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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 poly(vinyl 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 versus concentration for

poly(vinyl alcohol) solution.

PVA solution ; _
i 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 Taguchi’s method.

PVA concentration Voltage 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 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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Fig. 4. Electron microscope micrographs (3-micron scale

and 20k magnification) and nanofiber diameter frequency

distribution diagram.
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Table 5. Porosity percentage of nanocomposite scaffolds.
Nanofiber- Calculated

} ! Porosity
nanocomposite density of )
scaffolds scaffold (g/cm?) (1)
PVA 0.72 5.54+85.8
PVA-0.1%MWCNT 0.73 3.12+£80.8
PVA-0.2%MWCNT 0.75 549 +86.3
PVA-0.3%MWCNT 0.77 473+ 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
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Fig. 6. Contact angle of nanofibrous scaffolds.
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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.

G slin il 53l o ot iS55 pa e 1L
3o o ge LJJ s o (’J}; B ()JJJ;— Al s e ls
Sl S ol el okd 55 0T (S ol a5 G
oot b e ls 5 (el g Dl S wkige (las )8
St o Sas ol s Glalases 5o (SO g"-iziw‘ Li~
Wdas e Ol SSKG (slad ge] El e o AL il
A5 Al (ol S Slles 5 o S glad 5L Olesen S 5
Jee )b AU sl b SO (ol 5 s 5 kS

AS o (..alj_e (J{J\

Sl WG 9 Wby (wy g
Syl L 5 PVA lacay)ls ¢l MTT Oye5] ol
aliss 23X slado s b ooyl gade oS slad J gt shls
“ 6‘42>L3 J:.'I.ij E) L;W el ol ey OLES A Jgﬂl BE

140
sStatic ®Dynamic #Control
120+
£ 100
2
= 80
o
<
S 601
S 407
201
0
PVA PVA-0.1% PVA-0.2% PVA-0.3%
MWCNT MWCNT MWCNT

3 PVA lacauls ¢l MTT o505 zl A S
Ol gl 508 550
Fig. 8. MTT testresults for PVAscaffolds and theirnanocomposites.

5 e olpe DolS gl ol (Gla e 05 Sl B ped 15
53 Sy SO Ik SRS s A Sl Gl )5 Sl O3S
525500 50 gl ls (ol oo S o (68 sl o slalas
Sl pals (S s s) b Cosls 4 s PVA-MWCNT

s e Ol Sy s )8 Gl s Soslas 5 505 5

S olgs (9)
Glacals (SO i b Job b3l 5 plSoual (SSL Jsua
S5 Sos VLGl 255008 5L sl 5 2l PVA
ol e3ls QLY IS 5 gl S Slles 5l e 5 G oS
03350 035330 35 o sdalie dacionsls Jske avslia 3
035 il 31 1) Cpsls Jde ¢l @500 a5 Carnd e s 4
SOl ol 5oL Sl Sleds dade 4 Sl ol el
Jolo 8 oS 3 ph e 03l o (S glad U ar s L6
Fie 5 DS e Ll e e Sle 3 eS8
o5 Sose 53 eish dad JoU 4 (UK L o) by e Sl
03 5 Lee)ls (e SRl 5L L s a0l b
b b sbssl Rals Olesen 50 KL dode Sl bl e
35U A 558 e edaline 135S 5L ladisad 55 SHL abi
s liS Ty 58 5B Dy slme 3 (S peady Sla il S e Ol g
das e 0L (B) VS Gillas « ple S Dllas 1 e
e yzen ) gbas i sls KL Jsde ol b pl sl 3l s a5
Slkes ol a3l [2alS SL abai b Jgb sUssl 5wl il 3l
5 Sonsh S 3 SRS e eI sl ol S
23 Gk ey S e Jals 5 s OVl sl
Gl bl 1SS 4 culg e o8 apd s (IS Jeus)

VEE T o € 0 Lo i 9o JUs cposl (5 33lis 9 ol rale alzo Ya¢



e )5 (S AgIg3L /(S Jaisg ) ks © s uass 99 )3Tl s 1S (§9) (esiiil o ATRL Sy

Scale 30 microns Scale 10 microns

PVA

PVA-0.1%
MWCNT

PVA-0.2%
MWCNT

PVA-0.3%
MWCNT

PVA-MWCNT L;LA g:,w..g)‘J XD LAA."?-Li ‘fﬂLM;' }S.L‘ -9 }i W
bmi\ .JGJ_‘J..;' DL
Fig. 9. Morphology of cells on PVA-MWCNT scaffolds

under static conditions.
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