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ABSTRACT

vascularreplacement problems, especially low diameter grafts. Electrospinning

is a cost-effective and versatile method for producing tissue engineering
scaffolds. Although this method is relatively simple, but at theoretical level the
interactions between process parameters and their influence on fiber morphology are
not yet fully understood. In this paper, the aim was to find the optimal electrospinning
parameters to obtain the smallest fiber diameter by Taguchi’s methodology for
vascular tissue engineering applications.
Methods: The scaffolds were produced by electrospinning of a polyurethane
solution in dimethylformamide. Polymer concentration and process parameters were
considered as effective factors. Taguchi’s L9 orthogonal design was applied to the

l l ypothesis: Vascular tissue engineering offers innovative solutions to the

experiential design. Optimal conditions were determined using the signal-to-noise
' (S/N) ratio with Minitab 17 software. The morphology of the nanofibers was studied

vascular tissue engineering, by an SEM. Then, human umbilical vein endothelial cells (HUVECs) were cultured on
electrospinning, the optimal scaffolds to investigate cellular toxicity of the scaffolds and cell adhesion.

Findings: The analysis of experiments showed that polyurethane concentration
was the most significant parameter. An optimum combination to reach the smallest
Taguchi’s methodology, diameters was obtained at 12 wt% polymer concentration, 16 kV of the supply voltage,

optimization 0.1 mL/h feed rate and 15 cm tip-to-distance. The average diameter of the nanofibers
was predicted in the range of 242.10 to 257.92 nm at a confidence level of 95%. The
optimum diameter of the nanofibers was experimentally 258430 nm, which is in good
agreement with the estimated value of the Taguchi’s methodology. Cell viability was
also reported to be 88.59% and the cells showed good adhesion to the scaffold. These
scaffolds can show promising results in mimicking the extracellular matrix and thus
in vascular tissue engineering.

polyurethane,
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Table 2. L9 orthogonal array design for selected factors and

levels.
Factors
Run PU Voltage Distance | Flow rate
(wt %) kV) (cm) (mL/h)

1 12 12 12 0.1

2 12 16 15 0.2

3 12 20 18 0.3

4 16 12 15 0.3

5 16 16 18 0.1

6 16 20 12 0.2

7 20 12 18 0.2

8 20 16 12 0.3

9 20 20 15 0.1
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Table 1. Four factors and their levels selected in Taguchi’s

experimental design.

Factor Symbol Level
1 2 3
Polymer Concentration (wt %) C 12 | 16 | 20
Voltage supplied (kV) A% 12 | 16 | 20
Distance between collector and D 12 | 15 | 18
tip (cm)
Flow rate (mL/h) F 0.1 102103
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Fig. 2 SEM micrographs of electrospun PU nanofibers used in DoE study (all scale bars represent 5 um).
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Fig. 3. Frequency contribution of electrospun polyurethane fibers in the design of experiments.
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Table 4. Response table for means of PU fiber diameters and S/N values.

Means of fiber diameters (nm) Means of S/N values
Level
C \% D F C \% D F

1 274.36 357.9 367.2 352.36 -48.75 -50.89 -51.10 -50.78

2 384.1 351.23 351.7 368.93 -67.51 -50.73 -50.74 -51.12

3 427.76 377.1 367.33 364.93 -62.52 -42.51 -51.19 -51.15
Range 1534 25.87 15.63 16.57 18.76 8.38 0.45 0.37
Ranke 1 2 4 3 1 2 3 4
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Fig 5. Main effects plot for signal-to-noise (S/N) ratios of

electrospun polyurethane fiber diameter.

YOV/AY nm U Y¥Y/V\+ nm 63 9l>wa 4> JgL: 07 QL,_.QJG\ C_}a.w
(Y)@Uax@@jb(qﬁwﬂjem@zwpbojy
Sl s 1 BU as Ol 5 e dslas ol SeSw ol ool 5 5o

[fA] > 5 SR A

N=T+(Cl-T)+(V2-T)+(D2-T)+(F1-T) )

4 et 50k T ool g i 8 ke M elsles ol 5o

Histogram (with normal curve) of best

Mean 2585
16 1 StDev 3069
N 100
14
12
2
2 101
=
1
S
6
4.
2
0

200 220 240 260 280 300 320

Fibers diameter-Best (nm)

(b)

35 sdalsns 0l 5 2SI PU GUIHLE 3 - Sl sl 5 3 Sl 1) 5 03030 b L ag 4503 SEM ,.Se (a) -# IS

(0 cem smL/h /) VF KV PUNYL) g Loyl
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