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Fabrication and Properties of Silk Fibroin Nanofibrous Sheets with
Hydroxypropyl Methylcellulose Content for Biomedical Applications

So Yun Heo, Gyeong Tae Lee, and Young Ki Hong'

Department of Biomedical Materials, Konyang University, Daejeon 35365, Korea

Abstract: Electrospun silk fibroin (SF) nanofibers have emerged as promising materials for
primary wound dressings due to their biodegradability, biocompatibility, and high specific
surface area. Hydroxypropyl methylcellulose (HPMC), a semi-synthetic hydrophilic polymer,
has also been widely utilized in biomedical applications owing to its water absorption
capacity and biocompatibility. In this study, SF and HPMC were combined to fabricate SF/
HPMC nanofibrous (SHNFs) via electrospinning, and the effects of HPMC content on their
physicochemical and biological properties were systematically evaluated. As the HPMC
concentration increased, the viscosity of the spinning solution rose nonlinearly while its
electrical conductivity decreased, adversely affecting process stability. Above 1.5% HPMC,
fiber morphology became increasingly non-uniform, and the basis weight significantly
declined. SHNF1 exhibited the highest tensile strength (3.01 MPa), but no consistent trend
was observed with increasing HPMC content. Although fiber uniformity and mat density
decreased, the water absorption capacity improved progressively with HPMC addition,
suggesting a dominant role of HPMC's inherent hydrophilicity. FTIR spectra showed a shift
in the Amide | band between RSF and SHNFs, implying a change in molecular environ-
ment, while no clear secondary structural transitions were detected among SHNF samples.
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Cytotoxicity assessment using LDH assay revealed no significant differences from the low
control group, confirming minimal cytotoxic effects on NIH 3T3 fibroblasts. These findings

indicate that SHNFs exhibit excellent hydrophilicity and biocompatibility, supporting their
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potential use as effective primary wound dressings. Based on these findings, the optimal
HPMC concentration was determined to be 1% (w/v), balancing spinnability, structural
integrity, and functional performance.
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SF2 Bombyx mori o] x| A &5 Ut} SF 48
A Al A8 sodium carbonate anhydrous (Na,COs),
calcium chloride anhydrous (CaCl,)%} ethyl alcohol (EtOH,
99.9%)= Duksanoll 4l TujstH O], B4 24 A ALEE
Dialysis Cellulose Tubing (MWCO 12400, 99.9% retention)
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cellulose (Mn ~86,000)2 Sigma-Aldrichof| 4], SHNFs <&
ol A Zx Al S22 ARE-E formic acid (99.9%)= Samchun
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Figure 2. Preparation of SHNFs solution and fabrication of SHNFs via electrospinning.
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Table 1. Composition of SHNFs solution for electrospinning

RSF (%) FA (ml) HPMC (%)

SHNFO 12 20 0
SHNFO0.5 12 20 0.5

SHNF1 12 20 1
SHNF1.5 12 20 15

SHNF2 12 20

SHNF3 12 20

SHNF4 12 20

Sleto] WHehict. HPMC o] the 499 Bake
Q1517] 913 ChoRet W= EASHIT SHNEs 589
21 G HF=S B8 9FAQ) 13 kV, &4 1.5 kV, 95F 0.8
ml/h= A 7|HAFNanoNC, Seoul , Korea)s}$ith =83 4
A 21 == 150 rpm, HRs T A Ako] A=
10 cm® G235}l
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Figure 3. Physicochemical properties of SHNFs solutions according to HPMC content; (a) electrical conductivity and (b) viscosity (mean+SD, n=5).

50

44.6

%

104 = 389

% 297

230 ma

=

2

o

=

© 204

£ 2 16.8

@©

o

10.2

10 1 |—\—‘
0 T T T T

T T T
SHNFO SHNF0.5 SHNF1 SHNF1.5 SHNF2 SHNF3 SHNF4

Figure 4. Basis weight of SHNFs according to HPMC content
(meanzSD, n=5).

3.2. SHNFsQ| T2 2X 2 M

HPMC 3 H3lo| w2 SHNFsO| 34 =g H4
° 72 gGrtshr| Ho}oi Figure 40| B
@it} SHNF0.5%= 44.6 ggmO 2 7P 52 HFS Ho
], HPMC %57} 1% o|AFo. & Z7}3he] SHNFOT} Bl
sto] FeFe Hast= A RISkt HPMCY| 5% &
7holl whet A7 A= o] el o] F7k= A Y o]
29] o]-go] AgtE|iL, YA FE o]ifolA= BEaLA L2
7F el HM7AF 389 ASAdH HR Y BES
A3t Aoz AtE T 14]. HeFo] AL AL yAd e
9 FA|9) AtE ofulsh, At HEAHL] T8 75 A
A Fe Ha, A4 Apd, o A= o5 s 9= v
2 4= Qi

3.3. SHNFs2| SEfjSI™ EM B M
HPMC ¥ Hslof| w2 SHNFso| Fejets] W2 3
7V5}7] 918to] Figure 59 SEM imageS el A6

A7 BA A3}, SHNFO-S 146.16+45.61 nm, SHNF0.5=
253.36£49.50 nm, SHNF1 193.07+36.74 nm, SHNF1.5=
206.59+53.27 nm, SHNF2:= 274.54+122.44 nm, SHNF3=
370.43+123.67 nm, SHNF4= 376.52+146.56 nm& Z}Q1 %]
itk WA} S0 A7 A==} S e 8 U] A5 Y
&=7F S7ksko], A7l oJsf *MH jeto] © Zkgt 1%
g5 WA FloH(15]. o]+= jeto] AAI7E = o] 27
20} FUtt A P40l Fednh Aes A7EAF 34
oA A Il F83t ¥ vA= AR, A &
=9 Hroi= &N W ALEA ARE 7Fe] HRlo] Hg A
O 72 sl jetd] AL} 1 dol FrAEo] A A
7ol Zaxstar FP%JEP AR7F A== Aol Ut ie].
a8y Al U o jet 64*401 EsiA v =7t
Py star, Hitf = X*Eﬂ NEsHA == A5 89 FF
‘go] AstEo] A7 o] jetE F-5] AFTHA| HSHA H
B, ol & Ql3) A Aol FIISHAY WAL A7} ol
217 4= Qit}{17]. SHNFOOA = A7 | A E = =01}
= @Ei B4 Aok H=TE FAo] ERlEg e,
SHNFO.5, 1o A= 4G9 #d3to] ket HPMC &
ZFol 1.5% olfollA= AnlEAd gFal Evrdtt AR7t
HRE| 9o, o]= ISt HE R Q] AV|HAF = jet &
7go] HebgafA| 3L, MEAE B A 47 ZolAH
A A= Ao F wohEch SHNF4= A-8-9] H470] 3
o] BHRIE|A] ool A 20| 7L of 2 AR U
ERLH18], o] %9 A5 B7F A Alaz=Ad A4 Al

2J3tl.

ﬂi

[o

_{

rzm

3.4. SHNFsQ| 31515 EA 2M

HPMC gof whZ SHNFs?] slst4 25 543}s}7]
$J3ll ATR-FTIR £42 Figure 69| A A3 T}, Figure 6(a)
ofl&= HPMC, RSE FA, SHNF1E UEf 2™, Figure 6(b)

+ Alx% SHNFs2] spectras LHEFU ]ct. {5_

H| W 2A



sl s ZR Y vPAER s ool mE org Aa wugel eig Azt 54 | 157

T — —

46.1+49

.
~—

6

N R/

193.1+36.7 nm [0}
Vi I

|

L G ED 500 0800A_100mm  S0000x 829um

Figure 5. SEM images of SHNFs; (a) SHNFO, (b) SHNFO0.5, (c) SHNF1, (d) SHNF1.5, (e) SHNF2, (f) SHNF3, and (g) SHNF4.
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Figure 6. ATR-FTIR analysis of SHNFs; (a) FTIR spectra of FA, HPMC, RSF, and SHNF1 samples, (b) FTIR spectra of SHNFs with varying HPMC
content, (c) enlarged FTIR spectra of SHNFs and RSF in the Amide IHIl and N-H stretching regions (1100-3500 cm™') with a break applied between
1800 and 3100 cm™, and (d) FTIR spectra of SHNFs and HPMC highlighting the C-O stretching peak and its shift with HPMC content.
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Figure 7. Tensile properties of SHNFs according to HPMC content
(mean=SD, n=5).
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3.6. SHNFs2| E42 A& EAM

HPMC $+aF H3lof a2 SHNFs9| & 4=8(absorption
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Figure 8. Water absorption comparison between SHNFs and a WD
(mean+SD, n=5).
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Figure 9. Cytotoxicity of SHNFs evaluated by LDH release in NIH 3T3
cells (100% and 50% extracts; meanzSD, n=5; p<0.05).
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