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ABSTRACT

industry. Electrospun nanofibers with interconnected structure, high surface-to-

volume ratio and good porosity are used in various medical fields. Nanofibers
morphology is very effective in their mechanical, thermal, physical and biological
properties. The aim of this study is to produce structures with smooth surface and
minimized diameter.
Methods: Production assessments are made on hybrid nanofibrous structures using
combinations of poly(vinyl alcohol)/chitosan (PVA/CS), and gelatin/polycaprolactone
(Gel/PCL). The process is done through the electrospinning process of two nozzles
facing each other. For this purpose, Gel/PCL has been injected from a nozzle and
CS/PVA from another nozzle and the produced nanofibers are collected on a rotating
collector. By a Taguchi test design the effect of variable parameters (PVA/CS ratios
Keywords: 0f 90:10, 80:20, 70:30; gel/PCL ratios of 80:20, 50:50, 20:80; and CS/PVA feed rates
of 1, 1.5, 2 mL/h) on morphological properties of the produced scaffold is evaluated.
Findings: According to the results, nanofibers with the blend ratios of 75:25 and
80:20 for CS/PVA and gel/PCL, respectively, and feed rate of 1 mL/h for PVA/CS
showed an average diameter of about 130 nm and a suitable morphology. A hybrid
scaffold made of gel/PCL-PVA/CS can be considered as a very suitable and practical
biomaterial in the field of diabetic wound healing, because the presence of gel and
CS as natural polymers with excellent biological properties and PCL with high elastic
property provide good conditions for imitating natural skin behavior.

Hypothesis: Nowadays, nanotechnology has an important role in the medical
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Table 1. The examined factors and their levels.
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Parameters
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Table 2. Designed experiments and the amounts of feed rate

for PVA/CS and Gel/PCL solutions.

Blend ratio Feed rate (mL/h)
PVA/CS Gel/PCL PVA/CS Gel/PCL
90:10 20:80 1 0.63
90:10 50:50 1.5 0.95
90:10 80:20 2 1.3
80:20 20:80 1.5 0.9
80:20 50:50 2 1.2
80:20 80:20 1 0.6
70:30 20:80 2 1.13
70:30 50:50 1 0.55
70:30 80:20 1.5 0.85
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Fig. 1. The effect of solvent on the morphological properties of PVA/CS nanofibers (applied voltage 15 kV, electrospinning dis-

A

tance 14 cm, and flow rate 1 mL/h): (a) water and (b) acetic acid.

PVA/CS-Gel/PCL Sl b S5 olss 5 it Jalse 51

ol sdal ilosl b

(Sl Lol 531 e B Ll 5 0 BUIEL b IS

U el sl ealaad

ok

Sk S

3L

S VAY/# nm

Py

I B
SUl b S8 ol ol

>

g S

LoaS Wl el

sba el

o

5 el Slex Sl eslid U 5 S
b Sl el b 6k SUISE Y] 4 W5 sl

Dl s X

3 kb sl S0 L

1,

b 3 S e

1Ol (s ks

qu g_)'i‘ DL JJ)‘KLfo JS
L3

LG

Lol

S kb s ka2 ST

YOV/AY nm U Y¥Y/\+ nm 63 gd>we LJL:J‘ L;b; o ldodalin

aS LS A

s

i

Lol A

JQ:J‘)JL’ C,wv..:)\b @

St & by e SEM sla K5

ol b

i

L3l b (BUIL & by e Vs ST s [YY]
oxlital b syl 53 ol ok plnil oS a3 L U & ol

sl

M

13 903 ol oy (5

S

L}gﬂi DL Lﬁd‘

Q}Ju.jthd@\g)ﬁ&n%bdg.id‘)éﬁjkbm |

IR PRREW

v

ol osls olis

oo bl >k

S

)‘ o.lﬂ‘@.wbd..o 4.;}&.'» q )‘ JJ[}- }la.g B aJ\J:rbu‘ 6[.&‘):4*&)\

i)

Jolss

Yo sk s L

£

et & o

Qﬁ'

4l

PP (P

.k:a-nﬂ‘ AJ.:: ..’\.J

Q;.é;u.‘))

Sl sdalie J.vuyl.’)jjg.:ﬁ 63 gd>we >

# slad sl 5l
33 8 das e OliS oS

PVA/CS . & 7

2l

o=

“p

‘)L’(}Lw L ;J'.‘{-

Lo

b Ol s

—

V&N 92 pael= 313 50 (¥ 0 )lash amizg w0 JUw ol (59J9iSS 9 pole ( sole dlxo

Y-y



kS
>
3
P
)
3
3
3
3
:
3
2
3
:
-]
A
3
2

323G 03353 (S3eo jaS) dwd yo

50 4

40

20

(=
on

sIoquInN

10

160 200 240 280

120

Diameter (nm)

VEGAS TESCAM|

7 —

WO 1488 s
et BE

08w

e e
Ve fatd 10 4 pevr

:
§
{
i
:
o
i
:

(a)

RN
otatateta ittt et bt
ettt Rt
oA R
ettt ettt bt
ottt ittt ettt
ettt
ettt tatetatetatte ettt ittt ittt
LRI

ottt tate ity
etattetitetitetatite ity
Y
ettt it

70 4
60
50 4

SIaquINN

S O O o o
< N AN —

160 250 330 420 510

70

Diameter (nm)

VEOAS TRSCAN

(b)

A0 KV saddles! 315) PVA/CS-Gel/PCL GUl ol JS5 D 31 =Y IS

J..VJ_JJJ&J‘MU

(Y mL/h 40 ce 0 5 V¥ cm

3 uT (a)

el Szl (b)

Fig. 2. The effect of solvent on the morphology of PVA/CS-Gel/PCL (applied voltage 15 kV, electrospinning distance

14 cm, and feed rate 1 mL/h): (a) water and (b) acetic acid.
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Fig. 3. SEM images of hybrid samples produced (Table 3) by using Taguchi desing method.
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feed rate on the diameter of nanofibers.
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Table 4. Response table of ANOVA analysis for the diameter of samples.

i Importance Is it significant?
Factor DOF (f) | F-Ratio (F) P-Value
percentage (%) (P-Value < 0.05)
A Blend ratio PVA/CS 2 30.846 38.933 0.031 Yes
B Blend ratio Gel/PCL 2 21.066 26.175 0.045 Yes
C Flow rate of PVA/CS 2 23.746 29.672 0.04 Yes
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