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Abstract: Silk fibroin is a biocompatible and slowly biodegradable natural polymer. This natural polymer has
excellent mechanical properties, non—toxicity, and non—immunogenic properties and has been demonstrated
to support tissue regeneration. Also, gelatin is a natural material derived from collagen by hydrolysis
and has an almost identical composition as that of collagen. Silk fibroin/gelatin scaffolds have been
fabricated by using the freeze—drying method. To establish the scaffold manufacturing condition for
silk fibroin and gelatin, we made scaffolds with various compositions of gelatin, glutaldehyde and silk
fibroin. The silk fibroin/gelatin scaffolds were characterized using SEM, DSC, and water absorption ability
tests. The cellular proliferation was evaluated by WST assay. These results suggested that a scaffold
containing 8% of gelatin, 1% of glutaldehyde and 0.3 g of silk fibroin provided suitable characterstics for cell
adhesion and proliferation. In conclusion, the silk fibroin/gelatin scaffold may serve as a potential cell
delivery vehicle and a structural basis for tissue engineering.

Keywords: silk fibroin, gelatin, scaffold, tissue engineering.

M = Aell FarF Farsolof s Eelel AlEZE A thellr Alsze] 71
(extracellular matrix, ECM) & 331 w0]3ho =24 38
AzAlgstoled Aol eds] o Alze) sto] gl= o] ABE ERAFHk S T Aol oAl Fol|e FmH 72
A AR AES A2l o]2feko A AH e A 5 $3P} 2 1 97RIe) Ak ks S Ballsls AAAe
2, A, Al AR TTes fimshs QU] JHelk! ol go shgel st
AErjerel, Amsl oldaE Eoke] vkt ZS‘OH olgfgt % IR0l RS 3t oAl x| Aol AuiEEs Ay
& olgsle deks 2Ae de ‘2@ A Bl of & 831 VAR e, AESS] A2t w o] V5w B)et
R v T vk Ak 2AFAReRl W AL A g 1) mlolawel wlmmA & 2] 2 5ol B
szl XIXW 9] ABESH AT g SR8 Qo] ARGER= A ZA0RA Q) B3] e WX} Bl }94%10]
O] g2 YA el Az} 2 Rtslo] ek 4= Sl Q= Ae] BB} AeAd o] et I
= 29kE 7 Qlofok ekl Ao B3PS FAlsEA AR AA 321 A AR 2] BEE, T2e] 27, ,4

TTo whom correspondence should be addressed.

_]
8
E—mails: gskhang@jbnu.ac.kr, dlee@jbnu.ac.kr B AMES} 22T 0 2R o] E= AMlE A T2

378

b 270l 2 S0 WROT A S el 4»
3%

Y



42 s nE/aekE dolne s AL A% L S8 379

Bt QA W o] AlEE FERAIEEA vk B8 Jlo] 9]
om A= AEA] Salal ApEEcE ol2igh Al EAoR 9
3lo] AlEA| Tl W2 ofefgo] glor o]F didsl] S8l XXk
3= g ARgE 1 Qlrk

e Aol Z2R, S|4FEAL 7IEAL AL A=A vE
291 5] ol ARH I =t o= wlw] 945k A A, 4

H oz F103} QA 484, 218 T D AEoBE kiAol &
Q1S Bl 7 2L S ok AL 2L Q] wizolct? o] o]
Atz A3 g Rl Algjal 07 ool A 71
2, 2, g, AR} e 2k Bjeks 71 ofalo] A
ohulicAke] OF 80 ~85%9] o Y wHEQS et ok u)
2] A3 9B 2L ZalFE| = RS vk} Zgo] 2 ukdsle],
230l 9481 71A1A, BE)A), Bet B4L Hofdit? olejst A
F|H R Aks 4l S Eapio] wolular ulEA, nlwely @ A
o] B0 MEel 24 ATk BaE vf QoA
o] 22X F3hE AAAZA B S whar 9o

2o W, 91T, 7% 5 AYxA)o] o iz AEo) 2
991 7)alol] oJ8)) dolxl= frphmd e P n)wa vt
ol S Holat, Wzt ) Ak goe Ay
e Al Hze) e o
AF8HE A TA L] Ak Tl ECM
R W vl 29} ke AEele] s
2 ke ok wmek AR Soirk= A
o] Y, AAESgo] w27] wjiel] ekgAale] tk o]Us
A AR AR A= AR EA0) 98k o] Q= Wi,
okat 7)712) B3 Grolt Alole] elale] uRAAAA} 47 &
Es Ue] BAES Skeic) weba) die] Hel Al
2 ALg3 AR AhaAlsh e 38 A2 B8 AA2) 7))
2 B3-S A7 Fo] AnkAlo]c 1916

3laH Aol o8 7hnAle] EHwE 3-rlddolu] ey —
N=oEFhrr} ou|= slo)= 27 elo] = (EDC), S5ERME],
f-ZUAEEATO|E(B-GP) 50| 9tk o] F SFeltle| = AL
gajo] 7hrAgAIz Aeke BEe) 7|74 54 tist Baed’
FEERMB| =5 AMgalo] TRAL A7) Tl ddke BAAA &
Ha} Aol ol AAA} g AL AL 714 At S
7kl AL BB

B Ao 248 o7 2AHTALS I 5 Qe
2 23 s|H Qe AR} ThiAE ol gale] BAS STIAK 7]
AR BA7) B 359 9 QP9 NIH/3T3 AlES o]2l5e] WST
7 AEEPILE siglom AR W AE RERZAE SEMS B
3 PRslo] 2AF8H AXAZAM S $-87Vs3S FRIBIGIT

=
—~ 1o o

re
i
i
ro

2
ket
”
Mo

=]

R

flo ?}i
1o
jm
Y

r
3

fo
m
e
fr
\

;

AU
ogli[%lrdm
o B I
%_ao?ﬂ
Ehe
)er
T by
)

X

2

tlo

o WE
E
ﬂ‘r'
i

1.

€
X

R Ho o
O

z
O

o
2
K
H

{

¢}

4

Aot A HE, HATAR] A= W= FiEhar g asielT
HojlA Algigror Ae}El (Gelatin from porcine skin, Sigma—
Aldrich Co. USA)<& 32} 5775 ol83}o] 40 T oVdelx] 501 &
Ao 7 tisolM AMSIITE SFEIRUBI=(Grade 1, 25%, Sigma—
Aldrich Co)+= 7HeAlZ ARSH SN B shetekiat #7] 8=

HPLC 53-8 ARSI

A3 m[HEQI/A2MEl X|XIH =

A3 m|HZOl £& A3 S 0.02 M QRREATE 90 TellA
LAY 58 o AR AARE §F, 0.3% ARBYAES AMSl
AAZIAIE A ] 181! 32t TR o2 W AlAsle] Alejal

o] AR AL Q) AR FESIACE ©fF —80 CelA 24
ARE R Bk BANESI,

A3 m|E2QI/MalEl XIKIH|. A SH R/ AAHe] A
3 BT Figure 1o Wehhgiok A= vE2qlef] depd Bl 7
A2 Z7pPRT Z121e] ARAE WA e Z220E gefsle] At
‘s 2lslod A2l ee AlRE 4 ol 20 2t silth
A5 9B E ARE 249 ZelolEdl Yal A= gREQl FHoR
CRIAEA] A fiesl] flslo] A= slH=Ql Aol 4% et
€l oS SN AAA, 4% Al g7} 1Al 2.5% 25
A= EFENS FRAR ARAE Az ZF AR A=
4 TS} —20 CollA] 8AIZF Bt Bykslal —80 Collr] 24417k <k
WZAZIAY B S80S 2 |X|Alef] 58t 7 —80 Coll] 24417
WA = 2107 AlFSIIck o] 4% ARt A2gk 2|4
Aol 2.5% SFERIHBI= Eohs Hefate] 7HiAlA Tk 1%
BE A3 100% 2efals ARgslo] 7hrg AR, ofE AlA
ap7] SJsle] 33 SRR ofe] W AIFSISIT)E thAl —80 CellM 24
AL e WA - SAAZEEN] A R /AR AXAE
Aick.

23 vjB e Fegy) Ayl 9 FFERMIBI=S] FEE v
223t AXAE 99} 2 FAATH O T AREILE A= wHE
©10.1,0.2 H 0.3 g5 24 Zo|Ee| Y Al gol 2 4 W 89
9} 7huAll SFERIEI =S 0.25, 1 W 25%S £33k gous- o
AR T, =80 TollA] 24413 F3F Bkslo] F8] 87 & 5
ANZAATE 71§ 100% 22l ARgsle] 7lns ARAL, ofF
AASE ] f18le] 33k S5 ofe] W AlEsIIet o] AXAk= —80 C
o] 24A17F <t WAL $ FANZS ] A3 sju e/ 4]
2AE ePdsisict

KIXIHIS| OFEM I £BELT AT AX|A|Q] =] gt ¢k
43E AR Slsle] A3 wnEgl e Afe W FERt|
3= F57F UE AHAIE 05 cm X 0.5 cm®] F7|2 Addsio] ok
ALSEH(PBS, pH 7.4) 2 uljekolol] FxJ3kar 3A1F B2t o]
A 5 Fels sioltt g AR AxE AE S

Pour into

24 Well Plate 4°C to -80°C/-80°C
in Silk Fibroin freezer drying Added to 100 mM
Q000! > erere
> Om \\) Distilles water and

-80 °C freezer drying
4%Gelatin 2.5% Glutaldehyde for 24 hrs

&Y ., o,

Silk Fibroin/Gelatin

Pour into
24 Well Plate

Mixing in Silk Fibroin > ' scaffold
L,> |_> OOOO:::: 4°C to -80°C/-80°C
freezer drying

4%Gelatin 2.5%Glutaldehyde 4%Gelatin/
2.5%Glutaldehyde

Figure 1. Schematic diagram of the fabricating process of silk
fibroin/gelatin scaffold.
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Figure 2. (A) Photographs of 4% gelatin and 2.5% glutaldehyde
mixed scaffolds; (a), (¢): 2.5% glutaldehyde was added to silk fibroin
scaffold after freeze drying with 4% gelatin. (b), (d): silk fibroin
scaffold was freeze—dried after adding mixed solution; 4% gelatin
and 2.5% glutaldehyde. (B) SEM micrographs of porous silk
fibroin/gelatin scaffolds; (a), (c): 2.5% glutaldehyde was added
to silk fibroin scaffold after freeze drying with 4% gelatin. (b),
(d): silk fibroin scaffold was freeze—dried after adding mixed
solution; 4% gelatin and 2.5% glutaldehyde (magnification; x30,
x100).
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Figure 3. Morphology of silk fibroin/gelatin scaffolds (A) in PBS
buffer solution; (B) in culture medium at 37 C.
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Figure 4. Water—uptake experiments using silk fibroin of 0.3 g
scaffold depending on the gelatin and glutaldehyde concentrations.
* x% # denotes significant difference compared with each
scaffolds. (p<0.05) (+: glutaldehyde 0.25% vs glutaldehyde 1%,
xx. glutaldehyde 1% vs glutaldehyde 2.5 and #: glutaldehyde
0.25% vs glutaldehyde 2.5%).
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Figure 5. Compressive stress of various scaffolds. ***# denotes
significant difference compared with each scaffolds (p<0.05) (+:
glutaldehyde 0.25% vs glutaldehyde 1%, *=: glutaldehyde 1% vs
glutaldehyde 2.5% and #: glutaldehyde 0.25% vs glutaldehyde 2.5%) .
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Figure 6. Cell proliferation of NIH/3T3 in silk fibroin/gelatin
scaffolds analyzed by WST assay after 1, 2 and 3 days(p<0.05
asterisk means different between *: 1 vs 2 day **: 2 vs 3 days
#:1vs 3 days).
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Figure 7. DSC thermograms of silk fibroin/gelatin scaffolds.

I

2 PSS YRS o ARl 29%0f] nisf 8%olH dald oz
2~38) A% A Vel Al SFEekE] s w5} ot
A= 7] VR ZhAle] 1o SRR AN o= 71A1A
A7) SRS B S e ol 3x 3] 4A) kA2l
Tl wet 3135 oS Adep| W] whzolet bk

WST. AIEZ 2sPds: 2H= 213 98221 0.3 goll Aehel 2 7lars
S5 gk AHA el F wlo} AfreblEE mkEsio] mieket 5
WST #4HS Falo] AP dEs st 471E Figure 601 e}
uilck 1, 2 2 3 Aol 24 st A, AJzke] Azle] ulehr Ao
EET} oRaE AlxFAlEC] Holxlor 53] Ak 8%E FHr
S AR A= e Al vial €53 2 AlEFAES B
t} o= Aeklo] X3S TUAIA = S5740] e o Kol
v A APEE RISk wel] SA1EC] 3R ZloR AbEEnh B
32, 4 4 8%2] APl 1%2] FFEILUB| =S Skist e X%
A AR el wet f24 = FAES Btk ol F3l
AES] F2le]l QlojA] 8%2 ARl 4l 19%2] SFEIIHB|=E g
St ATF B EYARR A|XA7F 7S 7dAR] ks & Ao A
Z}IT,

24

Eg|H, #3548 A53, 2011

(a)
Figure 8. Photographs of cell morphology: (a) NIH/3T3(magni—
fication; x40); (b) NIH/3T3 (magnification; X 100).

2% Gel 4% Gel 8% Gel
N

0.25%
Glu
1%

. |Glu
2.5%
Glu

Figure 9. SEM micrographs of sericin—free silk fibers. Silk fibers
modified with silk fibroin/gelatin scaffold (magnification; x1.0k).
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Figure 10. SEM micrographs of NIH/3T3 surfaces of silk fibroin/
gelatin of (A) 2%; (B) 4%; (C) 8% scaffolds for 1 and 3 days
(magnification; x1.0k , x2.0k).
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