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Abstract

The neural tissue engineering has been designed as a subset of tissue engineering for treating congenital malformations and
accident injuries, particularly for individuals requiring tissue grafting. Such transplants, usually performed as autografting,
can often not meet the requirements of an effective scaffold used in nerve tissue engineering. A novel neural tissue scaffold
was introduced here to solve the problem concerning the reduced graphene oxide. The three-dimensional graphene oxide in
the neural canal restricts the formation of fibroglandular tissues and facilities neural stem cell proliferation and growth. In
these techniques, graphene oxide aerogel was initially made. Then, the freeze-drying process was used to fix the geometry of
reduced graphene oxide hydrogels prepared using graphene oxide dispersion and ethylenediamine and gain aerogels. The X-ray
diffraction patterns, FTIR and morphological related to samples were examined, followed by conducting in-vitro micropropagation
and 4, 6-diamidino-2-phenylindol (DAPI) staining in fibroblast and P19 cultures. The results from immunofluorescence staining
demonstrated the neural differentiation of P19 cells. It can be concluded that most cells attached to and differentiated on the scaffold
surface and axons can penetrate randomly through them. Finally, the three-dimensional graphene oxide was proposed as an ideal
alternative to be used in neural tissue engineering.
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1. Background

ECM plays ansubstantial role in cell setting behaviors
by influencing on cells through biochemical messages and
topography factors and adjusts hemostasis (balance) of
the cell.

Reconstruction of the spinal cord and improvement
of the function of the isolated neural tissue requires an
extracellular matrix to guide the neural cells and the
absence of this matrix is the major limiting factor. In vivo,
cells are enclosed in three-dimensional microstructures.
These structures named extracellular matrix (ECM)
are composed of collagen and regulate cells, elastin,
and laminin, at the nanoscale level each having its
specific bioactive role. ECM plays a considerable role
in regulating cell behaviors. In fact, it affects cells
through biochemical messages and topographic factors
and regulates their homeostasis. In vivo conditioned
cells are in a three-dimensional environment and
compared to two-dimensional culture, they exhibit
different morphology and phenotypic characteristics.

Consideringly, a structure similar to the ECM could
provide a more suitable environment for directing cells
in migration, adhesion and proliferation functions. A 3D
model can provide a better sense of the phenomenon
occurring in vivo under laboratory conditions. In this
space, graphene can be a good substance for scaffolding
with the ability of discerning stem cells from neural ones.
Recently, graphene and its derivatives have been utilized as
constituents of several carbon-based substances including
1D tube-in-tube nanostructures, 2D layer stacked films, and
three-dimensional hydrogels (1-4).

Graphene, as one of the carbon allotropes, has
different properties than other allotropes or carbon-based
compounds e.g. benzene. As a result of these unique
properties, the application of graphene in tissue
engineering has certain advantages. Its substantial
features as low molecular weight, elasticity, electrical
conductivity, and adsorption of protein may change the
orientation of stem cell differentiation and neural cell
proliferation. Another important feature of graphene that
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is remarkable in tissue engineering is its ability to absorb
protein and low molecular weight chemicals. By secreting
various substances, cells can grow or communicate with
neighboring cells. These materials, after adsorption
onto graphene, contribute to cell proliferation and
differentiation. Adsorption of lightweight molecules and
proteins on the graphene surface occurs through ionic
bonding and hydrophobic interactions between nerve
and stem cells cultured on graphene (5, 6).

2. Objectives

Materials involved in nerve cell guidance must be able
to physically support axonal development and not be toxic
or irritating. They should also be viably able to modify and
improve the loading site of molecules promoting growth
and guidance (7, 8).The effects of graphene oxide aerogel
(GOA) when applied to neural cells on their behavior and
differentiation will be discussed in detail. Then, the results
of cytotoxicity studies on GOA will be presented.

3. Methods

3.1. Materials

Ethylenediamine, natural graphite, and H2SO4 (97%)
were purchased from Merck (Darmstadt, Hesse, Germany).
KMnO4 (99%), and H2O2 (30%) were provided from Sigma-
Aldrich (Saint Louis, MO, USA). Mouse fibroblast cells
(L-929) and P19 cells from Genetic Institute of Iran. To
get the required material of Trypsin-EDTA, DMEM-F1
(Dulbecco’s Modified Eagle’s Medium) solution and fetal
bovine serum (FBS), we bought them from Gibco BRL
laboratories, Germany.

3.2. Synthesis of Graphen Oxide

Graphene oxide (GO) was produced according to
Hummer’s method. In this chemical process, natural
graphite (1 g) was mixed with H2SO4 (50 mL) in a pyrex
reactor with a volume of 10 L. The reactor was fitted
with a water cooling system. The mixture was stirred
at a rate of 400 rpm for a duration time of 10 min.
Afterward, KMnO4 (6 g) was gradually poured on the
content of the reactor within 60 min and the prepared
mixture was agitated for a duration time of 120 min
at a rate of 800 rpm and room temperature. In the
following step, using an amount of D.I. water (100 mL,
GFL, Germany), the generated suspension was diluted.
After that, some amount of D.I. water (200 mL) and H2O2

(6 mL) were poured on the mixture to remove excess
metal reactants and ions from the mixture. Consequently,
the reaction mixture color was altered from green-brown

to a brownish-yellow. Then, through centrifuging at a
rate of 6000 rpm for a duration time of 60 min which
repeated 4 times, non-target materials such as salts and
acids were separated. This step was applied by SIGMA 3 -
18K Centrifuge.The resultant centrifuge top solution then
exposed to the ultrasonic waves for a duration time of 30
min. For this step, an ultrasonic bath of Elmasonic was
used which adjusted at a frequency of 40 kHz and a power
of 150 W. subsequently, the obtained transparent stable
aqueous suspension of GO was centrifuged at a higher rate
of 2000 rpm for a duration time of 15 min. As the ultimate
step, GO suspension was filtered using ashless filter paper
circles and the prepared material was placed in a vacuum
oven at a temperature of 70°C for a duration time of 24
hours to be dried (9-11).

3.3. Highly Porous Graphene Oxide Aerogel Synthesis

According to the conventional method (12, 13),
a homogenous mixture is first made of GO and
ethylenediamine and then the mixture is placed in a
glass vial and sealed. The glass vial is heated for 6 hours
at a temperature of 90°C. This process is aimed at the
hydrogel synthesis from functionalized graphene. After
the reaction is complete, the process product is washed
with a large amount of water to remove the GO that
has not entered the hydrogel network. Also, to ensure the
withdrawal of non-reacted ethylene diamine, the prepared
hydrogel was washed with double distilled water every
four hours. This washing process was continued for 48
hours. Finally, the washed hydrogel was placed in a freeze
dryer for 24 hours.

3.4. FTIR

In the present study, to detect the bonding and
chemical structure of GOA, FTIR spectroscopy of the NEXUS
870 Thermo Nicolet Company in the United States was
used.

3.5. Scanning Electron Microscopy

The scanning electron microscopy (SEM) images were
captured using the scanning electron microscope (Seron
Technology, AIS-2100, Korea), and these examinations were
carried out at the room temperature. Before imaging,
samples weresputter coated with gold in order to have
conductive surfaces. They were coated with Au for 10 min
prior to the measurement.

3.6. X-Ray Diffraction

To determine the crystallization percentage of GO
and produced GOA and comparing them with each other
as well as comparison of crystallization percentage of

2 J Clin Res Paramed Sci. 2021; 10(2):e119221.



Zeinali K et al.

aerogel, the X-ray diffraction (XRD) spectrum was used. For
this purpose, the machine made by model EQUINOX3000
Inelcompany, from German country, was used and the
samples were checked by the use of X-ray at 40 KW and 30
mA, and 900 Watts. The range of angles studied was 5 to 30
degrees.

3.7. MTT Assay

For the cytotoxicity test of the MTT, we selected the
L929 mouse fibroblast cells. First, a general examination
was performed on the cells to ensure their proper
condition. This task was carried out via observing the cell
count, the morphologic structure of the flask containing
the cell, and culture medium.

In this study, the principal requirement was the
viability of the L929 cells based on the standard number
ISO10935. In order to sterilize the samples, they were first
exposed to UV rays. Cell concentration was adjusted to 1 ×
105 cell/mL. Moreover. Placement of the scaffolds was in a
triplicate in 24 well plates, and 1 mL of cell suspension was
added to each well. Since a total of 3 wells were designated
for the control group, they did not receive any scaffolds.
The incubation of the samples was carried out with 5% CO2

in the atmosphere and at 37°C. The incubation cell was
washed after 24 hours using a PBS solution. Moreover,
100µL of MTT solution (i.e. 5 mg/mL) was added to each
well and another 4 hours of incubation were followed after
this addition.

3.8. Fibroblast Culture

During some in vitro cell culture trials, the reaction
between the cell culture and the scaffold was examined.
L929 mouse fibroblasts were utilized in this investigation
and cultured in RPMI containing penicillin (100 µg/mL),
fetal calf serum (10%) and streptomycin (100 µg/mL).
Before seeding, a suspension of 1.8 × 105 cells/mL was
supplied. Before culturing the cell, two specimens were
provided for each scaffold sample by sterilizing in ethanol
(70%) and washing in the culture media. The samples were
put on a plate of multiwall polystyrene accompanying the
cell suspension (5 mL) and maintained in a CO2-controlled
incubator with a temperature set at 37°C for 48 ± 1 hours.
As a negative control, one of the samples was held on. At
the end of the incubation period, all of the samples were
washed with the phosphate-buffered solution of saline.
Exploiting glutaraldehyde 2.5%, the cells were fixed and
finally were dehydrated utilizing graded ethanol as 60%,
70%, 80%, and 95%.

3.9. Culture of P19 Cells

P19 cell line from mouse (C422) was supplied from
Genetic Institute of Iran. In order to gain a density of

5 × 104 cell/mL, the cells were cultured and preserved
in accordance to Rudnicki and McBurney (14). Then the
cells were separated mechanically from the culture dishes
and laminated into 100-mm bacteriological grade Petri
dishes comprising a medium of α-MEM. This medium
was supplemented with 0.3 µM retinoic acid (RA) and 10%
calf serum to prompt neural P19 cells differentiation and
growth as aggregates. After an incubation time of 4 days, a
volume of cell suspension (1 mL) with the concentration of
5 × 104 cell/mL was seeded in 24 well tissue culture plate
from polystyrene comprising scaffolds which cultured
in a medium at a temperature of 37°C, without RA and
containing CO2 (5%) and environmental humidity (95%) for
a duration of 10 days. Before than cultivation, exposing to
UV radiation for a duration time of 120 min, the scaffolds
were sterilized and subsequently washed 3 turns with
sterile PBS. Each of these washing steps lasted 20 min.
Gently evacuating the medium and removing dead cells
through washing the scaffolds for a duration time of 5 min
led to the stabilized grown cells. Aiming the cell fixation,
glutaraldehyde solution (2.5 V/V%) was subjoined to every
well. Plates were kept at room temperature for a duration
time of 120 min.Within 5 min, the samples were washed
using phosphate-buffered saline (PBS) and dehydrated by
immersion in a sequence of ethanol solutions of varying
concentrations as 50, 60, 70, 80, 90, 100 v/s%. The
immersion time in each ethanol solution was 5 min.
Afterthat, the samples were washed again the solution
of with phosphate-buffered saline (PBS) for 5 min. After
eliminating PBS, the scaffolds were completely dried at
room temperature for 24 hours (15). The surfaces of
tissue culture plastic was considered as the negative
control. Light microscopy imaging were performed by
T-FL optical microscope (Nicon model, manufactured in
Japan) to examine the murine P19 cells differentiation in
the matrix of scaffolds. All of the biological experiments
were repeated at least three times.

3.10. DAPI and Immunofluorescence Stainings

Using DAPI (4-6-diamidino-2-phenylindole) as a blue
fluorescent probe, the nuclei of cells were stained. DAPI
can bind with DNA of fixed live cells which lead to specific
fluorescent complexes with very high intensities. Cell
staining were carried out through the following steps:
washing the scaffolds with PBS for 5 min; applying DAPI
solution with the concentration of 1:1000; washing the
scaffolds three times with PBS. Each washing step lasted
5 min. Cells labeled with this antibody and nuclei
stained were examine using optical microscope and their
images were captured. Generally, the existence of cells on
the scaffold can be evidenced through this method. In
addition, in order to confirm the differentiation of P19 cells
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on the scaffolds, immunofluorescence staining we carried
out. After a week of seeding the cells, the samples were
translocated to gelatin-coated dishes and using a solution
of paraformaldehyde (4%) in PBS for 30 min they were fixed
at room temperature. The specimens were washed in PBS
three times. Each of these washing steps lasted for 5 min
each. With the aim of obtaining more permeability, the
cells were exposed for 45 min to Triton-X (1%) diluted in PBS.
Afterthat, the cells were blocked using fetal bovine serum
(FBS) (5%) in PBS for 5 hours. Followingly, the samples were
incubated overnight with MAP-2 (Microtubule associated
protein-2) antibody (1:100) at the temperature of 4°C.
The mentioned protein is a particular protein existing in
neural cells. Subsequently the cells were washed using PBS
three times which any of washing turns lasted for 5 min
(16).

4. Results and Discussion

4.1. FTIR

Figure 1 shows the absorption peaks originated from
oxide groups localized on GO. The peaks appeared in
3443 cm-1 is related to flexural (bending) vibrations of
O-H group; in 1746 cm-1 belongs to tensile vibrations
of C=O groups in carbonyl and carboxyls; in 1638 cm-1

reveals tensile vibrations of aromatic carbon C=C; in 1236
cm-1 indicates tensile vibrations of the carboxyl group of
C-O existing in –COOH; in 1071 cm-1 denotes the tensile
vibrations of epoxy groups (1 and -2 ether), and finally the
peak appeared in the wavenumber of 665 cm-1 is attributed
to the change in the form of the C-H group attached to
C=C. The presence of these functional groups causes the
GO polarization, which justifies the ease of homogeneous
distribution in the water.

Figure 1 shows the FT-IR spectra of GOA. Moreover,
a slight intensificationof the peak at 1089 cm-1 was also
observed after ethylenediamine grafting on GOA. After
GO reduction by ethylenediamine, a significant decline
occurred in the intensities of the peaks rised from the
oxygenated functional groups. For example, the peak of
–OH deformation vibration appeared at 3427 cm-1 shows
this tendency. The new peaks appeared in the region of
1568 cm-1 and 1160 cm-1 is assigned to the strong in-plane
C–N scissoring absorption and C–O stretching vibration,
respectively (17-19).

4.2. Scanning Electron Microscopy

Figure 2 shows the SEM images of GOA (graphene
oxide aerogel) sheets. Obviously, a honeycomb-like cellular
structure can be seen. The cell walls are composed
from assembled graphene sheets produced through the

freezing step. At this step, the individual sheets are pressed
together to form ice crystals. The in-plane size of these
integrated sheets can be up to several tens of micrometers.
Leading to an enhanced elastic stiffness. This assembling
is led to a well-defined and interconnected 3D porous
network with increased elastic stiffness.

4.3. X-Ray Diffraction

Figure 3 shows the X-ray diffraction patterns of
graphite, GO and GOA. According to literature, the natural
graphite displays a basal reflection peak (002) at 2θ =
27.168° with a d-spacing value of 3.282°A (20). However,
after oxidation, the mentioned (002) reflection peak was
shifted to 2θ = 11.148° with a d-spacing value of 7.936°A.
This shift indicates the intercalation of oxygen functional
groups to the graphite basal plane (21). In the XRD pattern
of GOA, a new wide peak appears at 2θ = 23.9 (d-spacing
3.717°A) indicating GO sheets reduction and the separation
of sheets accompanying EDA attached to them (13). These
results propose the role-playing of π-π stacking between
the graphene sheets in the graphene aerogel and the
inhomogenous graphite-like carbon crystalline state (22).

4.4. MTT Assay

The results from the MTT test on scaffolds following 48
hours of culturing of the cells are demonstrated in Figure
4. In specific, the cell’s survival ratio on the scaffolds was
measured using the formazan absorption rate. The cell’s
growth ratio can be seen at 570 um wavelength in the
diagrams illustrated. Cell viability of 100% is a standard
value for the nontoxicity of the biomaterial samples. All
the samples produced in this study were biocompatible
after 48 hours. This biocompatibility implies a lack of
toxicity in L-929. The scaffold’s cell viability and the L-929
cell contact were 118%.

4.5. Cell Culture

The SEM images clearly display the overall structure,
interaction, and adhesion of cells to the samples. The
interconnection between cells is well demonstrated in the
scaffold image. It is more difficult to take appropriate
images in the scaffolds due to their porous structure
and the penetration of cells therein. Figure 5 shows the
penetration of cells into the porous structure. It should
be noted that it is difficult to distinguish the cells from the
surface roughness due to the nonuniform scaffold surface.
Nonetheless, high-quality images were reported herein.
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Figure 1. FTIR spectrum of graphite, GO, and aerogel GO

Figure 2. SEM images of the cellular structure of GOA shown in (A) and (B)
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Figure 5. SEM images of GOA along with the fibroblast culture after 48 hours (A and B), SEM images captured from the cross-section of GOA by fibroblast culture after 48 hours
(C and D).

4.6. Culture and Differentiation of P19 Cells

SEM images were examined which are shown in
Figure 6. These images can demonstrate the interaction
between scaffolds and differentiated P19 cells after 14 days
of cell culture. According to these studies, it can be
said that the neurons of embryonic stem cells (ESCs)
can be differentiated on the support of structures having

suitable biological and chemical behavior. Thanks to
their ability for differentiation into neuronal groups, ESCs
can be utilized on scaffolds to restore neural damage.
This study demonstrates that the scaffold synthesized in
the proximity of differentiation factors could be a better
substrate for ESCs neural differentiation. However more
explicit tests and functional investigations need to be
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Figure 6. SEM images (A and B in two different magnifications) of the interaction between P19 murine cells and scaffolds after 14 days of culture.

Figure 7. Fluorescence imaging of the cells marked with Map-2 antibody on the negative control after 14 days of culturing, (A) nuclei stained by DAPI, (B) primary antibody to
MAP2, (C) merge, magnification:400×, Positive reaction: 16.4%.

performed to prove these findings. The results of these
experiments demonstrate that the designed scaffold may
facilitate ESCs differentiation into more effective neurons.

4.7. Immunofluorescenc

Figures 7 and 8 show that the cells marked with
MAP-2 antibodies could be observed under a microscope.
Bright green phosphorus areas show a positive reaction
against their specific antibodies due to the presence of
MAP-2 proteins, which were observed and recorded by
the microscope. The presence of this protein, specific
to neuronal cells, proves that P19 cells were successfully
differentiated into neurons after the cell culture process.

Figure 8 illustrates the cell differentiation
into the scaffold by immunochemical staining

technique for neuron-specific protein marker as MAP-2
(microtubule-associated protein 2) antibody. Cells were
fixed in different development stages and stained using
anti-MAP-2. The morphology of the cells stained with
this antibody is shown in Figure 8. It confirms the
differentiation of P19 cells into neuron cells. At the end of
14 days cultivation, the staining of MAP-2 was acquirable
on the surface of the scaffold. The cells on the scaffolds
were extremely immunopositive for MAP-2. In our study,
we have shown that GO scaffold is a proper choice for P19

cell adhesion and differentiation to neural cells.

In Figures 7 and 8, the green phosphor dots are the
points with a positive response due to the presence of
MAP-2 protein against its special antibody. This confirms
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Figure 8. Fluorescence imaging of the cells marked with Map-2 antibody on the scaffold after 14 days of culturing, (A) nuclei stained by DAPI, (B) primary antibody to MAP2,
(C) merge, magnification:400×, Positive reaction: 89.5%.

that P19 cells of mice in the course of the cell culture steps
have been differentiated well into neural cells. Alongside
the positive response of cells to the staining, the intensity
of this reaction is also considerable. Considering the large
count of green dots in the images of immunofluorescence
staining, it can be said that a large number of murine P19

cells can be differentiated into the nerve cells.
More interestingly, since cell differentiation was about

16% on the control surface and about 89% on the scaffold
surface, P19 cells were effectively differentiated into neural
cells, indicating the effective role of GOA in neuronal
differentiation.

More interestingly, the cell differentiation rates of
~ 16% and ~ 89% respectively on the control and the
scaffold surfaces, P19 cells were effectively differentiated
into neural cells, indicating the effective role of GOA in
neuronal differentiation.

5. Conclusions

In this study, sample was assessed considering the
physical, morphological, and mechanical characteristics
as well as the cultivation of L-929 fibroblast cells
and differentiation of P19 cells. Morphological
examination using images of the scaffolds captured
by a scanning electron microscope (SEM), disclosed the
three-dimensional (3D) structure which has a lot of pores
prior to mounting cells on. Based on dynamic-mechanical
thermal analysis (DMTA) data, the prepared scaffold
has a great storage modulus. L-929 fibroblast cells
were utilized to evaluate the appropriateness of the
scaffold and its cellular interaction. It was demonstrated
that P19 cells could be differentiated on the surface of
the scaffold. In a duration of 14 days, a highly viable,
congruent, and interconnected neural network was
built through a biocompatible route on the scaffolds.
Further studies should be performed on the control of
P19 cell growth as well as predicting the potential of
utilizing these substances in neuronal repairing with the

aim of evaluating the architecture and roughness and
consequently the compatibility of these scaffolds.

Footnotes

Authors’ Contribution: It was not declared by the
authors.

Conflict of Interests: Authors mention that there is no
conflict of interest in this study.

Data Reproducibility: The data presented in this study
are openly available in one of the repositories or will be
available on request from the corresponding author by
this journal representative at any time during submission
or after publication. Otherwise, all consequences of
possible withdrawal or future retraction will be with the
corresponding author.

Funding/Support: None.

References

1. Bai H, Sheng K, Zhang P, Li C, Shi G. Graphene oxide/conducting
polymer composite hydrogels. J Mater Chem A. 2011;21(46):18653.
https://doi.org/10.1039/c1jm13918e.

2. Tang Z, Shen S, Zhuang J, Wang X. Noble-Metal-Promoted
Three-Dimensional Macroassembly of Single-Layered
Graphene Oxide. Angewandte Chemie. 2010;122(27):4707–11.
https://doi.org/10.1002/ange.201000270.

3. Xu Y, Sheng K, Li C, Shi G. Self-assembled graphene hydrogel
via a one-step hydrothermal process. ACS Nano. 2010;4(7):4324–30.
[PubMed ID: 20590149]. https://doi.org/10.1021/nn101187z.

4. Zu S, Han B. Aqueous Dispersion of Graphene Sheets Stabilized by
Pluronic Copolymers: Formation of Supramolecular Hydrogel. J Phys
Chem C. 2009;113(31):13651–7. https://doi.org/10.1021/jp9035887.

5. Ryu S, Kim B. Culture of neural cells and stem cells
on graphene. J Tissue Eng Regen Med. 2013;10(2):39–46.
https://doi.org/10.1007/s13770-013-0384-6.

6. Shin SR, Li YC, Jang HL, Khoshakhlagh P, Akbari M, Nasajpour A, et
al. Graphene-based materials for tissue engineering. Adv Drug Deliv
Rev. 2016;105(Pt B):255–74. [PubMed ID: 27037064]. [PubMed Central
ID: PMC5039063]. https://doi.org/10.1016/j.addr.2016.03.007.

7. Geller HM, Fawcett JW. Building a bridge: engineering spinal
cord repair. Exp Neurol. 2002;174(2):125–36. [PubMed ID: 11922655].
https://doi.org/10.1006/exnr.2002.7865.

J Clin Res Paramed Sci. 2021; 10(2):e119221. 9

https://doi.org/10.1039/c1jm13918e
https://doi.org/10.1002/ange.201000270
http://www.ncbi.nlm.nih.gov/pubmed/20590149
https://doi.org/10.1021/nn101187z
https://doi.org/10.1021/jp9035887
https://doi.org/10.1007/s13770-013-0384-6
http://www.ncbi.nlm.nih.gov/pubmed/27037064
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039063
https://doi.org/10.1016/j.addr.2016.03.007
http://www.ncbi.nlm.nih.gov/pubmed/11922655
https://doi.org/10.1006/exnr.2002.7865


Zeinali K et al.

8. Pierucci A, de Duek EA, de Oliveira AL. Peripheral nerve regeneration
through biodegradable conduits prepared using solvent
evaporation. Tissue Eng Part A. 2008;14(5):595–606. [PubMed ID:
18399734]. https://doi.org/10.1089/tea.2007.0271.

9. Nourmohammadi A, Rahighi R, Akhavan O, Moshfegh A. Graphene
oxide sheets involved in vertically aligned zinc oxide nanowires
for visible light photoinactivation of bacteria. J Alloys Compd.
2014;612:380–5. https://doi.org/10.1016/j.jallcom.2014.05.195.

10. Chen J, Chi F, Huang L, Zhang M, Yao B, Li Y, et al. Synthesis of graphene
oxide sheets with controlled sizes from sieved graphite flakes. Carbon.
2016;110:34–40. https://doi.org/10.1016/j.carbon.2016.08.096.

11. Rahmani Z, Samadi MT, Kazemi A, Rashidi AM, Rahmani AR.
Nanoporous graphene and graphene oxide-coated polyurethane
sponge as a highly efficient, superhydrophobic, and reusable
oil spill absorbent. J Environ Chem Eng. 2017;5(5):5025–32.
https://doi.org/10.1016/j.jece.2017.09.028.

12. Hu H, Zhao Z, Zhou Q, Gogotsi Y, Qiu J. The role of microwave
absorption on formation of graphene from graphite oxide. Carbon.
2012;50(9):3267–73. https://doi.org/10.1016/j.carbon.2011.12.005.

13. Hu H, Zhao Z, Wan W, Gogotsi Y, Qiu J. Ultralight and highly
compressible graphene aerogels. Adv Mater. 2013;25(15):2219–23.
[PubMed ID: 23418081]. https://doi.org/10.1002/adma.201204530.

14. Rudnicki A, McBurney W. Teratocarcinomas and Embryonic Stem
Cells: A Practical Approach. In: Robertson EJ, editor. . Washington, D.C:
Oxford University Press; 1987.

15. Zeinali K, Khorasani MT, Rashidi A, Daliri Joupari M. Preparation
and characterization of graphene oxide aerogel/gelatin as a
hybrid scaffold for application in nerve tissue engineering.
Int J Polym Mater Polym Biomater. 2020;70(10):674–83.

https://doi.org/10.1080/00914037.2020.1760269.
16. Mounesi Rad S, Khorasani MT, Daliri Joupari M. Preparation of

HMWCNT/PLLA nanocomposite scaffolds for application in nerve
tissue engineering and evaluation of their physical, mechanical
and cellular activity properties. Polym Adv Technol. 2016;27(3):325–38.
https://doi.org/10.1002/pat.3644.

17. Marcano DC, Kosynkin DV, Berlin JM, Sinitskii A, Sun Z, Slesarev A, et al.
Improved synthesis of graphene oxide. ACS Nano. 2010;4(8):4806–14.
[PubMed ID: 20731455]. https://doi.org/10.1021/nn1006368.

18. Kim NH, Kuila T, Lee JH. Simultaneous reduction, functionalization
and stitching of graphene oxide with ethylenediamine for
composites application. J Mater Chem A. 2013;1(4):1349–58.
https://doi.org/10.1039/c2ta00853j.

19. Xue B, Zhu J, Liu N, Li Y. Facile functionalization of graphene
oxide with ethylenediamine as a solid base catalyst for
Knoevenagel condensation reaction. Catal Commun. 2015;64:105–9.
https://doi.org/10.1016/j.catcom.2015.02.003.

20. Bissessur R, Liu PK, Scully SF. Intercalation of polypyrrole
into graphite oxide. Synthetic Metals. 2006;156(16-17):1023–7.
https://doi.org/10.1016/j.synthmet.2006.06.024.

21. Kuila T, Khanra P, Bose S, Kim NH, Ku BC, Moon B, et al. Preparation of
water-dispersible graphene by facile surface modification of graphite
oxide. Nanotechnology. 2011;22(30):305710. [PubMed ID: 21730750].
https://doi.org/10.1088/0957-4484/22/30/305710.

22. Li J, Li J, Meng H, Xie S, Zhang B, Li L, et al. Ultra-light, compressible and
fire-resistant graphene aerogel as a highly efficient and recyclable
absorbent for organic liquids. J Mater Chem A. 2014;2(9):2934.
https://doi.org/10.1039/c3ta14725h.

10 J Clin Res Paramed Sci. 2021; 10(2):e119221.

http://www.ncbi.nlm.nih.gov/pubmed/18399734
https://doi.org/10.1089/tea.2007.0271
https://doi.org/10.1016/j.jallcom.2014.05.195
https://doi.org/10.1016/j.carbon.2016.08.096
https://doi.org/10.1016/j.jece.2017.09.028
https://doi.org/10.1016/j.carbon.2011.12.005
http://www.ncbi.nlm.nih.gov/pubmed/23418081
https://doi.org/10.1002/adma.201204530
https://doi.org/10.1080/00914037.2020.1760269
https://doi.org/10.1002/pat.3644
http://www.ncbi.nlm.nih.gov/pubmed/20731455
https://doi.org/10.1021/nn1006368
https://doi.org/10.1039/c2ta00853j
https://doi.org/10.1016/j.catcom.2015.02.003
https://doi.org/10.1016/j.synthmet.2006.06.024
http://www.ncbi.nlm.nih.gov/pubmed/21730750
https://doi.org/10.1088/0957-4484/22/30/305710
https://doi.org/10.1039/c3ta14725h

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Materials
	3.2. Synthesis of Graphen Oxide
	3.3. Highly Porous Graphene Oxide Aerogel Synthesis
	3.4. FTIR
	3.5. Scanning Electron Microscopy
	3.6. X-Ray Diffraction
	3.7. MTT Assay
	3.8. Fibroblast Culture
	3.9. Culture of P19 Cells
	3.10. DAPI and Immunofluorescence Stainings

	4. Results and Discussion
	4.1. FTIR
	Figure 1

	4.2. Scanning Electron Microscopy
	Figure 2

	4.3. X-Ray Diffraction
	Figure 3

	4.4. MTT Assay
	Figure 4

	4.5. Cell Culture
	Figure 5

	4.6. Culture and Differentiation of P19 Cells
	Figure 6

	4.7. Immunofluorescenc
	Figure 7
	Figure 8


	5. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Funding/Support: 

	References

