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Abstract: Considerable effort has been directed toward the use of silk fibroin as a biotechnological material in biomedical
applications on account of its excellent biodegradability, biocompatibility, and unique mechanical properties. For use in
tissue engineering, it is very important to design and control the pore architecture of polymeric scaffolds, which provide
the vital framework for seeded cells to organize into functioning tissue. In the present study, a silk fibroin scaffold with
controlled interconnectivity and pore size was prepared using an electrospinning method with poly(ethylene oxide).

Keywords: silk fibroin, tissue engineering, 3D porous scaffolds, pore architecture, electrospinning.

M B

A=)
RN

Aoz FEFe) YESe elsle] WAl whul
BIEQl A ARl A2 ARR o) Bebh
She Azl Fse) lom, Fl Ay FEEE
AaE= 953t 2713 PFAT S Ao R olle] oUE
ok T olmg AHE olgule] itk 2o} A2 Wt =
@2 EEpl wet AnjdIe] AEwe 22 7AH B4
= 7l ¢ dvke A7 2ol ) da gEERle o
&k A B A Aol BRI ol AT
ANez Lgslr] 218 A7t %LHE%}‘H] &Y= ek
zZZAZsto)gt AYETA] 7158 k= AlEe} AlEZY 1
e 2HD F e T 7IeS ol8sk Alxe 7
o AL g dAte] EdE Ao o5l
dake 7ss 78S & 9lt 2E g 5o
= XA ou|2 ARgE S glom, o3 X
8lo] Al o =4 2 75}71—5 A Ay St

r

"To whom correspondence should be addressed.
E-mail: hjjin@inha.ac.kr

651

L AFE AlEEo] gt 2AF e 7|27t He 23
Fg AR HAAL] AEL)7]E (extracellular matrix,
ECM)S Eist Zlo = &4 248 Akt o 71
FEO] dTE Tt oA Q] A FEE ARAZ AL
7] i 71EHe® eek AR, T4, 2E
3/ Sol Zash, AEALS AT s d4
T2}t 22o] APE T Aol A3 el
o] Q7E 53] A% ddH v 7ot 7]:'—
Alaze] ket g, aE|al Fdit Ak o
o ARA JIE Fo] A P Ao UHT 3
a17] wiito] AAYstarA} sl Aol wet A
gk O 29} 71ee] A7NE Zhe AXAE Alxske A
o uj-¢- F a3ttt H 3t FAol Ao 5 pm, AFEAE
o] Al glo] 5~ 15 pm, 37 Al 9le] 20~125 um, 2
23 Z A 79 100~350 um®] 71F Z71E 7HAIAL Q)
< 32 o X]ZWV} z}zy z22] ] Aol el HH e
ANE Bvhe A3 el Bard vl ok
ZALEE 331 T2 ARAE ves ozl E
A7z (freeze drying), 7K~ (gas forming), HH
(salt leaching), Z]3 Z7"UAPH (electrospinning) S°] ¢&

Pl
rlo
ne

o

o 18
rE
(o3

A

&

o

=

T

=2 Fli‘

fo o o r it

oL o
12
e
tlo

gl



652 ZAA -

Stk o] FN A/ PPApEe TRA GoNe FAe]
2o A Sl FEe] WAtsle] 44 vheolA

Al S
NS i ZTAAE Az Y

nlo|AZnE H7]9
ot} o]zfdt A7 e R Az e AF AXAL A
5, FRAZTE ZRhle] AES 7 s sk AlEe7]
A et Ak #7158 7R, 2R 715 w2 HEEE
Algste] T B 710 ekl Al o EZRE A
B33 7)50] I Hlow deA Quplot met v
b &) A=, 4, A=A 5o AEge] aiet [
A7], &%, % 59 9 S 2dst e QA
273 B, AR 39 24 283 v 52 =24
7] wiel] 2AFEE AAA| AR
UTEEE v 7AYo e A AXAE A
Qe 713 Z717F vl AL s o] wol ATt
AAA WH-E A37dst7] ofgrhes We] o], AE7E &,
AESE 7 e BHoh 52 3589 A7EAF v A A
AAE Az3P7] e A7 Basht

2 Aer e AAaEAR] A FBZ08 o] ggh 24
388 3 v e A ARAIE A7 Bt
o Azsigen, 784 IRAR] ZEASA| =S A}
g3l Hr} e A AddF W 71ee THRE AR
AAAE Az

il

M o

b

o)
2}

e

al

Al
=

ot

I[N Ho| M=, A ILX] (Bombyx moriys 0.02 M
9] ERMMIEF 489 (sodium carbonate solution)l]l H3L
100 °CollA 30% &<t 71dste] Algjal whld 8 Bs 5
& AAL SFRTE AFsl o7 A fHEQNS A
oyiglt}. F&3 A3 vE=EQS 93 M EE3EEFEY
(lithium bromide solution)?l] 60 °CollA] 4r]7+ &<t 714 &
AT T, 4877 Bt SRR FASl ot A 9B
20 FEHE AUt AlxE A=A sH=EQl 82
°F 8 TF%ALE AxE A3 FHIL] 58] Mol v
APdE S7PI7171 S18te] 2] 900000 g/mol]] E2el
dalSAlol =8 SRl 5 FF%E ARl &, A o
22l FgdF} wnksle] A= sH=EQ]Zg o dlSAll=
T8N Azt ol EgdESAlo|=ef A vH
219] FRH= &F 1499t B3 ZjogSAto|=e] A
7ALE Q)Eke] EAFER] 900000 g/mole] ZR]dE IS Al0]
EE ofebge] 4 TH%E S3AA WAL S-S Az

A3 mE=2Ql Lk M7 XXHe M=, d= gH=EQ]

= A ARAE A7 WAS ARESe] Azt o,
Figure 19 7N&F=E Yepldet. 7 719 A7P8AF 71715
ARgBle] ol AxF A3 vHEQ/ZEdEUSAe|=
TN FPodAESAol= GAE Zh7} A7 HALel o

Zad, A364 A|53, 20123

e

PEO solution

PEO ejection
T ———

Figure 1. Scheme diagram of controlling pore size of electrospun
silk fibroin scaffold.
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Figure 2. FESEM micrographs of electrospun silk fibroin/PEO(a,

b); PEO(c, d) nanofibers.
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Figure 3. FTIR-ATR spectra of electrospun fibers from silk/PEO
solution (a) before; (b) after ethanol treatment; (c) electrospun silk
fibroin fibers using PEO extraction after ethanol treatment.
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Table 1. Characteristics of Electrospun Fibers

PEO concentration Porosity
(%) (%)
Silk(30 min) 23.2+0.1 63.9+10.9
Silk(30 min)/PEO(15 min) 36.4+45.1 81.845.9
Silk(30 min)/PEO(30 min) 49.6+13.0 86.14+6.9

*The data represent the mean + standard deviation, n=4.

Figure 4. FESEM micrographs of electrospun fibers from (a, b) silk
fibroin; (c, d) silk/PEO-15; (e, f) silk/PEO-30.
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Table 2. Mechanical Properties of the Electrospun Silk
Fibroin Nano Fibers

Young’s Tensile  Elongation
modulus strength  at break
(MPa) (MPa) (%)
Silk(30 min) 287.3+17.4 7.28+0.24  2.6+0.1
Silk(30 min)/PEO(15 min) 229.6+£18.2 6.71+0.15  1.9+0.3
Silk(30 min)/PEO(30 min)  201.8+6.9 6.26+0.22  2.0+0.3

*The data represent the mean + standard deviation, n=5.
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