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ABSTRACT

l l ypothesis: The main components in tissue engineering are scaffolds, cells, and

growth factors. Also, the use of a bioreactor can provide a greater similarity

to tissue conditions by mimicking physiology. The hypothesis of this research
is to confirm the synergistic effect of dynamic conditions on the adhesion, growth,
and proliferation of mesenchymal cells cultured on a conductive electrospun scaffold.
Methods: Nanocomposite scaffolds based on polyvinyl alcohol and multiwalled
carbon nanotubes at concentrations up to 0.3% (by wt) were prepared. SEM images
were used to examine the fiber arrangement of the scaffolds, while mechanical and
porosimetry tests were employed to assess their characteristics. A special bioreactor
was designed and constructed to simulate dynamic conditions such as heartbeat. The
acridine orange test was used to examine cell growth.
Findings: SEM images revealed the fiber arrangement of nanocomposite scaffolds
composed of nanofibers with diameters ranging from 60 to 90 nm, exhibiting a porosity
Keywords: of more than 80%. By applying heat treatment, water absorption decreased to less than
10%, and the contact angle ranged from 31 to 57 degrees, both indicating the structural
stability of the samples in aqueous environments. The results of the mechanical
properties test of the scaffolds showed an increase in the modulus of the scaffolds up
to 2 times and a decrease in the elongation-at-break compared to the pure scaffold.
The results of the cell viability test, cell morphology by SEM, and acridine orange
cell staining after 48 h, confirmed the non-toxicity of the scaffolds. By comparing on
pure scaffolds and nanocomposite scaffolds, the positive effect of conductivity on cell
growth and proliferation is evident. Additionally, comparing the impact of dynamic
conditions with static conditions reveals that nanocomposite scaffolds under dynamic
conditions provided better cell proliferation and adhesion. The scaffold containing
0.2% (by wt) MWCNT exhibited the best biological performance.
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Fig.1. Biological reactor: (a) real image, and (b) cartoon sketch.
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Table 1. Selected variables and levels.

Variables Level 1 | Level 2 | Level 3
PVA concentration (wt%) 55 6.5 7.5
Voltage (kV) 15 17 19
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Table 2. The variation of viscosity verses concentration for

polyvinyl-alcohol solution.

PVA solution
Viscosity (mPa.s)
concentration (Wt%)
5 70
6 90
8 210
10 410
14 1690
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Table 3. The results of the experimental design using the Taguchi’s method.

PVA concentration Voltage Nanofiber diameter (nm) | Nanofiber diameter (nm)
Test number
(wt%) (kV) (first collection) (second collection)

1 1 1 123 125
2 2 1 178 175
3 3 1 228 230
4 1 2 110 107
5 2 2 162 165
6 3 2 203 207
7 1 3 85 88

8 2 3 135 131
9 3 3 182 181
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Fig. 2. SEM of PVA nanofibers based on the Taguchi’s experimental design (scale- 3 pm and magnification 20k), micrographs (a)

to (i) are related to conditions of 1 to 9, respectively.
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distribution diagram.
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Table 5. Porosity percentage of nanocomposite scaffolds.

Nano Calculated Porosit
fiber-nanocomposite density of ) y
scaffolds scaffold (g/cm?) ’
PVA 0.72 5.54+ 85.8
PVA-0.1%MWCNT 0.73 3.12 £ 80.8
PVA-0.2%MWCNT 0.75 5.49 + 86.3
PVA-0.3%MWCNT 0.77 4,73+ 87.8
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Table 4. Statistical results related to the calculation of the

diameter of PVA-MWCNT nanofibers.

Samples Average | Standard deviation
PVA-0.1%MWCNT 61 12.24
PVA-0.29%MWCNT 69 17.63
PVA-0.3%MWCNT 75 20.11

o gy B3l 5oL oo b (gdasans glaSid 5 00 4050
& dsde s sdiall Ul slaesls elulyy Wles S sl
53 GBUISL k3 5 syls 513 e=Ve nm essdoes 3 ad Sl
s NV shls dseld s sl Ve nm 1 S ad sl plas
S ety Ve mm s L G Ssled 50
LSS L s 556 ks U A5 sdtasols &S cils
o «olisl SMELL il LS S 5 ol 53 i
ol 58l i e edalie ol 4Bl 53l 4y nm o« GBUISL s
b il Com g caliis slagdud g0 8 ;3 MWCNT w5
doys ypim 53 Jidoes 6,01,8 5L il 58l e SUIsL
o3 dowe 53 BUI Jad Lags (pl sy b s sd 0 MWCNT L5
Ol b IS ol (S sl S35 51 S sk 5 s 8
Shlagy 5 el ol B e paas 55 S Ll s e
5l e PVA-MWONT  slac s 55 eddodalin
St 58 63 53 o 5l Al el o gllan il (S
s o3 ool 5 glasl Sl e Sl LS Gl b

[T S o ol 3 5 2L

w1 oles

Jodss w5 (AN

cw&&dm):)%c:fi&emmo Jsd= 53 a8 5 5bokea
ke sl 58 s aS ol (AT 51 R) oL Jlees ey sls
22 SIS LB ol Jelss agls 3 sl e sdeee 5o 5L
S slie il slge Gl 5 O 5eST U5l sk 3lg0 355 g
L bsatly iS5 5 Al (S glp oY Ll 3 5 4S5 e
O b b s dans (e cpl s ssle o el
L 4 YA] ol o tilbons (V) lslen ol s 5 0
Al e Gl s i (Dl 80 IS HL i i1l
s YL sl e sl lacansls gk s sdalis

VEE QLT i i 0 Loy it 9 om0 s cpoly 5399935 9 ol wirole Alzo Yaé



e )5 (S &gJg3L /(S Jaisg ) ks © 3o aass 99 )3l s 1S 53 ol jo ATBL Sy

Before water absorption

LY Aad e dl.)_bﬁ\ b LR
WSpmiom Gladisg GRlBl s Sk glaes S hals
T UKE a8 5 sbolen b o a5l O s 0 -t U e sl
Caals 4 Ol 5 oo 1y 5y cpl i 4l 2alS e sz ss]
SWos S o s SRR 555 oS St 5 SOl b
44.«g—jQ.;\:MWJ\JCLAJJ(JQIJ%))&M})M
Sl 25 5 (S Gl olad a5l a5 o slan 03500
3 Sk Gl ol 4 S (S ) b A0
A glastl 1SS

Clcds ol s Slejes cpl 23l kige it S

70

50,74

a5

L ——

Contact angle (°)

PVA-0.1% PVA-0.2% PVA-0.3%
MWCNT MWCNT MWCNT
Samples

Fig. 6. Contact angle of nanofibrous scaffolds.
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Fig. 5. SEM micrographs of polyvinyl alcohol nanofibers (1-micron scale and 30K magnification).
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Table 6. Water absorption % of nanofibrous scaffolds

Nanofiber-nanocomposite scaffolds | Water absorption (%)

PVA 7.00
PVA-0.1%MWCNT 5.21
PVA-0.2%MWCNT 4.89
PVA-0.3%MWCNT 3.45
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Fig. 7. Mechanical properties of scaffolds: (a) before heat treatment and (b) after heat treatment.
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Fig. 9. Morphology of cells on PVA-MWCNT scaffolds in

static conditions.
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Fig. 11. Acridine orange cell staining images, after 48 h.
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Fig. 10. Morphology of cells on PVA-MWCNT scaffolds in

dynamic conditions.
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