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Abstract: Biomaterials like silk fibroin (SF) and poly(vinyl alcohol) (PVA) have received increasing attention in bio-
medical applications because of their attractive properties such as hydrophobicity and biocompatibility. In this study, effi-
cient systems consisting of interpenetrating SF/PVA hydrogels were prepared as potential candidate for wound dressing
applications. A simple approach consisting of sonication and a freezing-thawing technique was adopted to fabricate the
hydrogels. Different blend ratios consisting of SF (100, 75, 50, 25 and 0%) with respect to the weight of PVA were pre-
pared. The produced hydrogels were characterized for physico-chemical investigations using various states of techniques
like; FE-SEM, TGA, FTIR and tensile strength. The addition of PVA to SF was proved to be beneficial in terms of reduc-
ing the pore size and swelling ratio of hydrogels. The mechanical property of SF had been increased by addition of PVA.
These results show that SF/PVA hydrogels may serve as potential candidates for wound dressing application.

Keywords: poly(vinyl alcohol), silk, hydrogel, sonication.

N OB Poly(vinyl alchohol)(PVA) to| =242 X144 A=

A, 2 BEES T4, 7 AAF PR 9
slol=mA & 319d AR AksEe] Adel ol =9 AlF Hoke] S8 B2 IS WAL jlom, QlyTi,
2] 937 WEE] 334 WA T2 o] B o] RS ¥R FUEUNZ E oy RofoA] AEw Yok
PR Ak Sl ZRAE Fglold] BHAF ofF Fol  PVA sl|=eAe Al el weh B4 Alo)7} Ahs e,
sHom hela e 540 W4AT Ao da 53] $2/89 ARl slol=zA o) nEAEe) 29
AE Uz, ol @AM, A ARG S, KA L A9l AwE Bal 494 FuE A Hw, S5 e
A= T A AR H "%ﬂ%‘"\]i‘%} Eopol| A o]§-= L g 7HA Fek o olnf PVAS] EAFE, 899 B, &
Art> AL, AZY, AN Sl ofsl PAE slol=rAe] 5

go] EepxitkaL ‘”EEW ‘”ﬂr12 .

"To whom correspondence should be addressed. s uLi el FEd e 4= 28
E-mail: hlpch@paran.com B A= AR /\ZH 2 B3AeF 2 o], F8E A= o]

717



718 olsF - s - FIE

g0} ek A2 Bz A0 48 o 9
& 7191 o7 BaA HfRAT 248 A 5o

=
oo

=

O =5

2 523} A a7t Foht AA ATl $5E 2

xZF
F3ve) AAl2A BE Palo] Rol 3 sloh 421 3

ﬂd
o,

B2l slo|=242 pH WS}, 2595 o|8sl] AT F
AoH, AZ, oFE AGAEAIE] o]l #g A7} XY=
3L QTR e Z1AIA BAdo] FA] ot o8l Aok
LI

ol gt TS Heksle] =48 A slo|l=2AS A
staAl & Ao 8 7]7%4 E4E o] &3te] 3fol
=24 Az AFEEE PVASE A3 B 2218 &35}
slo|l=2AS Az AA/PVA TS 2502
7RlIE § AN HES 33] vHEsle] ERlRQl ThE
ottt AxzH sto|=2Ae] B4 FA4E fl8l Bak,

FTIR, S474% 24 5< Fasict.

Al
=

ot

M2 % A PVA(EAHFMw) 1.24x10°-1.86x10°,
hydrolyzed 98-99%)= Aldrich(USAY A +5le] A1-8-3}
Ao, A3 o 2] (Bombyx moriy= SX15YORHE -
YT AlEEA AoA= NIHIT3 AlEE ARglom,
AME-E BIR= 10% featal bovine serum(FBS, GIBCO, USA)
7} 1% penicillin-streptomycin(P/S, GIBCO, USA)7} % 7}&
Dulbecco's modified eagle medium(DMEM, Welgene, USA)
S ARSSFATE Bl A2 22] Al trypsin-EDTA(GIBCO,
USA)®} phosphate buffered saline(PBS, GIBCO, USA)S A}
Lo, NESAE 4L 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide(MTT, Duchefa Biochemie,
Netherlands)& AF&-3F53 T}

A3 Ozl 8% X|=. Bombyx mori®] Fo|ZX| S
0.02 M Na,CO; &Hol|x] 60% F<F 100 °CE 71E3lal 5

FrE 33] W AlFsto] Algjal ldy BeE 55 A
Adte] =g A DHES AT AHE Ha yHR

212 CaCl,:H,0:EtOH=1:8:2 molH] ] &3}-&-ujjol] 90 °CollA]
2A7F Rt EiAR] v SRl T2A1%E 1t FA sl
T4 A3 gHEd £ (SF)E Lol polyethylene glycol
(PEG, Yakuri pure chemicals, Japan)Z 553t} Al 4
A YHEER19 HF T 8 w%lt

Sl0|=E2H X|=. PVAS 8 wit%= 80°ColA] 1417+ &<t
23X F T A=A FH 2l g §wt%ol PVA 89S

ZFZ} 100:0, 75:25, 50:50, 25:75, 0:1009] H]E&= Fd3A 4]
=t AA/PVA EF 84 9] T 20 mLoIRiH. Az
A A/PVA £NE 7Zt7}; single well plated] o 20%
amplitudeZ 10% 5 Z-SIH(VC750, Sonics&Materials,
USA)E AZsliE T -80 °CollM F58F, d2ollA 3lst

Zan, #3748 A63., 2013d

- ) -

vFeA - Faheem A. Sheikh « B}31&

= 5483 HEE 33 AA slo|l=2AS Az

Scanning Electron Microscope(SEM). sle|=24S- 5
AAZ F GAS Ag Av-PdE ZH F FAEAEN A
(UPRA55V VP-FESEM, Carl Zeiss, Germany)2& #2511
o} FARRIA N B 7] 23 ATY EH )l o] Fo
Aot

sloj=2xo| 2N SH. WeT: Az A3/PVA 3}
o=z g A2olA PBS bufferdl] HA|AZ F FAASH
B ol& w7kx] S5t HEEe= 2 (D)ol veRd
uiel 7o) sge Ao FA (W)Lt 7AzE AL FAw,) A
£ Azxd Ao FAR o] W& E YeiTH

W4, 100 (1)
d
%.’Z% L sfolerAe] A s dolr 7| 9|
QMlOOS Qmesys, Korea)s ©]-&3F] §

Amitt 5709 AlES FRIEAAL, 7 AR
o FAE Téuﬁ‘ro}&’iﬂ} U5 A= S8 Al A2 = (cross
mm/mlno]/\}\——u%, ]%94 il oo] 50% O]’EF
| U‘Hgl s Sk

Fourier Transform Infrared Spectroscopy(FTIR)- A Z
® AA/PVA stol=2Ae] FxM3E =457
FTIR(FT-3000, BIO-RAD, USA)S A3 }2511, 2000-400 cm!
TFHfleA] A 8T

Thermogravimetric Analysis(TGA): 2 Z/PVA 30| =2
Al] 2 Wsle] e dAgstE AR 7] flsled TGA(SDT
Q600, TA instruments, USA)E ©|&3to] A4 7] F3loll A
10 °C/ming] $& &2 50~700°C] M ol 5
TAS it

M=Z =M M. 43/PVA slo]=249] NE 548 &
1371 MTT assays Al&¥3I3ATE NIH3T3 Al2E 7t slo|=
240 2x10° cell/mLE 33Tt 1, 3, 54 Aol MTT &
N (5 mg/mLyS A ] 1/108 ¥ T 2417 51t QI
wWlolElo| A wFet & 1.5mL FEO slo|=24A S &7
dimethyl sulfoxide(DMSO, sigma) €45 1 mLY Yol R}
Al Aol e8] =g w7k 229t AIF7|E 308 83fst
Atk 84S 96 welle]l 100 uL¥ E53}3L ELISA ZE|o|E
2] (molecular devices, Sunnyvale, CA, USA)E A}-& 3}
540 nmollA B =S =459t

S (%)—

[N lm
g

7=ljl_|. al E%

= =

SE 2t 3 WRE. HE/PVA slo|=2A9] WS SEM
s tH(Figure 1). sto|=24 ThHA oA
E(p rous structure)’} FZE ATt PVA 3Fgo] HS42

FF A7k AolAlE AoE el slol=gde] 33

:.:E
rl--l



Z5aet SAZ e o AA/PVA slel=2 A0 Al % 54 Bt 719

Figure 1. SEM images of the cross-sections of porous SF/ PVA hydrogels: (a) 100/0; (b) 75/25; (c) 50/50; (d) 25/75; (e) 0/100; Scale bars:

100 pm.
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Figure 2. Swelling ratio of different SF/PVA hydrogels (100/0, 75/
25, 50/50, 25/75 and 0/100) in PBS buffer at room temperature. The
results are represented as means+standard deviation (n = 3).
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Figure 3. Compressive strength of different SF/PVA hydrogels
(100/0, 75/25, 50/50, 25/75 and 0/100). The results are represented
as means+standard deviation (n = 5).
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Figure 4. FTIR spectra profiles of different SF/PVA hydrogels: (a)
100/0; (b) 75/25; (c) 50/50; (d) 25/75; (e) 0/100.
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Figure 5. TGA profiles of different SF/PVA hydrogels (100/0, 75/
25, 50/50, 25/75 and 0/100).
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Figure 6. Cytotoxicity of different SF/PVA hydrogels after incuba-
tion for 1, 3 and 5 days. The results are represented as means+ stan-
dard deviation (n = 3).
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