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Background: One of the challenges in using stem cells to neural repair is to induce their differentiation into neurons and
lack of glial formation.

Objectives: Mesenchymal stem cells have revealed great potential for neural reorganization and renewal by taking
advantage of differentiation capabilities. Here we explored the potential use of olibanum extract in freeze-dried scaffolds
for induction of stem cells differentiation.

Materials and Methods: In this study, gelatin/ collagen/olibanum/ graphene oxide (GEL/COL/OL/GO) freeze-dried
scaffolds were synthesized and then adult rat bone marrow mesenchymal stem cells (BMMSCs) were seeded on scaffolds.
The viability of cells was evaluated using MTT test on days 1, 3 and 5. The morphology of the cells seeded on scaffolds
was studied using SEM and specific protein expression detected by immunohistochemical analysis. Real-time PCR was
applied to detect the expression of Chat, Pax6, Hb-9, Nestin, Islet-1, and neurofilament-H (NF-H). The data were analyzed
using Tukey test and one-way ANOVA and the means difference was considered significant at P<0.05, P<0.01, and
P<0.001.

Results: Showed that the pore size is increased in GEL/COL/OL/GO scaffolds compared with GO-free scaffolds and
higher attachment and proliferation of BMMSCs on GEL/COL/OL /1.5% GO scaffolds compared to GEL/COL/OL/3%
GO scaffolds. The cell viability results after 5 days of incubation showed the significant biocompatibility of GEL/COL/
OL /1.5% GO freeze-dried scaffold. The results of immunohistochemical and PCR analysis revealed positive role of GEL/
COL/OL/1.5% GO scaffolds in upregulation of neuron-specific markers.

Conclusion: These results reveal the great potential of GEL/COL/OL/GO scaffolds for nerve regeneration. Our data
suggested that both OL extract and GO can regulate the MSCs differentiation into neurons.

Keywords: Bone marrow mesenchymal stem cells, Differentiation, Freeze-dried, Gelatin/collagen/olibanum/graphen
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1. Background

Neural tissue regeneration approaches have acquired
a great deal of attention due to it directly impacts
all dimensions of the patient’s life. Stem cells and
progenitor cells have found a new viewpoint as a
therapeutic candidate in regenerative medicine. These
potent cells with the capacity to proliferate in vitro
and the ability to develop into any somatic cell type

are a suitable cell source (1). Scaffolds are one of the
fundamental factors in regulating cellular development
and renewal. Extracellular matrix with oriented fibers,
conduits, and continuous pores are numerous types
of morphology that have been indicated a significant
effect on cell adhesion and differentiation. Many
current fabricated scaffolds have been synthesized
as biological structures of hydrogels and different
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scales of fibers, with the purpose to simulate the
natural matrix construction. Graphene oxide (GO), a
neuronal biocompatible substance with charge transfer
characteristics, has revealed promising results for cell
survival in vitro (2). Its remarkable features such as
good molecule attachment, high elasticity and suitable
electrical conductivity have been attractive topics for
tissue engineering applications. In recent investigations,
both GO and its derivatives have been indicated as
biocompatible materials for the improvement of growth
and differentiation of different pluripotent cells such
as induced pluripotent stem cells (iPSCs), Human
Mesenchymal Stem Cells (hMSCs), and human primary
adult neural stem cells (hNSCs) (1). Nerve Growth
Factor (NGF) has been more effective to repair injured
neurons by stimulating nerve renewal (2). The essential
oils and extracts of plants Boswellia species, Olibanum
(OL), can be useful for the enhancement of memory
power in the natural system of medicine (Ayurveda)
and India’s traditional as well as Oriental Medicine and
prevention of amnesia (3). It contains about 8 % volatile
oil, 32 % carbohydrate, and 50 % resin (4). Anticancer,
anti-inflammatory, no toxicity, no sensitization, and
biocompatibility led to its application in different diseases
including cancer, bronchial asthma, osteoarthritis, brain
edema, ulcerative colitis, tissue engineering, etc. (5).

2. Objectives

In the current study, we intended to determine the
synergistic effect of GEL/COL/OL/GO freeze-
dried scaffolds on differentiation of bone marrow
mesenchymal stem cells (BMMSCs) to neurons. The
novelty of this research is in using the OL extract and
GO in the tissue engineering scaffolds for the first time.

3. Materials and Methods

3.1. Purification of OL Extract

OL was purchased from the local market of Karaj, Iran.
OL extract was purified according to Choi et a/. Briefly,
12.5 gr. of OL powder was dissolved in 100 mL of DI
water. After that, the supernatant was centrifuged at
2000 x g for 15 min and 10000 x g for 20 min. Then, it
was filtered, freeze-dried at a temperature of -58 °C to
prepare the water-soluble extract (6).

3.2. Preparation of Freeze-Dried Scaffolds
Acid-soluble collagen solution (Sigma, USA) with a
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gelatin A (Sigma, USA) concentration of 12 wt/% of
the total amount of mixture were prepared (GEL/COL)
(7). 1 wt% OL (6) was added to the GEL/COL mixture.
Different concentration of GO (Sigma, USA) (1.5
wt% and 3 wt %) was then added and stirred for 2 h.
The mixtures were then set into a freezer at -65 °C for
24 h. The frozen scaffold was placed into the freeze-
dryer chamber for another 24 h at -58 °C with 0.01
bar to remove all the available waters )FD-10, Pishtaz
Engineering Co. Iran). All freeze-dried scaffolds
were soaked in DI water for 48 h to allow unreacted
glutaraldehyde to leach out (8).

3.3. Characterization of Fabricated Scaffolds

3.3.1. Morphology Observation

The microstructural and morphological assessment
(porosity, pore size and, as well as the interconnectivity
of pores) of freeze-dried scaffolds were studied by
scanning electron microscopy (SEM), (Hitachi SUS010,
Japan) (9). The porosity was computed by calculating
the fraction of the total area occupied by pores per
image, whilst the average pore size was evaluated using
Image J software (NIH, Bethesda, MD).

3.3.2. FTIR

Fourier Transform Infrared (FTIR) spectroscopy
analysis was performed to assess the chemical bonds
present in a sample. 2 mg. of the scraped scaffolds were
quietly blended with 400 mg. of potassium bromide
(KBr). Then the samples were investigated in the range
0f 400-4500 cm™! (10).

3.3.3. Mechanical Compression

Compressive strength of the fabricated scaffolds (GEL/
COL/OL/GO) was assessed with a tensile strength test
system (Santam, STM 20, Iran) at room temperature. At
least five specimens were investigated for each scaffold
to determine the slope of the initial linear portion (11).
Tensile strength of fabricated scaffolds was measured
using ASTM D3039/A3039M standard number with 2
mm thickness.

3.3.4. Water Absorption

Scaffolds were cut, weighed, immersed in 20 mL
phosphate buffered saline (PBS) for 2, 12, and 24 h.
The excess surface water of swollen scaffold was
eliminated with filter paper. The obtained weights of
the swollen specimens were measured as following:
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Water uptake (%) = [(W-W )/W ] x100 (N

The weight of dry sample before immersing and the
weight of swollen sample were mentioned W and W,
respectively. Each swelling test was performed five
times (10).

3.3.5. Degradation Test

To evaluate the in vitro degradation rate of fabricated
scaffolds, a dry weight of samples (initial dry weight)
was immersed in PBS (pH = 7.4) solution. At the end
of each week, the specimen was freeze-dried at —58 °C
for 24 h at a vacuum pressure of 0.5 Torr (dry weight).
The in vitro degradation was calculated using the Eq.:
Degradation ratio (%) = (Initial dry weight -Dry
weight/Initial dry weight) <100 2)

Each degradation test was performed five times (10).

3.4. Cell Culture Evaluations

3.4.1. BMMSCs Isolation and Characterization

All animal experiments have been approved by the
animal ethics committees. BMMSCs were harvested
from two-month-old male Wistar rats weighing
about 200 g. The rats were sacrificed by ketamine/
xylazine overdose (50/125 mg.kg' Intraperitoneal),
and stem cells were isolated from femoral bones.
Obtained BMMSCs suspension was plated on 50 cm?
tissue culture flasks containing 25 mL of DMEM/F12
supplemented with 15% (v/v) fetal bovine serum (FBS;
Invitrogen), 100 TU.mL" penicillin, and 100 TU.mL"!
streptomycin in 5% (v/v) CO, at 37 °C (11).

3.4.2. Cell Seeding and Attachment on Freeze-Dried
Scaffolds

After the BMMSCs reached 80% confluency, they were
detached with trypsin—EDTA (0.25% trypsin and 0.1%
EDTA) solution to obtain single-cell suspensions and were
centrifuged at 1500 x g for 5 min. The 5104 BMMSCs
were seeded onto the top of freeze-dried scaffolds. After
3 days, cell-containing scaffolds were then fixed in
2.5% Glutaraldehyde solution at ambient temperature.
Afterwards, the samples were washed three times with PBS
and dehydrated in graded alcohols. Finally, the samples
were sputter-coated with gold and studied using SEM (12).

3.4.3. Cell Viability Test
BMMSCs were incubated under the standard condition
for 1, 3, and 5 days. Then, 60 uL of 5 mg.mL"! stock

Iran. J. Biotechnol. April 2022;20(2): 3179

MTT solutions was added to each well, and all plates
were placed at 37 °C for 4 h. After that, the Formosan
crystals were dissolved in dimethyl sulfoxide (DMSO).
The final reading was analyzed by a spectrometer at a
wavelength of 570 nm (12). The present investigation
was used BMMSC:s for the MTT reduction assay which
is according to ISO 10993-5:2009 (standard numbers).

3.4.4. Neuronal Induction of BMMSCs

To induce neuronal differentiation, 1x10* BMMSCs
from passage two were seeded on tissue culture plate
(TCP) and both Gelatin/Collagen/Olibanum/ 1.5 wt%
graphene oxide (GEL/COL/OL/ 1.5% GO) and Gelatin/
Collagen/Olibanum/ 3 wt% grapheme (GEL/COL/OL/
3% GO) freeze-dried scaffolds and cultured in complete
medium (DMEM containing with 10% FBS, 100 U.mL"!
penicillin, and 100 U.mL"' streptomycin) for 2 days. The
samples were pretreated with DMEM, 20 % FBS, 200
uM isobutylmethylxanthine, 100 uM 2-mercaptoethanol,
2 % B27, and 10 ng.mL"' fibroblast growth factor
2 (FGF2) and culturing for 1day at 37 °C and 5 %
CO,. Neural differentiation medium containing with
DMEM/F12 (1:1), 100 ng.mL" of Shh, 0.01 ng.mL"
RA, and 0.2 % B27 was then added to each well for
7 days. The differentiation medium was then changed
with media containing DMEM/F12, 0.2 % B27, and
200 ng.mL brain-derived neurotrophic factor (BDNF)
for 7 days (13).

3.4.5. Immunohistochemical Analysis

Detection of proteins expressed on cells is performed
using labelled antibodies. Cell-containing scaffolds
were fixed for 4 h at 4 °C in 300 pL Zamboni’s fixative
(0.2% picric acid in 0.1 M phosphate buffer saline and
2% paraformaldehyde), immersed in 30% sucrose in 0.1
M PBS solution for 12 h, embedded in OCT mounting
medium (Sakura Finetechnical, Tokyo, Japan), and
sectioned at 10 pM thickness using a cryostat at -20 °C.
Then the samples were deparaffinized with xylene for
5 min, gradually rehydrated with 100%, 95%, 80%,
and 70% graded ethanol (each for 5 min), and then
permeabilized with 0.1% Triton X-100 in PBS (Sigma-
Aldrich, USA) for 20 min, and blocked with 10% serum
in PBS atroom temperature. Prepared sections were then
incubated at4 °C for 20 h with primary antibodies: Islet-1
(ab20670; Abcam, Cambridge, UK, 1:1000) and Tuj-1
(ab18207; Abcam, Cambridge, UK, 1:200). Samples
were rinsed 4 times in PBS, incubated with Alexa Fluor

17



Shamosi A et al.

Table 1. Sequences of primers used for real-time PCR

Gene Product Primer sequnces (5’ to 3°)
Length(bp)

Chat 240 F: AGCCTGAACGGAGCCAAT R: GGCGAGATGGCCTTGGGTT

Pax6 130 F: CACCCGCCCTGGTTGGTAT R: AGCTGCAGCCGCATTTGA

HB9 245 F: GCACAGGCAGCTCTCTACGG  R: GATTGCGCCTGGGAGCTGAA

Nestin 160 F: CTCCAGGAGCGCAGAGAAG  R: CAGTTGCTGCCCACCTTCCA

Islet-1 250 F: TGGGAGACATGGGCGATCCA  R: TGCTGCACTTGGCGCATTTG

NF-H 190 F: GCAGGAAGAGTGCGGCTACC R: GCGTACTCTGCACCGTGTGT
GAPDH 230 F:GCCTGGAGAAACCTGCCAA R: ACCACCCTGTTGCTGTAG

488 Goat Anti-Rabbit IgG H&L (ab150077; Abcam,
Cambridge, UK, 1:500) and Alexa Fluor 647 Goat
Anti-Rabbit IgG H&L (ab150079; Abcam, Cambridge,
UK, 1:500) secondary antibodies for 2 h. Sections were
washed four times with PBS, counterstained with DAPI
and studied under a fluorescence microscope (Optika,
XDS-3FL, Italy) (13). Expression of islet-1 and TUJ1
biomarkers compared with control, GEL/COL/OL, and
GEL/COL/OL/1.5% GO freeze-dried scaffolds were
evaluated. Each Positive ratio test was performed three
times.

3.4.6. Real-Time PCR

To determine the difference between the messenger
RNA expression levels of Choline acetyltransferase
(Chat), Paired type homobox 6 (Pax6), HB9/HLXB9
(HB9), Nestin, Islet-1, and neurofilament-H (NF-H)
in differentiated cells, real-time PCR was performed.
The oligonucleotide primer sequences (Table 1) were
designed for each sample using Oligo7, GeneRunner,
and BioEdit softwares. The total RNA was extracted
applying Qiagen RNeasy Plus Mini Kit, DNAse 1
treatment was applied (Ambion, Country), and isolated
RNA was reverse-transcribed to random hexamer
primed cDNA by TAKARA cDNA synthesis Kkit.
GAPDH is the internal reference (14).

3.5. Statistical Analysis

The results were analyzed by GraphPad Prism 8
(GraphPad Prism 8.2.1) using one-way ANOVA test
and paired t-Test. The obtained results were expressed
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as mean + standard deviation in three replications.
Values of *P<0.05, **P<0.01, and ***P<(0.001 were
considered statistically significant.

4. Results

4.1. Scaffold Morphology

Interconnected porous scaffolds should imitate
extracellular microenvironment to promote cellular
migration, penetration, and proliferation. Images reveal
the different porosities are constructed wall-like, and a
suitable porous structure was formed (Fig. 1A). Results
denote that, for the GO with different concentrations,
there is negligible impact on the morphology structure,
distribution of pore interconnectivity (arrows), and pore
size in the fabricated scaffolds. The SEM micrographs
obtained from the freeze-dried scaffolds show that the
pore size is increased in GEL/COL/OL/GO scaffolds
compared with GO-free scaffolds. The porosity and
pore size of freeze-dried scaffolds are shown in Table 2.

4.2. FTIR

The FTIR spectra of the GO and GEL/COL/OL/GO
are shown in Figure 1B. In the case of OL, the C=0
and OH stretching bands are detected at 1600 cm™
(15) and at approximately 3600 cm™' , respectively
(16). Investigation of GEL in GEL/COL/OL/GO
scaffolds shows that the absorption bands at 1538
and 1650 cm™ attributed to amide I and amide me
stretching vibrations, respectively (17). The absorption
spectrum at 1500 cm™ is related to hydroxyproline
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Figure 1. A) SEM micrographs of freeze-dried scaffolds A: GEL/COL, B: GEL/COL/OL, C: GEL/
COL/OL/ 1.5% GO, D: GEL/COL/OL/ 3% GO). Arrow indicates pore interconnectivity in each

scaffold. (B, C) FTIR spectra of raw materials (GO and OL) and freeze-dried scaffolds (GEL/COL/OL
and GEL/COL/OL/GO).
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Table 2. Morphological characteristics of freeze-dried scaffolds

Composition Porosity (%) Pore Size (um)
GEL/COL 68 39+10
GEL/COL/OL 73 44+10
GEL/COL/OL/1.5% GO 86 62+10
GEL/COL/OL/3% GO 88 65+10

and pyrrolidine ring vibrations of proline in both GEL
and COL samples, and amide III group is assigned to
the presence of the native COL in GEL/COL/OL/GO
freeze-dried scaffolds (18). The stretching vibration
at 3500 cm™ and 3000 cm™' (O-H vibration) are
characteristic of COL structure (19). OH stretching
vibration around 3340 cm™' is observed, indicating
the presence of GO. Two absorption peaks showing at
1630 cm™ and 1730 cm™, related to C=0 and COOH
stretching bands in GO, respectively (20). The peaks
at 1044 cm™ and 1226 cm™' attribute to the bending
mode of C=0 in GO (21) (Fig. 1B). The FTIR of crude
OL resin assigned bands at 734 cm™!, 1051 cm™, 1060
cm™', 1245 em™!(22), 1380 cm™ (23), 1455 cm™ (C-H
stretching)(24), 1716 cm™ (C=0 stretching), 2943 cm™!
(C—H stretching), and 3366 cm™' (O—H stretching) (22).
The band at 734 cm™' is related to the C—O stretching
vibration responsible for aldehydes. The peak at 1051
cm! corresponds to the C-H stretching frequency.
The bands at 1060 cm™ and 1245 cm™ attribute to
the bending mode of C—N stretching frequency. The
spectrum showed absorption bands at 1380 cm™! for
-CH3 stretching vibration. The FTIR spectrum of GEL/
COL scaffolds assigned to absorption peaks at 880 cm™
(amide III of hydroxyproline) (25), 1037 cm™" (O=C=0
vibration) (26), 1270 cm™' (Amide III) (27), 1540 cm™!
(amide II) (28), 1722 cm™ (amide 1) (29), 2623 cm™!
(O-H stretch), and 3421 cm™ (O-H stretch) (30) (Fig.
10).

4.3. Compressive Strength Behavior

Figure 2A compares the compressive strength values
of GEL/COL and GEL/COL/OL (GO-free) scaffolds
and GEL/COL/OL/GO scaffolds with different
concentrations of GO (A: 1.5 wt%, B: 3 wt. %), prepared
by the freeze-dried method. The strength values of the
GEL/COL/OL/ 1.5% GO and GEL/COL/OL/3% GO
scaffolds were 2.86 + 0.05 MPa and 2.92 + 0.04 MPa,
respectively, which were significantly different from
the GEL/COL (0.95+0.04 MPa) and GEL/COL/OL
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scaffolds (0.99+0.05 MPa). Mechanical behavior was
affected by GO loading in the freeze-dried scaffolds.
Scaffolds containing GO shows higher mechanical
properties compared with GO-free scaffolds.

4.4. Water Absorption

The swelling ratio shows water uptake capability which
could be useful for the biological efficiency of scaffolds.
The water absorption ability of polymeric scaffolds
after 1 day of incubation was 1173, 1172, 1182, and
1186 for GEL/COL, GEL/COL/OL, GEL/COL/
OL/ 1.5% GO, and GEL/COL/OL/3% GO scaffolds,
respectively Figure 2B. The water absorption was
progressed until the end of the experiment. Due to the
high hydrophilicity of GO, its presence promotes the
water absorption of the fabricated scaffold.

4.5. Degradation Test

The degradability of scaffolds is the chemical
breakdown of substances in the body that results
in altered physical and chemical properties.
The results of percent reduction of scaffold
mass over the 4 weeks are shown in Figure 2C.
The results denoted that by increasing the amount of
GO content from 1.5 wt% to 3 wt%, degradation in
GEL/COL/OL/GO freeze-dried scaffolds is increased.
Degradation of the GEL/COL/OL/GO scaffolds
provides the conditions for tissue regeneration and the
replacement of scaffold with regenerated tissue.

4.6. BMMSCs Isolation

Cells spread on TCP spindle-shaped
morphology after 3 days. After nearly a week of initial
plating, they proliferated into clusters. These cells were
mainly spindle and rounded shape, or large flattened
morphology. BMMSC:s at the third passage appeared as
morphologically homogeneous fibroblast-like cells and
proliferated rapidly on culture plates (Fig. 3A).

showed
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Figure 2. A) Compressive strength of scaffolds. B) Water absorption of scaffolds with different
concentration of GO. C) Degradability of different scaffolds. (*P<0.05, **P<0.01, ***P<0.001).

4.7. Cell Seeding and Attachment on Freeze-Dried
Scaffolds

SEM micrographs of cell adhesion on freeze-dried
scaffolds after 72 h of culture was revealed in Figure 3B
(A-H). After culturing the same number of BMMSCs
on freeze-dried scaffolds, SEM images indicated
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spread and attachment of BMMSCs on the freeze-dried
scaffolds, but higher BMMSCs proliferation on GEL/
COL/OL /1.5% GO scaffolds (Fig. 3B (E , F)) were
detected. These results reveal a considerable interaction
of BMMSCs with GEL/COL/OL /1.5% GO freeze-
dried scaffolds.
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4.8. Cell Viability Test

Cell viability of BMMSCs cultured on freeze-dried
scaffoldattheconcentrationof1.5% GOwassignificantly
higher than scaffolds at the concentrations of 3% GO,
Gel/COL, GEL/COL/OL, and TCP (Fig. 3C, 3D). Only

freeze-dried scaffold at the concentration of 1.5% GO
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provoked higher cell proliferation than TCP culture (Fig.
3C, 3D). The result of BMMSCs viability analysis for
24 h indicated that there is a higher proliferation in two
dimensional (2D) on TCP than in BMMSCs cultured on
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the GEL/COL/OL /3% GO scaffold (Fig. 3C, 3D). At
days 3 and 5 of post culturing, the GEL/COL/OL /1.5%
GO freeze-dried scaffold revealed a higher impact on
the increment in the cell viability than the TCP. The cell
viability results after 5 days of incubation showed the
significant biocompatibility of GEL/COL/OL /1.5%
GO freeze-dried scaffold for BMMSCs attachment and
proliferation. These data are in accordance with ISO
standards (10993-5).

4.9. Neuronal Induction of Bone Marrow Mesenchymal
Stem Cells

To detect neuronal induction, the treating BMMSCs
were assessed daily by a phase-contrast microscope.
After 1 day, the adherent BMMSCs was spindle-like
cells. These cells were then induced by neural-signaling
molecules, RA, Shh, etc., by 7 days, fibroblast-shaped
cells were bipolar appearance and become elongated
cells. Axon-like cytoplasmic processes elongated
extremely and interconnected with each other during
the second week of neuronal induction (Fig. 3E).
Untreated BMMSCs group denoted no significant
morphological characterization as a control group that
presented a spindle fibroblast-like cell.

4.10. Immunohistochemical Analysis

In the case of motor neuron-specific proteins (islet-1)
and early neural marker (TUJ1), they were expressed
in three-dimensional (3D) culture samples compared
with the control group (Untreated BMMSCs) (Fig.
4A). Immunohistochemical analysis denoted that
differentiated BMMSCs were positive for islet-1 and
TUJ1 after 14 days post-neural inductions. Expression
of the neuronal markers in differentiated neural-like
cells from BMMSC:s is denoted in Figure 4B.

4.11. Real-Time PCR Analysis

Investigation of RNA expression in differentiated cells
was performed 14 days’ post-neural induction. The
induction of BMMSCs with RA and Shh resulted in
the increase of Chat, Pax6, Hb-9, Nestin, Islet-1, and
NF-H in 2D and 3D culture samples at second week
post-induction. In this study, an increment in the
expression of Chat and Islet-1 messenger RNA levels
in the neuronal induction cells cultured on freeze-dried
scaffolds in comparison with BMMSCs cultured in
TCP was shown.

Our results denoted that expression of neuron-specific
markers (Chat, Pax6, Hb-9, Nestin, Islet-1, and NF-H)

24

significantly upregulated (P<0.05, P<0.01, P<0.001)
in cells differentiated on GEL/COL/OL/1.5% GO
scaffolds compared with GEL/COL, GEL/COL/OL,
GEL/COL/OL/3% GO scaffolds and TCP at day 14
post-induction (Fig. 4C). These results revealed the
positive role of 1.5% GO and 3D culture in neural
induction.

S. Discussion

In this study, we assessed the differentiation of
BMMSCs in well-defined biochemical and mechanical
microenvironments. BMMSCs can differentiate into
multiple cell lines when they exposed to a substrate
under suitable conditions. Anchorage-dependent cells
need appropriate adhesion to stroma in order to attach,
proliferate, and support cellular functions. In our study,
good BMSC adhesion can be found for GEL/COL/
OL/GO freeze-dried scaffolds (Fig. 3B), which is an
essential requirement in tissue engineering. Suitable
cell adhesion on scaffolds, consistent with cell viability
for BMMSCs, should mainly be attributed to unique
surface characteristics of GO material itself. The
wrinkles and ripples on the surface of scaffold likely
resulted in an improved mechanical interlocking with
cells and therefore better bonding, for surface structure
of the material can particularly impact the cell adhesion
(31). Culturing the isolated BMMSCs on the GEL/
COL/OL/GO freeze-dried scaffolds confirmed the
suitable behavior of GO in the biocompatibility of the
fabricated scaffolds for cellular adhesion, spreading and
proliferation properties. Their findings indicated that
the application of GO can be a promising biomaterial
for regenerative engineering like nervous tissue. In this
study, results of SEM and MTT tests showed that the
GEL/COL/OL/ 1.5% GO freeze-dried scaffolds have
a higher effect on the cell viability. According to the
SEM micrographs, proliferation of the cultured cells
was better on the GEL /COL /OL /1.5% GO scaffolds
due to larger pores and proportion of cell sizes and
pores for attachment. Better proliferation of BMMSCs
on GEL /COL /OL /1.5% GO samples are a sign of
viability and MTT results (Fig. 3C) confirmed this
reality. Ghorbani et a/ (2020) demonstrated that the OL
/COL /GEL freeze-dried scaffolds had a good oriented
microstructure ended to favorable cellular interaction (32).
In the immunostaining, BMMSCs were well-improved
attachment on the scaffolds during the treatment period;
the majority of neural induction cells were expressed
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neural biomarkers. These data indicate that MSCs seem
more differentiated into neural progenitor cells toward
glial progenitor cells on the nanostructure, similar to
the result of Guo et al (33). As shown in Figure 4C,
expression of neuron-specific markers (Islet-1, Pax6,
Nestin, Hb-9, and Chat) significantly upregulated
(P<0.001) in cells differentiated on freeze-dried
scaffolds compared with TCP and control group at day
14 post-induction. These results show that GEL /COL
/OL /1.5% GO freeze-dried scaffolds are approporate
for the BMMSCs neuronal differentiation, and it also
revealed that this structure is a suitable construction for
the increment of BMMSCs differentiation into neuron-
like cells. Several inducers, including neurotrophic
factor, chemical inducer, and herbal extracts, have
been indicated to be able to differentiate MSCs into
neuron expressing specific surface markers of neural
cells (34). Ghorbani et al (2020) confirmed that OL, an
active ingredient in traditional Iranian herbal medicine,
could effectively increase BMMSCs to differentiate into
neurons in vitro. Furthermore, the optimal concentration of
OL for acquiring these inductive impacts was determined
to be 1%. Various inducers have several mechanisms for
promoting neuronal cell differentiation. When OL was
used as a neuronal inducer, BMMSCs showed process-like
extensions and multipolar cell bodies, and expressed neural-
signaling molecules. These results denote that BMMSCs
differentiate into neuron-like cells both functionally and
morphologically (35). According to some data obtained
by animal studies, OL and its component, have obvious
positive effects on neurodegenerative diseases (36).
It was noticed in many investigations that OL inhibits
inflammation in various inflammatory diseases by clearly
inhibiting 5-lipoxygenase enzyme, blocking leukotriene
synthesis, and preventing glycosaminoglycan production
(37). Marefati et al showed that OL could promote synaptic
plasticity impairment through anti-oxidant and anti-
inflammation effects (38). Zhou ef al showed a decrease
of inflammatory responses of microglia, astrocytes, and
infiltrated macrophages in OL implanted scaffolds into
the striatum of adult rats (39). It was also recommended
that active constituents of OL extract could be useful in
repairing a variety of models of memory impairment
and cognitive dysfunction caused by seizure (40), stroke
(41), and Alzheimer’s disease (42). However, its effect on
stem cells should have further investigations to clarify its
mechanism on the induction of MSCs to differentiate
into neural cells. As a pilot study, this investigation
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has successfully verified the effectiveness of a GEL/
COL/OL/GO scaffold and BMMSCs for neural
differentiation. Such observed results should be further
studied in appropriate in vitro and in vivo models to
understand possible mechanisms involved. Well-
characterized herbal extracts and other biomaterials
that result in increased rates of tissue repair and
regeneration may be used in both tissue engineering for
replacement therapy and stem cell therapy, where the
use of vesicles and scaffolds with improved attaching
and proliferative characteristics could be very helpful
in the latter. Although the clinical application of vegetal
extracts is still in evaluation due to the complexity
and variability of bioactive components, standardized
herbal extract preparations will increase their use in the
clinical context.

6. Conclusion

In this investigation, we have denoted that olibanum
extract/graphene (OL/GO) incorporated with gelatin/
collagen (GEL/COL) scaffolds which fabricated by
freeze-dried method have the suitable candidate to
improve stem cells differentiation into the neuron-like
cells.
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