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ABSTRACT
Introduction: Nowadays, biodegradable polymer Nano compositesdue to their good mechanical properties and
biocompatibility play importance role in tissue engineering. The aim of this study is to design and assess the cell
viability in reinforced Nano composite scaffold fibrin/PVA with carbon nanotubes to be electro spun.
Methods: The Nano composite scaffold fibrin/PVA reinforced with carbon nanotubes with four different ratios of
carbon nanotube scaffolds were prepared by electro spinning. The porosity of the scaffolds with use ofMatlab
Software, the shape of the porosity, their distribution, and the size of the Nano fibers were all characterized by the
scanning electron microscopy (SEM). The water absorption test and tensile and contact angle measurements were
performed. In addition,MTT assay and trypan blue staining was also performed in order to evaluate the cell viability
on the scaffold.
Results: The mean diameter of fiber fibrin scaffold/poly vinyl alcohol reinforced with carbon nanotubes was 250 nm.
Carbon nanotubes were added to increase the strength and reduce the hydrophobicity of the scaffold. Average size and
the porosity of all samples were in the acceptable range and suitable for cell culture (84.08%). The average contact
angle (34.26°) and average water absorption in all cases confirmed the hydrophobicity of the scaffold (78.61%). The
cell viability assay showed a significant difference (p-value <0.05) in comparison to the control groups.
Conclusion. This study demonstrates that Nano composite scaffold fibrin/PVA reinforced with carbon nanotubes
could be used in cartilage and nerve tissue engineering.
Keywords: Nano fibers, fibrin, electro spinning, scaffold, carbon nanotubes

INTRODUCTION:
Nowadays, the tissue engineering has opened a
new window for treatment of tissue dysfunction.
In this type of treatment, the aim is to create a
functional organ or tissue with use and combining
materials sciences engineering and bioscience, in
order to replace the damaged organ or tissue with
engineered organ or tissue. (1,2) Since scaffolds
act as a substitute extracellular matrix, they play

important role in tissue engineering. In addition to
their biocompatibility and biodegradability,
theyare able to form three-dimensional structure
and allow the growth and the possibility of cells
penetration, exchangeof gases, and providing
nutrients to cell (3, 4). Fibrin with potential ability
to induce intercellular reactions isone of the most
reliable natural scaffolds (5).The unique
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mechanism of fibrin polymerization allows to
change its propertiesbycontrolling the timing of its
gelatinization and alsowith creating diversified
reaction
ambient
between
fibrinogenand
thrombin(6). One of the advantages of using fibrin
as a scaffold is the ability to obtain it from the
patient as autologous and its compatibility with
immune system, so it prevents the rejection of
transplanted organ.
Yang et al. (2008) showed that proliferation of
intervertebral disc cells in fibrin scaffold increased
in comparison with the alginate scaffold and also
decreased cell apoptosis (7). Lucy et al. (2015)
prepared a composite of fibrin/polyurethane and
polydimethylsiloxane (poly (ether) urethanepoly/dimethylsiloxane material and fibrin) and
used it for the culture of skin cells and they
achieved good results (8).
Despite many advantages of using fibrin as a
natural scaffold, its protein structure leads to the
weakening of its mechanical properties. Since in
tissue engineering it is necessarythe process of
growing tissue takes place in vitro partly and to be
transplanted into the body or human organism
subsequently, a scaffold with the appropriate
strength is required.
In order to improve the mechanical properties of
fibrin,Nanomaterials, such as carbon nanotubes
(CNT),could be used. The important features of
carbon nanotubes include low weight, high
mechanical strength, electrical conductivity, high
capillary properties, metal or metalloid behavior,
and their high surface to volume ratio. Recently,
scientists have been interested inthis property of
nanotubes which can mimic the action of collagen
fibers in the extracellular matrix. In their research,
Kawaguchi et al. (2006) produceda combination
of new scaffold of carbon nanotubes of alginate
gel for tissue engineering and evaluated
themechanical properties and biocompatibility of
it compare to alginate gel. They showed that the
aforementioned scaffold has high mechanical
strength. It also had low inflammatory response in
histology assessment of cell viability, and not any
cytotoxicity wasobserved (9). Valiani et al. (2014)
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also investigated human adipose-derived stem
cells
differentiated
into
cartilage
on
alginate/carbon nanotubes scaffold and they found
a significant increase in differentiation factors
compare to the control group (10).
Advances in
nanotechnology
has
been
resultedininvention of new techniques in
production of Nano fiber scaffolds which mimic
the extracellular matrix conditions. Electro
spinning is a simple and efficient method for
production of Nano fibersscaffolds with various
diameters fromfew nanometers to many
micrometers. Properties of scaffolds such as
spatial dimensions, fiber direction, and porosity
are variable with change in electro spun scaffolds
parameters such as field strength, viscosity, and
flow rate. It is possible to transfer the composites
solution into Nano fiber scaffolds using this
method, which significantly improve the
properties of the scaffold. In their research,
Perumchrry et al. (2011, 2013) achieved
significant results by cultivation of stem cells
derived from umbilical cord on electro spun
scaffolds fibrin (11).
In our study, carbon nanotubes were used in order
to increase the strength of fibrin scaffold and for
improving composite scaffold porosity, polyvinyl
alcohol (a biocompatible hydrophilic polymer)was
applied as electro spinning carrier. Fibrin
scaffolds reinforced with carbon nanotubes as
Nano fibers were prepared and itsproperties
(tensile testing, water absorption, contact angle
and porosity) were studied. The viability of human
adipose derived stem cells was evaluated on days
3 and 7 on obtained scaffold.
2.MATERIALS AND METHODS
2.1. Materials
Polyvinyl
alcohol(PVA)
73000W
and
Glutaraldehyde were obtained from Merck co.
Carbon nanotubes(CNT) was obtained from
Nanoamorphus& Material-1281 YJS, Collagenase
type IA, 3-(4,5-Dimethylthiazol-2-yl)- 2,5
diphenyltetrazoliumbromide (MTT), Phosphate
buffered saline(PBS) ,Fetal bovine serum (FBS),
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Trypan Blue, Trypsin–EDTA, and DMSO were
purchased from Sigma-Aldrich Co. DMEM Lowglucose
and
Penicillin/streptomycin
were
purchased from Gibco Co.
2.2. Preparation ofelectro spun composite
scaffold
Fibrin formed cryoprecipitate which is enriched in
fibrinogen. Thrombin as a main component is
required to convert fibrinogen to fibrin. Thrombin
was prepared with cryoprecipitate method using
fresh frozen plasma (FFP) by protocol (12). For
thrombin preparation, 16ml fresh frozen plasma
(FFP) was transferred to the conical tubes. Then,
10ml of calcium gluconate was added to each tube
and the suspension was incubated at 37° C for 70-

90 minutes. Then, the suspension was centrifuged
at 2200 rpm for 10 minutes. Finally, the
transparent
supernatant
obtained
from
centrifugation was contained thrombin stored at 80° C (13).Soluble polyvinyl alcohol (12%wt)
from polyvinyl alcohol powder was dissolved in
distilled water at 60° C by magnetic stirrer as an
'electro spinning-driving' polymer was prepared.
1µg/ml functionalized carbon nanotubes powder
was dissolved in distilled water. Dosage was
selected based on previous study (10). Taking into
the account, that four samples with different
concentrations of electro spun composite scaffold
had a common solvent they were combined
volumetrically according to Table 1.

Table1: Groups (A, B, C, D) and the percentage of its components
Groups A
B
C
CNT
1 cc 1 cc
1 cc
Fibrin 1 cc 1.6 cc 2.4 cc
PVA
4 cc 4 cc
4 cc

2.3. Electro spinning process
A polyethylene piece was designed and made for
simultaneous injection of fibrinogen and thrombin
into two separate syringes. Then, a Y-shaped glass
interfacewas designed. Each solutionwas poured
intoa syringe (so we obtained two syringe one
with fibrinogen and the other containing
thrombin) and two syringes were connected by a
Y-shaped interface.
The percentage of all components were equal
except for fibrinogen and thrombin. Syringes
Needle were placedinto the designed nozzle with
the Blind End (# 18) at the connectionpart and the
electro spinning was performed. Needle distance
to foil collector was 10 to 20 cm and electric field
voltage was 15 to 20 thousand.
In order to perform cross-link for electro spun
scaffolds it was placed intoadjacentdesiccator with
a 25% glutaraldehyde solution for 3 hours (Time
and percentage were obtained based on the
experiences gained in the process). Consequently,
they were immediately placed in a vacuum oven at
100 °C and a pressure of 10 milibar for 24 hours
and eventually, the scaffolds were refrigerated to
be used later.
Ali Valiani ,et al.

D
_
1.6 cc
4 cc

2.4. Scanning Electron Microscope (SEM)
Scanning electron microscope (model XL, 30)
manufactured by Philips Co, Netherlands was
used for identification and observation ofelectro
spun fibers. Firstly, the samples were fixed and
then covered with a thin layer of gold. The
obtained images were processed by software
Image-j (1.44P) for measuring the average
diameter of the nanofibers and average of
poressize.
2.5. Characterization of the scaffold
2.5.1. The porosity of the scaffold
Image Processing Software (7.8.0) Matlab was
used for assessment of average porosity of the
scaffolds and electron micrographs of the crosslinked scaffolds were analyzed using existing
algorithms andporosity percentage of samples was
calculated (14).
2.5.2. The mechanical strength of the scaffold
Five samples of scaffoldswere obtained with
cutting rectangular piece in 5×30 mm sizeand they
were removedfrom the aluminum foil. The
mechanical properties of the samples were
measured at 10 millimeters per minute and 20
Newton load cell by Zwick device (according to
1488
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the standard ASTM D882), and stress-strain curve
was drawn for samples (15).
2.5.3. The average of water absorption
For average water absorption, scaffolds were cut
in sizes of 1×1 m2 and their dry weight were
measured. Then, for 24 hours they were placed
into distilled water and then dried by filter
paperand their weight were obtained using scale
(End-Japan) to 4-decimal place. The average
percentage of water absorption of the scaffold was
calculated from (W-W0/W0) ×100 formula. In
this formula, W is wet weight of the scaffold and
W0 is dry weight of scaffold (16).
2.5.4. The hydrophilicity of the scaffold
12 mm2scaffold was cut and placed on a support
bracket. Then, the contact angle test was
performed with automatic machine (Pendent Drop
IFT Measurement Apparatus_CA-ES10) and the
angle between the water droplet and the surface
level was measured on the right and left side.
2.6. Isolation and culture of adipose derived
stem cells (ADSCs)
In order to culture stem cells and viability
assessment on scaffolds, human adipose tissue
was used.Human adipose tissueswere obtained
from surgery and transferred to culture lab. The
samples were collected in falcon and were rinsed
with phosphate-buffered saline (PBS) and were
digested with 0.1% collagenase A and incubated
for 45 min at 37°C. Then, DMEM low glucose
(LG)
containing
10%
FBS
and
1%
penicillin/streptomycin was added for enzyme
inactivation and they were centrifuged (1400 rpm,
10 min). Supernatant was removed and cell pellet
was cultured in 25 cm2flasks containing fresh
medium with DMEM LG, 10% FBS, 1%
penicillin/streptomycin. The flasks were incubated
in 37˚C and 5% CO2 conditions. The medium was
changes every 3 days. When the cells reached
80% confluence, they were detached with
trypsin/EDTA (17). Passage 3 (P3) cells were
seeded in the scaffolds [Figure 1]. The samples
were collected from patients who filled the
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consent formbefore undergoing liposuction or
abdominal surgery.
2.7. Cell viability and proliferation
MTT (3- (4, 5 - dimethylthiazol-2-yl) -2, 5
diphenyltetrazolium bromide) assay was used to
evaluate cell viability. The culture medium was
drained and washed twice with1.5 ml PBS per
each well in days 3 and 7. Then, 400µl medium
and 40µl MTT (5 mg/ml) were added to each well
and incubated for 4 hours at 37° C with 5% CO2.
After removing the medium, purple-blue formazan
precipitate were dissolved in 400µl DMSO and
plates were kept in dark placein room
temperaturefor two hours. Then 100µl of each
well solution were transferred to 96-well plate.
The absorbance (optical density =OD) was
measured at 570 nm by an ELISA Reader
(Hyperion MPR4).
2.8. Statistical analysis
For analyzing the data, Kolmogorov-Smirnov
method was used for assessment of normal
distribution of the data and ANOVA LSD post
hoc was applied using SPSS Software. (P<0.05).
3. RESULTS AND DISCUSSION
Evaluate fiber morphology
To evaluate the morphology of fibers for four
groups of electro spun scaffolds, electron
microscope images were taken before and after
the process of cross-link (Figure 1 and 2). Images
of the fibersshowed a uniform structure for all
four groups without bead appearance. The
assessment of Nano fibers diameter showed the
minimum diameter of the Nano fibers was
observed in group B and maximum diameter was
seen in group D (Diagram 1). Also, the image
analysis with higher magnification showed fine
cracks in group D among Nano fibers lacking
carbon nanotubes. All parameters in groups B and
D were the same except for adding carbon
nanotubes number and it seemsadding carbon
nanotubes results on decreasing fiber diameter and
their incorporation into the group B compare to
group D.
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Generally, an increase in Nano fibers diameter
was observed with increasing fibrin amount and
decreasing or eliminating of carbon nanotubes
from composite scaffold. The issue could
bejustified by increase offibrin clotting tendency.
In this study, an average diameter of 250 nm was
obtained for Nano fibers(Sample B) whichwas
lower than the finding of Ravichandran R. et al
obtained an average diameter of 400 nm from the
electro spun composite scaffold fibrin/poly
glycerol Sebakit(18). In addition, Perumcherry
SR et al. obtained the average fiber diameter of
500 nm from the electro spun fibrin which is
almost twice the average diameter of the Nano
fibers obtained in this study (11). In sample B, a
slight increase in pores diameter and asignificant
increase in cell viability were observed
(P<0.05).Most likely, reducing the Nano fibers
diameter results onincreasing interaction between
the scaffold and the cells and strengthening the
scaffold for culture preservationand increasing
materials exchange and consequently increases of
cell viability.
The results of porosity and an average rate of
scaffolds water absorption
Table 2: Profile of the scaffold for four samples
sample Pore size (µm) (%) Porosity

(%) Water Absorption Contact angle
80.45%
37.65°
77.27%
35.26°

A

7.5±0.22

83.9%±2.1

B

8.1±0.34

84.71%±2.3

C

7.7±0.21

83.91%±2.2

72%

33.52°

D

7.1±0.32

83.81%±2.3

84.72%

30.61°

The effect of carbon nanotubes on the
mechanical properties of the scaffolds
In order to assess carbon nanotubeseffect, the
mechanical strength of B and D samples were
measured (Diagram 2).
This survey showed an increase of mechanical
(tension) strength from 45 ± 4.9 in the sample D
to 70 ±10 in sample B. Young's modulus showed a
two-fold increase in a sample containing carbon
nanotubes and provides sight on carbon nanotubes
dramatic impact on increase mechanical properties
of the scaffold.
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The obtained results from measuring the average
of size and porosity and scaffolds water
absorption are given in Table 2. Sample B has a
maximum pore size and sample D has the lowest
pore size. The porositypercentagefor samples are
almost similar, but sample B shows a slight
increase which is probably due to the reduction in
the diameter of the preparedNano fibers.
According to the results of 24-hour water
absorption fromTable 2, sample D has a maximum
amount of water absorption which is due
toincrease of fibrin ratio in the composite compare
to its other components. Table 2 provides the
average water contact angle with the surface
during the first 40 seconds for each sample. The
most and least hydrophilicitywas seenfor sample
D and A, respectively. The size and density of the
pores and also hydrophilic surface of the scaffold
has an important role in the migration and
filtration of cells and macromolecules. It can also
be effective on controlling minerals and waste
movement. Electro spun scaffold pores size
(micro) causes entry of the cells into these pores
and in addition totransitof materials,it has great
impact in cell adhesion and other cell
behaviors(19).

MTT Assay
Viability and proliferation of stem cells were
assessed
after
interacting
with
electro
spunfibrin/carbon nanotubes scaffold with
usingMTT assay in third and seventh days. In this
method, yellow MTT solution was pouredinto the
living cells which caused reduction reaction and
created purple precipitate as foramazancrystals in
living cells by succinate dehydrogenase enzyme
present in the mitochondria, which proved the
evident of metabolic activity in the cells. The
viability rate and proliferation of stem cells
1490
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decreased in fibrin group compared to control
group (monolayer culture) and it showed that this
decrease was significant in the third and seventh
days. On the third and seventh days, an increase in
cell numbers and the viability was observed in
electro spun groups compared to the control
group, which was statistically significant. A
significant increase in cell viability was observed
for group B with electro spun scaffold (P-value ≤
0.05) (Figure 3).
The results shows that the proportions of
components in group B was more suitable for cell
viability andAand C groups are cytotoxic.
According to the studies, high doses of the carbon
nanotubes are cytotoxic (20). But in group D,
medium causes early degradation of the scaffold
and decreased cell viability due to the reduced
mechanical strength of the scaffold. However, cell
viability is higher than the one of control group.
Trypan blue assay
Trypan blue (TB) is a vital stain. The reactivity of
TB is based on the fact that the chromophobewas
negatively charged and wasn’t interacted with the
cell unless the membrane was damaged.To review
the ratio of living cells to dead cells on the
scaffolds, trypan blue staining was performed in
the third and seventh days.Dead cells membrane
changes to dark blue by this stain but live cells
show resistance against stain entry.The ratio of
cells viability was calculated by the following
formula:
Cell viability = Cell viability of groups/Cell
viability of control group x 100
Proliferation rate in fibrin group showed a
significant decrease compare to control group
(monolayer) for days of third and seventh. A
significant increase in cells number and viability
were seen in electro spun groups compared to the
control group. Also, an increase in cell viability
has been observedfor electro spun groups
compared to the fibrin group which was
statistically significant for third and seventh days.
In group B, a significant increase in cell viability
was observed specifically on the third day. (P-
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value ≤ 0.05) (Figure 4). The results of trypan
blue staining confirmed the results of MTT assay.
CONCLUSION
Obtained information of this research in addition
to method of constructing and assessment of
composite scaffold fibrin/PVA reinforced with
carbon nanotubes and study of viability of human
adipose derived stem cells on these scaffolds
provide beneficial results for using them in
cartilage and nerve tissue engineering by
simulating of extracellular matrix for tissue
differentiation. The produced scaffold has natural
fibrin benefit and reinforced mechanical
characterizations of carbon nanotubes in addition
to having high porosity due to transforming to
electro spunNano fibers.
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Figure1. Scanning electron micrographs of four samples before the cross-linked scaffolds (1000 X)
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Figure2. Scanning electron micrographs of four samples after the cross-linked scaffolds (1000 X)

Figure 3: Adipose derived stem cells in the first passage
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Diagram 1: The average fiber diameter of electrospun scaffolds in various groups

Diagram 2: Stress-strain curve (Stress-strain curve) of the sample with carbon nanotubes (B) and sample without
carbon nanotubes (D)
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Diagram 3;In the third and seventh days viability results showed (A (1) ... D (4)). (* Significant difference in fibrin
group compared to the control group) (P-value ≤ 0.05)

Diagram 4;Trypan blue assay in the third and seventh days, results show.(A (1) ... D (4)). (* Significant difference in
fibrin group compared to the control group) (P-value ≤ 0.05)
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