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Abstract

In order to construct a bone regeneration scaffold that different growth factors controlled release
at proper stage, Trypsin (Try) was selected as the model protein. The composite of sustained-re-
lease microspheres and biodegradable porous scaffolds was prepared in this study. Firstly, Tryp-
sin-chitosan microspheres (CMs) were prepared. Then, Trypsin-CMs were compounded to the na-
no hydroxyapatite/poly lactic-co-glycolic acid (nHA/PLGA) to build a scaffold that could release
growth factors sequentially. The results showed that the Try-CMs were spherical shape with di-
ameters of 4 - 10 um. The encapsulation efficiency of the Trypsin in CMs was 61.33%, and the
loading capacity was 25.699%. The prepared Try-CMs/nHA/PLGA scaffold possessed 100 - 200 pm
pore diameter, 53.24% porosity, 7.31 MPa compressive strength, and 19.92% degradation at 8
weeks. The cumulative releases of Trypsin from Try-nHA/PLGA, Try-CMs and Try-CMs/nHA/PLGA
scaffolds were respectively about 57.31%, 69.32% and 26.03% at 48 hours, 77.89%, 85.73% and
54.53% at 14 days. The results demonstrated that Try-CMs/nHA/PLGA scaffolds had excellent
drug sustained-release performance, which would be used as tissue engineering scaffolds with
protein controlled delivery.
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AR RE B (Try) MR EH, BREEERMERES TR XERE S, W REREBARE
KEFREHARATESE. BHE, H&EIREOBHTREERNIR(Try-CMs), R)ERMIREHKZER
KA | BEE 2R (HA/PLGA) B — 2 ML BAIRE, @R TR - A5 THRE S T 25 &£ Try-CMs/
nHA/PLGAE A 4. S&REW, HIZMNTry-CMsEHNERE, RBEHMHEI~10 pmZ [H, BEEABL
#EHN61.33%, HEEHN25.69%. #]&HITry-CMs/nHA/PLGAX & 3742 5100~200 um, FLEEER
N53.24%, HiERERN7.31 MPa, 8/F &M EH19.92%. 48 h, Try-nHA/PLGA. Try-CMs.
Try-CMs/nHA/ PLGAK & X 3 B MBI ZE 4 5157.31%- 69.32%M126.03%; 14K, Try-nHA/PLGA.
Try-CMs fll Try-CMs/nHA/PLGA 5 & X I R 1H B M & 47 5l 8 77.89% . 85.73% M 54.53% -
Try-CMs/nHA/PLGAE & XX EHHMRF RIFNERIEM, ARENREEORLGMERERANA
HITEIE.
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A SEE VAR AR VBN AR AL 2590, S R AR TR N e SRR R P il & Try-CMs,  Fi4& R — (1 b 431
¥ Try-CMs # N\ nHA/PLGA 3724201 % Try-CMs/InHA/PLGA B &3040, 8 = Fhii ik b 8 (G B 1)
FEIURETE, UM —Fh Ae % DAAS [ SR U K R T 1 3k R4t
2. RS A
2.1. #

FoRPE(My = 25,000, it ZBEE > 98%, Filfi 1), PLGA (FrEfNEAY THEARAF), BEMKA
(FTHT7), Trypsin (218 Sigma A 7]), BCA R & (R 5 & A4 TREWTF 7T AT)

2.2. Try-CMs BI%I&

FREX 0.2 g 7o 5HE, T 2%k LR, Z9KEN 1.0 g/, &, 75 pH (% 5.0~6.0 &H. £
Try TR NN PBS WEMRECHI R TAEW, B 2 ml FERBAW, IINIER Try TR, FrEukintiise,
[F I 2248 0 2.5 g/L [ = SR BEEREH 500 ul, 4k&LE 774+ 10 min. 10,000 r/min I 250 20 min, B30
VE T 4K PR 3 8, B0 T2 LIEW, HA BRI R T, —20CIRIF&H .

2.3. Try-CMs/InHA/PLGA £ & X 0%

PLUKRL P AEELA, SRR FIE - A% TIRE A T 241#% Try-CMs/InHA/PLGA B 437488, 1%
il & BALFAIVRL T o RS, ERIFKIIMIER T, BRA R 515 2308 1 vkoR - H
SYRETRTT 43 fa, JEHL 125~355 pm RSTEEUKRL 7, &M . ¥4 0.5 g PLGA % T 5 ml & H ki,
Fic B 10% (WIV) FIVE R - i PLGA 58 B R 5, N 0.1 g FR3Em K A7 , 75 4 Hid8 20 BN NGE & Try-CMs,
TR G K ERIB AR, B RN PLGANKRL T = 1:9 IMAE B T, WA ERET
FWR IR S, KRR E T WA RIS FE e VRES Ja s, AT 48 h, B3 Try-CMs/
NHA/PLGA B &4,

24, ERBEREMNESIRESNE

¥ Try-CMs B S B, Wid, WSRFMERIIRTIEH . B &S 63008, Bid 5 Mg
(JSM-5900LV, Japan)szZ8 &R LSS
2.5. WEKEHEMEEFRNE

¥ Try-CMs #RZEREIM T 4°C, 15,000 r/min B0 45 min, HUEJER, BCA a7 &l Ui & 1 g
EARIRE, THEMERAE RMERZGE ., HYE 2010 FEi (hHENRILERZ) g, SGENg
BRI T AT

BB = TR b BT B 1 24 HE /RO 1 5 5 < 100%
35 5 = BokL AR A 10 24 1 ok R A 5 R A A 1 A 24 1 < 100%
2.6. ST ZRHE N E

B FE 25 BN AR 5 mm, =1 10 mm Ze A5 0 AR A, BRIKAR LA 20 2:1 BObR e & & A0 RHAEE,
7E 73 BeAHL(H 4 SHIMADZU AUTOGRAPH) it AT 9 R 5 BE K. PA="ME o —4, 508 IR0
ITFEN 25%, FIEEEEEHIE 1 mm/min, 7£ 25% HTBIRLFE S, B R sm 1L e s E s ik A
ZLMNTE R 48 25%3ch T HP B KPR 5 RIARE S BB o = AR i PR 58 38 P B D i R P R B
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2.7. ZERFLBREME

FREREM T EICH Gy, WIEREMIOKEE L Z2B1E R, BRERIN VORI, SKEARBA
BRI, RIBPRRIAGE R e BULAES, HIBARFRINK Y, FRE, TREILA Gy R
ARIFHILEE: £=(G,-G,)/p,nR’Lx100%.

2.8. TEOPEMELIE

BRE S BN E RN 5 mm, EEN 10 mm 224 A, FREICH My, RIET pH 7.4 1 PBS
o, HREC, SRR AR AMENE, JBON 50 mL B U, AN —E &K PBS IR, N 37 CHEIRKIBREIR
Wo Al TIfE &0, 1, 2, 3, 4, 6, 8, 10, 12 JAHUFE, ZEF/KMBE, HTEHREILN My, HRIEA
T E R
L =(M, —M;)/M, x100%

29. BRERABFIMNEREE

K5 R — 52 &1 Try-CMs/nHA/PLGA & 43222, LA pH 7.4 ff] PBS 100 mL AR, BT 37°C
TERPEIR TSN . BERE— B AT ECH 1 mL _BiE, JReh S0 PBS, ) S il 7] sk il &5 A
R, HHEABECE.

3. SCIR4ER
3.1 WEKMEASIIENES

w1, Try-CMs JEAZMNMERE, RIGHE, KADLEE—, HERASAEPTE 4~10 um 2
|, “FHIRiEA 6 pm.

H 4% 152 A S SRR THHLRE 2 7L, FLAR B0 A6 £E 100~200 pm, FLIKER M, BA B fLBE =,
LK 2.

32. EAXEIRENMMERE

ANFEE &I HA X CMs/InHA/PLGA B A SC 2R MPTE &R FLBE R s m, WLk 1. B HA & &
BEE R, BECARMFLBR R BE 2 B H N, PR 2 B ETE K. 2 HA & &8 5%, BA 4
HIFLBE R e hh 71.44%, TiPiESRE S/ NA 6.19 MPa; 24 HA (14855 20%t, 437 3L %N
41.05%, PLEGEEE N 8.25 MPa. ZE 55 e 1B E MBI FLEBR R AN PU R SRS (52, fR&iE A HA &
N 15%, CMs/INHA/PLGA & & S 485LB 3 A 53.24%, HiJE58%A4 7.31 MPa.

33. ERBERIkBHENEHENE

JHR A A3 R N 61.33%, #Z5E N 25.69%, Pl HIER B BRI R 2 PERE .

3.4. EAXENEBRINEZERNER

BEA& PR TR e, SCAEPPRI BB W N . FRARRISE 2, 4, 6, 8, 10 AR, EASCAENE
Iyl 3.41%, 6.79%, 13.42%, 19.92%, 25.73%. Try-CMs Al Try-nHA/PLGA 5 & 3 48 OB JRU 1 fi
EHMAAEERBEIGR, M Try-CMsIMHA/PLGA FIRBEIMEA . 4 3, 48 h, Try-nHA/PLGA.
Try-CMs. Try-CMs/nHA/PLGA B &3 B E R4 7] 57.31%, 69.32%A1 26.03%; 14 KK,
Try-nHA/PLGA. Try-CMs Fll Try-CMs/InHA/PLGA & & 3 221 R TTRE I 737128 77.89%, 85.73%7F1 54.53% .
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Figure 1. SEM micrographs of Try-CMs
1. Try-CMs & SEM B/

$4800 5.0kV 9.3mm x500 SE

Figure 2. SEM micrographs of composite scaffolds
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Figure 3. Cumulative release of Trypsin from Try-CMs, Try-nHA/PLGA and Try-CMs/nHA/PLGA scaffold
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Table 1. Effect of HA weight on CMs/nHA/PLGA scaffold properties
= 1. FEREBRASES CMsINHA/PLGA X Z22M FREVSZNE

HA & &/% 5 10 15 20
LB /% 71.44+1.2 61.81+1.3 53.24+1.2 41.05+1.4
UL SR EE/MPa 6.19 +0.08 6.83+0.10 7.31+0.3 8.25+0.1
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21 KIsf, Try-nHA/PLGA. Try-CMs Al Try-CMs/nHA/PLGA & & 2 421 BB 2 11 4 80.24%, 86.05%
1 61.56%.
4. g

EFER. KEMMEENERZHESES, AKETFRREERECEZ. KK 0ER RN
AR A KA REIER9]. N T 0 KIEAFAEKEF AR, FEME—M%
BEMNERE RS, AR M8 — 2 BT IR RTIRU 8 5 AR K DR 2 B 7 B RE AR, AT S A i A K
Ao, ARUEHEHLFAGE . AR REAR A& LT ER10]: BA RIGFHAEMMARME, ER
HALVERR (AN TES. HUBGRIE . FLERRE), MM EABENCE RN, RIFKED TR
fR P R R R

SEG )4 AR G =R AR R TR R . HA R PLGA SR AE ) 2 AW B
MM R 10]. SERBE[LLR R M FAR, FESRIET AR, BA RIFIEYAHZNE ., o] R,
555 90 M S A N A BURTENL R 2 F R AR BAR R, S 5 51U S SR o 4 58 SEME 1l 2% AR 24 1k
AT DLk B 25 D58 I s AN IR H 1), 2 — A R IR RL . AT T 45 1 Try-CMs il £ 7321k
MRS AT, HEEMEL, HflS &R JoRE ORI, BRSO RR FE M CRUE A K PR S A (R A
AEPETE . SIS P A ARG ORI ASRN, DaiE e s, ToRIE, TMERRAR AR, £E 4~10 pm 2
i), PR 6 pm, HEAHRESERGEMOE S, AR, FIHERES. PLGA il T,
T, BA VAR AR, RN T2 AARM TR, BT =RBIEFR NN
I AR AR AL, DRI R 25 U S AR T iZ [12]. HET, PLGA AR MM R C bk FDA #it
HEH T 2905 548, 4 PLGA il & A K N R,  oudt 129 n0%mik Tk, vRah 1 7 AL
PR AN R B ER A, IR B TR B ), PR AR . R KT R
(i) & b R, AT DRSS (R AR K DR 7 (R P R AR 2 ) 1B), S5 1% PLGA HIZ . o 1 Sl 4% 250
2%, SRy T Z5W R JIGE R o A S2I6 1) 45 1) CMs/INnHA/PLGA 8 & 52 385045 2 4341 /F 100~200 pum,
LI AP, REEWE B HSUE M ER . SLI R A AR T 0 R UK R AR B, RIR 3R
BEn G A RAORIEAE K F a7 LS B EELR S SO SRR B . HA SR as r 4
RSy, AMEEA RSN, i R A B & AR K [13]. FRATK HA FIl PLGA E & &3
28, FAMWEMNS . HA Geif 2558 5 PLGA SCAEMEHRBUEIREE, SKIGuEm, BEE HA S &G,
SCHRIPUE 5 B BE ARFLBRZR IR/, ARYE B S AR FLBR 2 AP R SR B ISR, HA 8 & 15%H)
CMSs/INHA/PLGA & & 37 38 4LER % Ny 53.24%, LT N 7.31 MPa, #NiE H .

Try-CMs/nHA/PLGA 54 B2 v ik 5 1 B HVRE IO 28 B 12 T Try-CMs i 25 1 BB (B T80 %6 . 48
h, Try-nHA/PLGA. Try-CMs. Try-CMs/nHA/PLGA & & 32 58 BT B R 435l 57.31%, 69.32%F/1 26.03%;
14 K, Try-nHA/PLGA. Try-CMs Fl Try-CMs/nHA/PLGA & & 32 32 () BBt 43 )~ 77.89%. 85.73%
Al 54.53%. 21 K, Try-nHA/PLGA. Try-CMs il Try-CMs/nHA/PLGA & & S 2R 1) SRR 43 3N
80.24%-. 86.05%7/ 61.56%. Try-CMs/NHA/PLGA & & 2L REME ] 8 i B IR MIMER . A selE
KA IR EB R TR

IR Try-CMsInHA/PLGA & 8 Bk R i I ZERAE L A 88 S AN [R) AR KBRS RE
NS R AR 2 B E Bl

E&mH
K AR R & T BT H (Y5 81401535).
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