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Abstract: Silk fibroin nanofibers solution (SFFs) was processed through controlling silk protein molecules self-
assembly process, which were incorporated with vancomycin (VCM) to calcium sulfate (CS) for infective calcium
sulfate-based materials. Surface morphology of the material was observed using SEM. Structure of the materials
was studied with XRD. Drug release property of materials was evaluated using UV absorbance. Mechanical
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property of the materials was tested using computer-controlled electronic universal testing machine. Antibacterial

property was illustrated by inhibition zone. Cytocompatibility was assessed by MTT assay. The results show that

the addition of SFFs can not only effectively reduce the degradation rate of the composite material, but also

enhance toughness and water resistance comparing to water as setting liquid. And the compressive strength first

increased, then decreased as the concentration of SFFs from 0.017 5 to 2.1 mg-mL™. The results also show that

the composite with controllable setting time has excellent antibacterial properties and drug slow-release

performance in a week as well as better cell proliferation with MC-3T3.

Keywords: silk fibroin nanofibers; calcium sulfate hemihydrate; infective bone defect; mechanical properties; cytocompatibility
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Table 1 Proportion of components in composite materials

Sample Solid phase Liquid phase(SFFs)
1(VCM/CS/H,0) 0
2(VCM/CS/0.01755FFs) 0.017 5 mg-mL"

WO . a-CS(90%, whw)
3(VCM/CS/0.035SFFs) 0.035 mg-mL"
CSD(5%, wiw)
4(VCM/CS/0.07SFFs) 0.07 mg-mL"
VCM(5%, wlw)
5(VCM/CS/0.21SFFs) 0.21 mg-mlL"

6(VCM/CS/2.1SFFs)

2.1 mg-mL™’

K1 kR R
Fig.1 Size of samples

A% AR A E MTT 55555,
1.4 VCM/CS/SFFs By BE

5% [T B[R0 2, SR FH 448 R AN (L 96 4 B A IS 2%
A B2 w5 R R A4 B [ S ) 2R A (350 g)
F O JF 3 B R R, A Re v A I T D A B
0, OB
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HAEME BE 4 MFEERE, 2505 2 ARSI
TS EOHARRE MR IR 8555 16 h J5
A T B O

RS . KR A AR A BRSO @
4x3 mm IFE S B 5 AN B A S, AN PBS
WAL, KA B O R TE 37 CIE
4% 7 6 (SHA-C, 1 e AR A PR F), 100 r-
min? &%, 29T 1h,3h,6h,18 h,1d,2d,4d
7 d A EEERBC HUE A R [
[ 85 O A R 70 BT B A, AR AR T . SR ANt
FETHIRE S AE 280 nm MWL SERE 259 R b o ith
7 A=0.004 34C+0.004 36, ZPEM X R R=
0.998 9, X A FWOCEE ¢ HHEWP T EHRL
W (ng-mL™), AXEIHH YW E S 280 nm
Ab R B 2 ) R AT IR PE G R

UK BEMESE . KB HORHRR @ 4x3 mm
BIRE S RIS | 37 20 A 2545 22 B PBS 2% i A9
P, E T 37 CRYMEIRIRZ 48 11 (60 r-min™),6 h J5
B LE S AR BT ik ok i B R E A M
HRF R 15t PR BB, 3 A 52 30 5 1 5 A o TR S
A 37 CIH PBS 28 o il 1E R IR 9,4 R 5 I
g€

KA BRI S RE I AE 43 0l i 4% 6 AR
@ 10x15 mm B SR B 5 A PATRES , H iR
TR 21 J, AU I PR TS R, BT
fiE 1 2 AL (= R OL A ) R 0 R L) R AT
PSR B I | i 2 e S A 1 mmemin™, ic
SEAFEM PR R EE L IF 1R B A Y R 4

S A MR AR PE B D  MTT He ikl o
MC-3T3 4 il /£ VCM/CS/H,0 5 VCM/CS/2.1SFFs &
B RERE LA BB L

MC-3T3 FH & A # A 4 135 (15%, V/V) 100 TU -
mL" HHE 100 [U-mL™" # % % DMEM 5 5% 5L 11
SERRE IR BT 37 °C,C0.(5% ,VIV)IEALAE 24T
Kot , HERBRAIE 15 kGy K & 4x3 mm MFE &
A, BT o6 fLEE AR, R AR BN 2.5%10° mL!
AL 200 WL 20 M B 7 WFP 2 96 FL S 77 Ab kL 1
WATHE SR B2 d e —REE IR, KEFR 2 4 A WF, M
A MTT 20 wL, 4FZ255 5% 4 b, Wiy m A — H 20
B(DMSO0), JE 1 58 A0 W, B AR LIY 100 L %
WA A BT 96 FLAR T, 7F 450 nm 0 H O
T A B A I TR] ARSI 4 S

%5 4 d H PBS EEUE 2 UK, BR A il 2 D K 0 B
Y KRR SO 24 FLAR TN 4 CCTRA B 8
(2.5% ,VIV),4 CHl&E 2 h JFW i, H PBS ¥k 2
W, B 10 min, KK OERIIBE (30% .50% .
70% .80% .90% .95% .100% ,V/IV) MK, K 10
min, T WIS FEHR BT 1T 0EE
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A 283 OriginPro8 /AL B | R JH - ¥ {l + 45
E2E (xs) 2R, N SPSS 19.0 #4750 112250 07, it
i o 2 MRS 56 7 A B P (B G v o Bl 22
SRR, P AE /NN R B ) 7 7 22 5 19 7 g
PEREK , — DL * FoR P<0.05, fRRA B E M 2E S,

2 HRSIE

2.1 SFFs 52

WE 2, 2 Z KRG BN 15 nm, KE
3K 1.5 wm, ML ZE YK YE R A A E N 2.1 Fi
0.21 mg-mL™" [ FLRPORL G E K 42 5%
YR THRMG(E 2(a,b), M2 RAPKT 4T
WA HE N 0.07 mg-mL™ B | 22 40K 247 2 AR
AHEMG AN G LR RIR K E 4R
PR LT AERYFEAE (B 2(c)), P 22 R AR LT 4E R 2 1Y)
REAIS | £F 4 5 AT T4 19 43 IO | 99 K 45 2 1 JE 3 3%
W AR BT IR 2(d L e))

24 35 115 F B K BRN 3E K B ALk, HoAT 2540

2.1 mg-mL*!

100nm

0.07 mg-mL"!
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RS A5 I8 B, o3 4 R i R 2K X
EEAFAE TR A S 57K DR 737N B 25 7K X
TERCAHRNTR . T 228 PRS2 4.2, TP A
A LA, LA SR A 3 AT 35 B0 A AE R K
DX, PRt B B A I o 3 T A B R AT 570 R A P
I REE AE R W P DR IR X RS E ™, FE22 3R 221
WA R, 223 A RE MO AR 0.1~2 um MR
W Bt e 406 I 1) S I 22 2R LT AR AR R I AOR A
E R N 9 22 8 E 25772 EARAE 15~20 nm 1
AR LT YRR 5 R by T JROR A A B R A A
N R iR R DA G 3 Sl R TIPS
LA A O 80 A RE A, BT e A i SR 32
iy AEAE WP PR B ARUE TR RIS IR AU AI R H Ay
PR FTBEAR 10 P98 R A AN | TSP T 85, MR
NFERE LS v, R o 2 (075 D9 T A9 2 K T 4
K R Y 22 R AR EF 4 B AN TK
T35 L e SR R

0.21'mg-mL~!

0.035 mg-mL"!

0.0175 mg-mL*!

AN TR) R P 22 R AR LT SR SEM BRI, (a~e) IR 43 531 2.1, 0.21, 0.07, 0.035, 0.017 5 mg-mL™

Fig.2 SEM photographs of different concentrations of nanofibers (a~e) (2.1, 0.21, 0.07, 0.035, 0.017 5 mg-mL™, respectively)
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CSD 7E 127 CHLFIZE S 5 F T B K B i
R —1 a-CS, Bl 3(a)h CSD, W LAFE H,CSD R Fr
ARBHCIR AR, B 3(b) kil £ 153 2 -CS, H AP
JpkRtk X B CSD Bk R a-CS, MR TE S & A
TARE RIR SRR b R A B TR AR A A

Kl 3(c).3(d) N VCM/CS/H,0 VCM/CS/2.1SFFs
HEMEE) SEM B, BIdal LUE &tk
ghih . W 3 B BUR R a-CS AR T R

® L o

REHCR R, £ a-CS FKHEHEE L5 C &5
B CSD, 73 4 5 VCM/CS/H,0 #8 e, VCM/CS/
2.1SFFs B LA BL iR S B — 2, WRefIZ2 & I
MR | EIE I S B IR S 1Y Ca? W FC A 1R
753‘@23-2410

Bl 3(e,f) 53 51 H VCM/CS/H,0 .VCM/CS/2.1SFFs
BEMER EDS HLFRETS , N RETE A TG K 43 Al LA
Fil 2 RYOKRE Y SFFs IMA 2 5951 A
TRILR , XEURRE TR GA 2 RIKET 4,

T : i .7

Mass Atomic
Element fraction/ % fraction/ %

OK 50.0 66.9
CK 3.0 14.5
SK 19.8

Mass Atomic
Element fraction/ % fraction/ %

0K 54.7 65.0
CK 6.7 10.7
SK 16.2 9.6

Cak 17.7 8.4
NK

B3 SEMJES: (a) CSD, (b) a-CS, (¢) VCM/CS/H,0, (d) VCM/CS/2.1SFFs, (€) VCM/CS/H,0 EDS Fil

(f) VCM/CS/2.1SFFs EDS

Fig.3 SEM photographs of (a) CSD, (b) a-CS, (c) VCM/CS/H,0, (d) VCM/CS/2.1SFFs, (e) EDS of VCM/CS/H,0 and

(f) EDS of VCM/CS/2.1SFFs

2.3 VCM/CS/SFFs X S & 6755 5> #7

M a-CS IR UE X 55 A7 3 15 51 (PDF No.41-
0224) , & F BERFAE WA B R 14.72° 25.67° .29.69°
31.90°.49.36°, M 4(a) T LI i, il 55 1 o-CS 117
S AT G AR E R BT A I P2 O a-CS, X 5
SEM W45 3 —5L

4(b,c) /R T VCM/CS/H,0 VCM/CS/2.1SFFs
HEAEMEB X ST AT B, AR TE 20=11.6°,
20.7°,23.4°,29.1°,31.1°,33.4° 55 &b i L T CaSO, -
2H,0 M HF-IEAT 3T 16 (PDF No.74-1433), 7 20=25.7°,
312940 BT CaSO,- 1/2H,0 FRIENE | X FRE
G MEEAL S CaS0,- 1/2H,0 K435 7% 4 CaSO0, -
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Fig.4 XRD patterns of (a) a-hemihydrate calcium sulfate
(b) VCM/CS/H,0 and (c) VCM/CS/2.1SFFs

2.4 VCM/CS/SFFs i [ B ia] g il £

B 7K U ) e )5 TR B A AR K 6
F, U5 T ) R 2 6fF P A S AN B R BV O T s i) O
KAl ) 11 2 8 i [A) ) KT 2 5 A Pk g Sl 45
FAE i R [ IR An 1 5 B, FEAHTRD L/S I 451 T
Bl 45 22 RAUREF YU B R 350 & A b 8 [

X T A5 . 22 3R 28 4k /B0 TR 55 B 8 e i b Rk 1 1) o K% 1 g 495
% CIn,0 222200175
I Y0.03530.07
16 { D 0.21 EEEA2.1
]
4 i
£ 81 '
&
44
ol AN
1 2 3 4 5 6
Sample name

K5 Ra bR A

Fig.5 Solidification time of the composite

)B4 A, BE P 22 R AR LR R I AT LUAE — &
TR I 45 J A Ak 14 1 s [ 58 [ B ) T 4
2.5 VCM/CS/SFFs & L1 45 R

G DU AR A T3 A 8 (I B AR FEAE )2002 Wit , 307
HFEEERT 7 mm B, FUAMEER, W 6 i
/N, VCM/CS/2.1SFFs # B ¥4 5& FE 4 (7.7 +0.1) mm,
VCM/CS/H,0 5 ¥4 56 JE 24(9.5+0.2) mm , YA 1 54
BOR . BN 2L R AR L i A 15 A R
TR I G BE AR /N 3R] RS BT 22 R AR AR Ly
UNGEES-Rew R i @il 5 3 NG EC - Re
AR I 2 W R AE S X 5 R 25 ) R
R PUK TR 2 R — 2,

Tl

K6 (a) VCM/CS/2.1SFFs M, (b) VCM/CS/H,0 T E 3
Fig.6  Antibacterial test of (a) VCM/CS/2.1SFFs and (b) VCM/CS/H,0

2.6 VCM/CS/SFFs 254 R

KB R % HL AT 6 ] A R ER AN W I
DA A G 2 e P LB o M2 ) e A K I T
7 A PR R R T SR A A Y — > B
Uit . PABRLR B B A FLBR S AL | 24 W) 70 B R 5 1L Y B¢
el 2 FpO7 R, — MO 2GR TR
I3 — B0 77 SIS ARG AR IS 250 R0, a7 B

IRRB, BT R T R A RO | X
FEEHTEAGMERBT HRRWRR, HE,
VCM/CS/H0 Z &KL 6 h I8 BEHUE H7(35.8+1.6)% ,
VCM/CS/2.1SFFs & &8 EL 6 h BYRETCR N (19.6+
1.3)%, L2 Z 90K AR BRAK T 52 4 4 8
T2y R R R BRI A B A — A R
TR P, I 22 2 40 K 7 4 1) 52 A bR T T B
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Fig.7 Drug release test with different concentrations

of nanofibers

TR,
2.7 VCM/CS/SFFs Kk

HIKIE T 18 & MR AL 72 T 5 32 Bk
VR 2 T e A 5, DRI SR R B B K PR AR
B Kl 8(a) s, 24 SFFs I 0.07.0.21
2.1 mg-mL™" 52 G AR 2k H AR FRAR , it HRE
ER

Tk F1%) 3 it 3 3R R bR 25 5 BOAS B DS B B 1Y
AR T 2 SN R R S RS 2 5 T R AR R A
UK AP A TAERIAISE T 14 H W R P
J5 W AR R AL B 8(b) Sl B MR 28 d 11 B fif
A UL 2 ZGOKR LT YE AT LU — 8 TR L B AR R
B ) A I DR AT R R 22 2R AR K EF AT AR 2 ]
L5 5 e ok, BB A A48

(a) CH0  EZZ7300175 0.035 (b) CIHO EZZ300175 0.035
* E=0.07 [ 0.21 2.1 F E=10.07 [ 0.21 B 2.1
401 g 1004
mil = '
L 2 c
< 30 g é// E 75
< 7 g
= 7 E=
2ol v < 50
I, I ]
S
e
10 %%/ 25+
’;/
0 e 0 . =
1 2 4 5 6 1 4 5 6
Sample name Sample name
K8 (a) SFFs XTHTKPERE 1521 (b) SFFs X A 1 GE 1) 52

Fig.8 Effect of SFFs (a) on water resistance and (b) on degradation

2.8 VCM/CS/SFFs i 15 1% B8

NARFA BT 0 45 58 B 1~15 MPal™, an &l 9
()T 78, VCM/CS/H,0 5 & B HT R 58 2 R (7.90+
1.05) MPa, Hifi 2 AA BT B IR ZSR . VEM/CS/
0.0175SFFs & & A B9 BT R 5 B2 iK 3 (10.45+0.68)

MPa, R ESAR P INA 2 R GOR Y 4w T2
BRI PR SR B BE A 22 3 0K 27 4 5 i ) 1Y
T 52 A BB AT e 51 R 2 B S0 NS B/ B4
e, AT REJE Y 22 R ARV MO R B 22 R
WKLY S e TR ARSI B 2 5 R

(a) % CJHO EBZZ300175 [£5N0.035
12 E=007 mmo21  EEE2I

Compressive strength / MPa

Sample name

K9
Fig.9 Compressive strength (a) and shrinkage(b) of samples

() CaHo  EZAo07s Y0035
4r * E=30.07 [ 0.21 EHEg2.1
Z3r
?n
<
=
= 2F
=
w
1 L
0

Sample name

WBE (o) TEAHSRIE 15 (b) JE 4 7 2430
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P T RAMEH R W2 Rt TR
GBI BG4 HOREME | 2540 T34 R B0 R

,‘_l'* XN

Kl 10 (a, b) 43 3 MC3T3 #F VCM/CS/H,0 . VCM/CS/2.1SFFs # 8 5577 4 d JF B9 SEM &

LB R S AR B L R R T LR T
PRI R G OB R AR BN B &
it 1 245 W7 24 D) 38 e 2R 3R R B M B
2.9 VCM/CS/SFFs £ ¥H =4

A ST 3 S T RE A MC3T3 7225 LM
B VCM/CS/H,0 Fl & A 22 3R 47 ek FE B3 19 VEMY
CS/2.1SFFs E R A3 sEfE oL, & 10 W LLE
4}l 7E VCM/CS/H0 A1 VCM/CS/2.1SFFs & & 4kt
IR R IR A 2 RS REXT MC3T3 4
i 38 7 G A 20 TR 2

llﬁl"‘
*.

Fig.10 SEM images of MC3T3 cultured on VCM/CS/H,0 (a), VCM/CS/2.1SFFs (b) for 4 d

MTT 3056 5 R D A A 40 AR 2 2
— G 0 240 A 3 R AR A B TR DT V5 MTT L (%
F14 BB 15 200 i B R A ST A D e R 5
AT T K 5 58 €07 ) W B (formazan) , 0V 72 20
JeL e TP A A T A X R R, A (DMSO) /g
A DURUTE A M PPl S (A R IR L TR S
JI 5 (0 W B AR L OD B AR I I ) 5t ) 1 '
JEAR AR S5 HI AR AXAE 450 nm Tl 5E ROG (R

[ VCM/CS/H,0 *
0.6 4p7z3 vCM/CS/2.1SFF

0.4+

OD

0.2+

0.0
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