
PIME ##, LA KT SOwm I A4 | T4 o0
YT U AR B 5 i 45 1 S AR FLAE S 150~300pm
FLBRFE N (86+3)%, Al ik F| bk iR &4 L 4R %
VER N T U EA — 5 WA 127 5m B, 2
FARBAERMA G N Z . (BAE HE R
o, SR R S LR R — X P& B 1%
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Figure 3 UV patterns of INH and PBS solution indifferent concentrations (a—j represent 0.01%0—0.1%0)
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Figure 4

The standard curve of INH Figure 5 Drug delivery pattern of composite scaffold Figure 6 Optical microscope for

histology observation of 4 weeks after operation,

inflammatory cells were not observed at the contact surface between

composite scaffolds and tissue, degeneration and necrosis of cells were not observed in tissue sections(HE x40)
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