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Abstract 

Context: Preparing a suitable substrate for the culture of neural stem cells and their proliferation in neural tissue engineering is of paramount importance. 

Aims: To evaluate the effect of the hydroalcoholic Zingiber officinale extract incorporated in the chitosan-alginate scaffold (Chi-Alg-Zo) on nerve tissue. 

Methods: The porous scaffolds developed in the present study were investigated in terms of their surface properties, chemical interaction, crystallinity, 

thermal stability, porosity percentage, pore sizes, degradability, and water absorption properties. To this end, the following tests were performed: Field 
emission scanning electron microscope (FE-SEM), Fourier-transform infrared spectroscopy (FTIR), X-ray powder diffraction (XRD), thermal gravimetric 

analysis (TGA), porosity based on liquid replacement, Image-J analysis, and water degradation and absorption test. Mouse neural stem/progenitor cells 

(NS/PCs) were harvested from the embryonic mouse brain. NSCs were seeded on scaffolds incorporated with hydroalcoholic Z. officinale extract. The MTT 

assay was done for the survival and the proliferation of neural stem/progenitor cells (NS/PCs) on scaffolds. 

Results: Results indicated the good capacity of Chi-Alg-Zo for proliferation and differentiation into glial (astrocytes and oligodendrocytes) lineages. A suitable 

surface, which was provided for cellular interaction, led to the advancement of cell survival, connectivity, proliferation, and separation of NSCs.  

Conclusions: The present study evaluated the separation of stem cells on the scaffold, finding that the expression of the glial fibrillary acidic protein (GFAP) 

and Oligo4 markers was higher in Chi-Alg scaffolds containing hydroalcoholic Z. officinale extract. Chi-Alg-Zo scaffolds could be suitable candidates for neural 

tissue engineering.  
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Resumen 

Contexto: La preparación de un sustrato adecuado para el cultivo de las células madre neurales y su proliferación en la ingeniería del tejido neural es de suma 

importancia.  

Objetivos: Evaluar el efecto del extracto hidroalcohólico de Zingiber officinale incorporado al andamio de quitosano-alginato (Chi-Alg-Zo) en el tejido 

nervioso. 

Métodos: Los andamios porosos desarrollados en el presente estudio fueron investigados en cuanto a sus propiedades superficiales, interacción química, 

cristalinidad, estabilidad térmica, porcentaje de porosidad, tamaño de los poros, degradabilidad y propiedades de absorción de agua. Para ello, se realizaron 

las siguientes pruebas: Microscopio electrónico de barrido de emisión de campo (FE-SEM), espectroscopia infrarroja por transformada de Fourier (FTIR), 

difracción de polvo de rayos X (XRD), análisis termo gravimétrico (TGA), porosidad basada en la sustitución de líquidos, análisis Image-J, y ensayo de 
degradación y absorción de agua. Las células madre/progenitoras neurales de ratón (NSC/PCs) fueron cosechadas del cerebro embrionario de ratón. Las NSC 

se sembraron en andamios incorporados con extracto hidroalcohólico de Z. officinale. Se realizó el ensayo MTT para la supervivencia y la proliferación de las 

células madre/progenitoras neurales (NS/PCs) en los andamios. 

Resultados: Los resultados indicaron la buena capacidad de Chi-Alg-Zo para la proliferación y diferenciación en linajes gliales (astrocitos y oligodendrocitos). 

Una superficie adecuada, que se proporcionó para la interacción celular condujo al avance de la supervivencia celular, la conectividad, la proliferación y la 

separación de las NSC. 

Conclusiones: El presente estudio evaluó la separación de las células madre en el andamio, encontrando que la expresión de los marcadores de proteína 

ácida fibrilar glial (GFAP) y Oligo4 era mayor en los andamios Chi-Alg que contenían extracto hidroalcohólico de Z. officinale. Los andamios Chi-Alg-Zo podrían 

ser candidatos adecuados para la ingeniería del tejido neural. 

Palabras Clave: ingeniería de tejidos neurales; células madre/progenitoras neurales; andamio de quitosano-alginato; extracto de jengibre. 
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Abbreviations: Alg: alginate; Chi: chitosan; Chi-Alg-Zo: chitosan-alginate scaffold-Zingiber officinale; DAPI: 40,6-diamidino-2-phenylindole; DMEM-

F12: Dulbecco’s Modified Eagle’s Medium; EGF: epidermal growth factor; FBS: Fetal bovine serum; FE-SEM: Field Emission Scanning Electron 
Microscope; FITC: Fluorescein isothiocyanate (FITC); FTIR: Fourier-Transform Infrared Spectroscopy; GFAP: glial fibrillary acidic protein; MTT: 

thiazolyl blue tetrazolium bromide; NS/PCs: Neural stem/progenitor cells; PBS: phosphate buffer solution; TGA: Thermal gravimetric analysis (TGA); 

TPP: sodium tripolyphosphate; XRD: X-ray powder diffraction; Zo: Zingiber officinale. 

 

INTRODUCTION 

Numerous challenges led to the recovery of de-
generative diseases of the nervous system (Gu et al., 
2014; Hassanzadeh Khanmiri et al., 2022). Tissue en-
gineering has been developed to improve tissue func-
tion (Schmidt and Leach., 2003). The scaffold could 
induce an appropriate environment for the creation of 
novel tissues through tissue engineering 
(Ghasemi‐Mobarakeh et al., 2011). Through neural 
tissue engineering, in turn, different biopolymers 
have been used for the synthesis of scaffolds. Chi-
tosan (Chi) is an appropriate material for usage in 
nerve tissue engineering (Freier et al., 2005). Chi has 
wide usage in biomedical and biological fields due to 
its high biocompatibility properties (Venkatesan et al., 
2017). The hydrophobic properties of Chi have caused 
limitations in its application (Yuan et al., 2008). Previ-
ous studies revealed that the Chi nanoparticle (NP) 
containing silibinin is an appropriate candidate for 
future cell-based therapeutic strategies (Alipour et al., 
2020). To further enhance the performance of Chi, 
alginate (Alg) can be utilized to make better biological 
compatibility. Alg obtained from cell walls of brown 
algae and bacteria, such as Pseudomonas aeruginosa, 
was used to form gels and films (Becker et al., 2001). 
The electrostatic interaction among NH3 groups of 
Chi and COOH groups of Alg creates a polyelectro-
lyte complex, which maintains the characteristics of 
each polymer and causes alterations in the behavior 
of water absorption (Panawes et al., 2017; Pereira et 
al., 2013).  

As an herbal medicine, ginger (Zingiber officinale 
Roscoe, Zingiberaceae) is used for many ailments. Gin-
gerol and different derivatives were obtained from Z. 
officinale (Han et al., 2013). Moreover, Z. officinale (Zo) 
is one of the compounds that protect nerve cells. In 
1945, Cotton first introduced the chemical structure of 
Z. officinale (Waggas, 2009). Z. officinale extract con-
taining 6-gingerol was found to induce apoptosis in 
the colon cancer cells (Khan et al., 2017; Radhakrish-
nan et al., 2014). Investigations have revealed that the 
extract of Z. officinale has exhibited anti-inflammatory 
characteristics (Habib et al., 2008). Previous studies 
indicated that the Z. officinale-nanofiber scaffold may 
be an appropriate scaffold for skin tissue engineering 
fields (Mani et al., 2019). Previous research has con-
firmed that the extract of Z. officinale decreased cell 
death and restored performance in injuries (Asnani 
and Verma, 2007; Waggas, 2009). Z. officinale does 

have various effects, but have not been reported on 
the separation of neural stem cells (NSCs). NSCs are 
self-renewal and multipotent cells which can induce 
neurons, astrocytes, and oligodendrocytes. This work 
managed to prepare the Chi-Alg-Z. officinale 3D scaf-
fold as a suitable candidate for nerve tissue engineer-
ing.  

MATERIAL AND METHODS 

Materials 

Sodium alginate, sodium tripolyphosphate (TPP), 
Chi (practical grade, >75% deacetylated, MW = 190–
375 KDa), and Z. officinale were prepared from the 
local market of Tehran, Iran. Calcium chloride anhy-
drous (CaCl2), glutaraldehyde, Dulbecco’s Modified 
Eagle’s Medium (DMEM-F12), and thiazolyl blue 
tetrazolium bromide (MTT) were obtained from Sig-
ma–Aldrich (St Louis, MO, USA). Fetal bovine serum 
(FBS) was supplied from Invitrogen, USA. Sodium 
hydroxide, acetic acid, ethyl alcohol, and other chemi-
cal substances were of analytical grade. The epider-
mal growth factor (EGF), N2, and B-27 supplements 
(Gibco, Germany) were prepared. Primary antibodies 
were obtained from nestin, glial fibrillary acidic pro-
tein (GFAP), and Oligo4 (Abcam, USA). Rabbit anti-
goat IgG secondary antibody (Abcam, USA) and 40,6-
diamidino-2-phenylindole (DAPI) (Cambridge, MA, 
USA) were purchased. 

Plan material 

Z. officinale rhizomes were supplied from the local 
market of Tehran, Iran. The prepared plants were 
dried at room temperature and powdered with a 
grinder. In summary, 20 g of a dried plant was added 
to 100 mL ethyl alcohol and stirred continuously for 2 
days. After that, this extract was filtered through 
Whitman paper No. 41. To evaporate the alcohol, the 
solution was placed in an oven at 40°C (Akbari et al., 
2017).  

Fabrication of Chi-Alg scaffold 

The Chi-Alg scaffold was fabricated using a  meth-
od reported previously with slight modification (Li et 
al., 2010; Zheng et al., 2007). To prepare Chi and Alg 
solutions, 4.8 g of each powder was dissolved in 80 
mL of 1 N acetic acid and 120 mL of 1 N NaOH, re-
spectively. The Z. officinale extract (10 and 100 
μg/mL) was added to the Alg solution by stirring. 
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Then, the Chi solution was poured into the previous 
solution. The resultant solution was sonicated and 
stirred to attain a homogenous dispersion of 4.8% 
w/v (2.4% Chi, 2.4% Alg). After the addition of 2 N 
acetic acid solution, the pH of this solution was ad-
justed to 7.4. Then the solution was added to a 24-well 
plate, kept at 20°C for 1 day, and freeze-dried. After 
that, 0.2 M CaCl2 solution was used to crosslink the 

scaffolds. Also, based on previous references, neat 
Chi scaffolds were created for comparison. 

Field Emission Scanning Electron Microscope 
(SEM) analysis 

The morphology of the produced scaffolds was 
observed with SEM (LEO 440i, TESCAN company, 
Brno, Czech Republic). Samples were gold-sputtered 
(Alipour et al., 2020).  

Fourier-Transform Infrared Spectroscopy (FTIR) 
analysis 

FTIR measurements of scaffolds were carried out 
with a spectrometer (Tensor27, Bruker Co., Ettlingen, 
Germany) (Alipour et al., 2020). 

X-ray powder diffraction (XRD) analysis 

XRD patterns were documented with a panalytical 
diffractometer (Germany) (Cu K radiations) at 45 KV 
and the range of 2–60° (Alipour et al., 2020). 

Porosity and swelling rate of scaffolds 

The scaffold porosity was measured using the liq-
uid displacement technique (Venkatesan et al., 2014). 
For the porosity calculation, the dry weight of the 
samples and the volume of the ethanol were initially 
calculated. Next, the samples were immersed in the 
dehydrated alcohol for 2 days. The samples' weights 
were then measured again. Eventually, the porosity 
value of the samples was estimated as equation [1]. 

Porosity % =
(V2 − V1 − V3)

(V2 − V3)
× 100 

 
[1] 

Where V1 = primary weight of the scaffolds, V2 = sum of the weights 

of ethanol and the submerged samples, and V3 = weight of ethanol after 

the removal of the samples. 

The swelling ratio of scaffolds was determined 
through the immersion of equally weighted scaffolds 
in 1× PBS for different time intervals of 12 days (1.3.6, 
9,12 days) at pH = 7.4 and 37°C. The swelling ratio 
was obtained as equation [2]. 

Swelling ratio % =
Ww –WD

WD
× 100 

 
[2] 

Where Ww was the wet weight (after swelled in PBS), and WD was the 

dry weight of the scaffolds (Wang et al., 2017). 

Thermogravimetry analysis (TGA) 

The thermal stability of the Chi-Alg scaffold and 
Chi-Alg scaffold Z. officinale was analyzed by using 
Mettler Toledo simultaneous TGA. This measurement 
was performed under a nitrogen atmosphere, and the 
scaffolds were heated up to 800°C at a constant heat-
ing rate of 10°C/min. 

Biodegradation ratio analysis 

The biodegradation of the scaffolds was deter-
mined in PBS at 37°C. The pieces of scaffolds were 
immersed in PBS and kept for 12 days. The primary 
dry weight of the sample was documented as WI. 
After being immersed in PBS, the samples were 
washed, dried, and weighed again after each time 
point (1, 3, 6, 9, and 12 days) and noted as Wt. The 
biodegradation ratio was calculated using the equa-

tion [3] )El-Kady et al., 2010(. 

Biodegradation % =
 WI –Wt

 WI
× 100 

 
[3] 

Experimental animals 

Primary culture of neural stem/progenitor cells (NS/PCs) 

Mouse NS/PCs were cultured from embryonic 
day 14 (E14) mice. Before the start of the work, all 
animal experiments were done with approval from 
the Ethical Committee of Lorestan University of Med-
ical Sciences (IR.LUMS.REC.1397.117). A total of 7 
mice (n = 7) were recruited in the present study. Pri-
mary cultures of embryonic NSCs/PCs were done 
using the neurosphere technique, as reported former-
ly (Wang et al., 2017). By using ketamine-xylazine (K, 
3 mg/kg; X, 1 mg/kg), the female mice were anesthe-
tized on their 14th day of gestation. The embryos were 
harvested and were then added into sterile tubes con-
taining cold PBS. With repeated pipetting in a serum-
free neurosphere medium, the cortices were then 
mechanically disrupted into single cells. The C6 glio-
ma cell line was obtained from the international cell 
bank (Pasteur Institute, Tehran, Iran) with documen-
tation code: C575. The cells were cultivated in 
DMEM-F12 media complemented by 20 ng/mL of 
EGF, 1% N2, 2% B-27 supplements, and 1% penicil-
lin/streptomycin at 5% CO2 atmosphere and 37°C for 
5–7 days. The culture medium was replaced every 3 
days. Following 2-3 passages, the obtained NS/PCs 
were used for experiments. 

Identification of NS/PCs 

After 7 days, the single-cell suspension of NS/PCs 
(second passage) was obtained, and the cells were 
then seeded as monolayers into 96-well plates (poly-
d-lysine-coated). The cells were fixed with 4% para-
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formaldehyde for 30 min. The permeabilization and 
blockage were performed with triton X-100 solution 
and normal horse serum, respectively. To detect the 
NS/PCs, nestin (1:100) was utilized, and nuclei were 
counterstained with DAPI (1:1000). Goat anti-mouse-
FITC (Abcam, USA) was applied as the secondary 
antibody. To identify negative controls, secondary 
antibodies alone were kept (Aligholi et al., 2016). 

Evaluation of cell cytotoxicity and proliferation assay  

The MTS assay was used to investigate cell cyto-
toxicity and proliferation (Aligholi et al., 2016). The 
produced scaffolds were cut into small pieces, and the 
pieces were exposed to UV radiation for 1.5 h and 
then placed in 96-well plates, and the cells were seed-
ed on scaffolds with a density of 3 × 104 cells and kept 
for 1 and 7 days in MTT solution (5 mg/mL) in 
DMEM-46 at 37°C in an atmosphere of 5% CO2. Next, 
the 150 μL DMSO solution was added into each well 
to remove the formed formazan crystals. Thereafter, 
the optical density (OD) of the supernatant solution 
was read by an ELISA reader at 490 nm. 

NS/PCs differentiation 

For differentiation, single-cell neurospheres were 
obtained in passage 2 with 0.05% trypsin–EDTA (Gib-
co, USA) and then calculated, and NSCs were injected 
in scaffolds in 12-well plates (Sigma–Aldrich) at a 
density of 106 cells/well containing DMEM-F12 with-
out bFGF and EGF and containing 10%-free bovine 
serum albumin for 5 days (Aligholi et al., 2016). 

Immunofluorescence assay  

The immunofluorescence studies were performed 
to investigate the differentiation of NS/PCs injected 
into scaffolds  to astrocytes and oligodendrocytes. The 
culture medium was removed, and the cells were 
then washed with PBS and fixed via 4% paraformal-
dehyde for 0.5 h. Primary antibodies, e.g., nestin as an 
indicator for neural stem (1:150), Oligo4 as an indica-
tor for oligodendrocyte (1:100), and GFAP as an indi-
cator for astrocytes (1:100) were used. Secondary anti-
bodies of rabbit anti-goat-FITC were used for 60 min 
at 4°C. DAPI assay was applied for the recognition of 
cell nuclei. The findings were evaluated with fluores-
cent microscopy (Olympus, Germany) (Aligholi et al., 
2016). 

Statistical analysis 

All experiments were in three replicates and doc-
umented as mean ± SD (standard deviation). Statisti-
cal comparisons were carried out with an analysis of 
variance (ANOVA) and Tukey’s test using SPSS soft-
ware. The significance level was specified at p<0.05. 

RESULTS  

SEM studies were done to evaluate the morpholo-
gy of the surface, architecture, pore size, and pore 
structure of scaffolds  (Fig. 1). Fig 1B-C shows images 
of Chi-Alg-Zo and Chi-Zo scaffolds, respectively. As 
it is known, the incorporation of a Z. officinale extract 
in the scaffold reduced the size of the scaffold pores. 
The incorporation of Z. officinale extract in Chi-Alg 
leads to heterogeneous and well-defined pores. The 
pore size of the scaffolds was calculated by image 
analysis (Image J) of SEM images. All the prepared 
scaffolds of Chi-Alg, Chi-Alg-Zo, Chi, Chi-Zo were 
determined to be highly porous with an average size 
of 44.04 ± 1.98 μm, 28.36 ± 0.51 μm, 24.55 ± 0.38 μm, 
and 11.32 ± 0.29 μm in length, respectively (Fig. 2). 
The observation revealed that the incorporation of 
ginger extract reduced the average size of the scaffold 
pores. 

The chemical interaction between ginger, Chi, and 
Alg was analyzed with FTIR analysis (Fig. 3). The IR 
spectrum of Chi indicated the characteristic peaks at 
3533.35 cm−1, 1629.74 cm−1, and 1141.78 cm−1, which 
are attributed to the OH stretching vibrations, C=O 
stretching vibrations, and C-O stretching vibrations, 
respectively. In the IR spectrum of Chi and Z. officinale 
characteristic absorptions, bands at 3533.35 cm−1 (as-
sociated with the O-H stretching vibrations) and 
1629.74 cm−1 (related to the N-H stretching vibrations) 
were shifted to 3529.49 and 1145.64 cm−1, respectively, 
representing the interaction between Chi amine 
groups and O-H and C-O-C functional groups of gin-
ger. The IR spectrum of Alg demonstrated the specific 
peaks at 1454.23 cm−1, 840.90 cm-1, and 680.82 cm-1 that 
are associated with the stretching vibrations of 
asymmetric and symmetric bands of carboxylate ani-
ons and antisymmetric stretching vibrations of C-O-C 
groups, respectively. 

The XRD diffraction was applied to study the crys-
tal structure of the synthesized materials (Fig. 4). The 
XRD curve of Chi showed complete disappearance of 
the diffraction peaks of 2 Ө. The XRD curve of Chi is 
similar to Chi and Z. officinale, suggesting that the 
amorphous structure of Chi was not affected by the 
impregnation of ginger. The diffraction peaks of gin-

ger completely disappeared in Chi-Z. officinale, con-
firming the amorphization of Chi during the product 
formation. The XRD curve of ginger showed sharp 
and intense diffraction peaks at 2 θ = 11.45°, 16.89°, 
21.48°, 23.87°, and 29.76°, indicating the crystalline 
nature of Z. officinale.  

These results demonstrated that the porosity of the 
produced scaffolds was >90% (Fig. 5). Compared to 
Chi-Alg and Chi scaffolds, there was an enhancement 
in the porosity of Chi-Alg-Zo. The porosity of the Chi-
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Alg, Chi-Alg-Zo, Chi, and Chi-Zo scaffolds was 
measured at 92.46 ± 0.18%, 93.57 ± 1.02%, 92.13 ± 
0.44%, and 92.43 ± 0.43%, respectively (Figs. 5A-C). 

The thermal stability of the Chi-Alg, Chi, and Chi-
Alg-Zo, and Chi-Zo was achieved by TGA at a tem-
perature between 20 and 800ºC under a nitrogen at-
mosphere. TGA in C (Chi-Alg), E (Chi-Alg-Zo), D 
(Chi), and B (Chi-Zo) showed that they had a temper-
ature variation between 200ºC and 500ºC (Fig. 6). In 
fact, the incorporation of ginger extract to the Chi-Alg 
and Chi scaffolds did not show a significant effect on 
thermal stability (Fig. 6). 

Seven days after the initial cultivation of NS/PCs, 
a significant amount of free-floating neurospheres 
was formed in a serum-free medium complemented 
by EGF and bFGF (Fig. 7A). Immunocytochemistry 
with anti-nestin was performed to recognize NS/PCs. 
The obtained results demonstrated that the majority 
of neurospheres expressed nestin. (Fig. 7B-F). 

The single cells were obtained from dissociated 
neurospheres in the subsequent passage at the begin-
ning of all procedures. Results of the MTT assay re-
vealed a significant difference in the cell viability 
among Chi-Alg, Chi-Alg-Zo, Chi-Zo, and Chi after 1 
and 7 days of incubation compared to 2D culture. 
This confirms that the impregnation Z. officinale ex-
tract shows no cytotoxicity in the Chi-Alg scaffolds 

and Chi scaffolds (p<0.05) (Fig. 8). The cell survival 
considerably increased in Chi-Alg, Chi-Alg-Zo, Chi, 
and Chi-Zo groups as compared with the 2D-culture 
within 1 day and 7 days. The survival of NS/PCs in 
Chi-Alg-Zo was considerably greater than in other 
scaffolds (p<0.05) on days 1 and 7. On day 7, the rati-
os of sustainable cells were notably higher in the Chi-
Alg-Zo group in comparison to other groups (Fig. 8). 

NS/PCs cultivated on Chi-Alg, Chi-Alg-Zo, Chi, 
and Chi-Zo for 7 days were analyzed with the FE-
SEM. FE-SEM investigations showed that the NS/PCs 
could attach to and expand on the scaffold's surface 
(Fig. 9A-F). However, cell development and adhesion 
were better in the Chi-Alg-Zo (Fig. 9B).  

To examine the fate of differentiation of NS/PCs 
on the Chi-Alg, Chi-Alg-Zo, Chi, and Chi-Zo scaffolds 
under the differentiation condition for 7 days, the 
immunofluorescence assay was used (Fig. 10A-C). On 
the 7th day, the average ratio of nestin-positive cells 
was notably higher in the Chi-Alg-Zo than in other 
groups (p<0.05), indicating that the ratio of NSCs was 
higher on these scaffolds (Figs. 10A and 11). Seven 
days after NSCs separation, the average ratio of cells 
through the Chi-Alg-Zo was notably higher than 
those of other groups of Chi-Alg (44 ± 0.57%) 
(p<0.05). 

 

 

Figure 1. Microstructures of chitosan-alginate (A); chitosan-alginate-Z. officinale (B); chitosan (C); and chitosan-Z. officinale (D) 

scaffolds analyzed by SEM. 
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Figure 2. The average pore size of chitosan-alginate (Chi-Alg); chitosan-alginate-Z. officinale 

(Chi-Alg-Zo); chitosan (Chi); and chitosan-Z. officinale (Chi-Zo). 

Data represent mean ± SD (n = 3). *p<0.05 versus the control group (Chi-Alg). 

 

 

Figure 3. FTIR spectra of chitosan (Chi), Z. officinale, Chi-Z. officinale, 

alginate (Alg), Chi-Alg-Z. officinale, and chitosan-alginate (Chi-Alg). 
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Figure 4. XRD diffraction pattern of chitosan (Chi), Z. officinale, Chi-Z. officinale, alginate 

(Alg), Chi-Alg-Z. officinale and Chi-Alg. 

 

A  B 

 

 

 

C   

 

Figure 5. (A) Porosity of chitosan-alginate (Chi-Alg), Chi-Alg-Z. officinale (Chi-Alg-Zo), chitosan (Chi) and Chi-Zo. (B) Swelling ratio of 
Chi-Alg, Chi-Alg-Zo, Chi, and Chi-Zo in PBS at 37ºC. The swelling ratio was increased by the incorporation of Zo. (C) Biodegradation 

rate of Chi-Alg, Chi-Alg-Zo, Chi, and Chi-Zo) in PBS at 37°C for 1-8 weeks.  

Data represent mean ± SD (n = 3). *p<0.05 versus the Chi-Alg group (control). 
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Figure 6. Thermal behavior of (B) Chi-Z. officinale (Chi-Zo); (C) chitosan-alginate (Chi-

Alg); (D) chitosan (Chi); and (E) Chi-Alg-Z. officinale (Chi-Alg-Zo). 

 
 
 

 

Figure 7. Harvesting of primary culture of neural stem/progenitor cells from the embryonic mouse brain (embryonic day 14, E14) 

and then cultured as neurospheres.   

(A) Free-floating neurospheres were obtained from the embryonic mouse brain (E14) after 7 days. (B-D) immunocytochemical staining of purified 

NS/PCs. The spheres were immunoreactive for nestin (B), DAPI (C), and Merged (D). 
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Figure 8. Cell viability and proliferation assessment (on days 1 and 7).  

Primary culture of neural stem/progenitor cells cultured in chitosan-alginate (Chi-Alg), Chi-Alg-Z. officinale (Chi-Alg-Zo), 

Chi, Chi-Z. officinale (Chi-Zo) scaffolds detected by MTT assay. The proliferation analysis indicated the noteworthy 

difference amongst groups in 2D- and 3D cultures. Data represent mean ± SD (n = 3). *p<0.05 versus the control group (2D) 

on days 1 and 7. Bars with solid color fills correspond to day 1, and bars with hatched fills correspond to day 7. 

 
 

 

Figure 9. Field Emission Scanning Electron Microscope images of primary culture of neural stem/progenitor cells cultured in (A) 

chitosan-alginate (Chi-Alg); (B) Chi-Alg-Z. officinale; (C) Chi, and (D) Chi-Z. officinale scaffolds after 7 days in vitro cultures. 
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Figure 10. The ratio of total cells that were separated into (A) Nestin; (B) 

Oligo4; and (C) glial fibrillary acidic protein (GFAP) indicators on the 7th 

day. 

Data represent mean ± SD (n = 3). *p<0.05 versus the control group chitosan-

alginate (Chi-Alg). 

 

 

DISCUSSION 

As shown in Fig. 4, the peak at 1585 cm−1 and 1415 
cm−1 in the Chi-Alg product shifted to 1563.43 cm−1 
and 1417.91 cm−1, respectively, in Chi-Alg-Zo. Moreo-
ver, the peak at 3447.63 cm−1 in the Chi-Alg-Zo spec-
trum can be attributed to O-H functional groups of Z. 
officinale. These changes demonstrated that carboxyl 
groups (–COO) of Z. officinale interacted with the 
amino group (NH3+) of Chi and carboxyl groups of (–
COO) in Alg. This formed an ionic Chi-Alg-Zo scaf-
fold. Unlike the case of ginger, the characteristic 
peaks of Chi, Alg, and Z. officinale appeared in the FT-
IR spectra of Chi-Alg-Zo. IR spectrum of ginger 
showed characteristic peaks at 3544.83 cm−1 (attribut-
ed to the O-H stretching vibrations), 2930.99 cm−1 
(associated with CH2 asymmetric stretching vibra-
tions), 1622.15 cm−1 (associated with amide 1), 1512.37 
cm−1 and 1456.21 cm−1 (related to the aromatic skeletal 
joined by C–H in plane deforming and stretching 
vibrations), 1267.27 cm−1, 1065.58 cm−1 and 1042.61 
cm−1 (associated with C-O-C stretching and C-F 
stretching vibrations), 820.49 cm−1, 782.19 cm−1 and 
618.81 cm−1 (associated with C-H stretching and C-

CL2 rocking vibrations), and 478.38 cm−1 (related to C-
Br rocking vibrations).  

The XRD curve of Alg illustrated sharp and in-
tense peaks at 2 θ = 8.85.19°, 27.14°, 30.94°. The XRD 
pattern of Chi-Alg-Zo demonstrated peaks at 
2θ=11.42°, 19.02°, 22.49°, 22.49°, and 29.76°, indicating 
the presence of a crystalline form of Z. officinale in the 
Chi-Alg-Zo scaffold relative to the Chi-Alg, and con-
firming the impregnation of the Z. officinale in the 
scaffold. The XRD curve of Chi-Alg showed the 
amorphous structure of the product. It also  showed 
that the ionic Chi-Alg interaction led to good compat-
ibility, which confirmed  the FTIR results. The XRD 
pattern of Chi-Alg-Zo demonstrated peaks at 2 θ = 
11.42°, 19.02°, 22.49°, 22.49°, and 29.76°, indicating the 
presence of a crystalline form of Z. officinale in the 
Chi-Alg-Zo scaffold relative to the Chi-Alg, and con-
firming the impregnation of the Z. officinale in the 
scaffold. The XRD curve of Chi-Alg showed the 
amorphous structure of the product. It also showed 
that the ionic Chi-Alg interaction led to good compat-
ibility, which confirmed the FTIR results.  
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Figure 11. (A) Immunofluorescence staining was accomplished in the primary culture of neural stem/progenitor 
cells (NS/PCs) after 7 days of separation. (B) Immunofluorescence staining was accomplished in NS/PCs after 7 

days of separation. (C) Immunofluorescence staining was accomplished in NS/PCs after 7 days of separation.  

The indicators are shown in green, although the cell nuclei, counterstained by DAPI, are shown in blue. 

 
The migration of cells into the scaffold is an im-

portant index of a high degree of porosity (Venkate-
san et al., 2014). A porosity greater than 90% could be 
important for tissue engineering objectives (Levene et 
al., 2000). This porosity feature clearly shows the scaf-
fold's suitability for cell adhesion and migration (Du-
arte et al., 2009; Sowjanya et al., 2013). The swelling 
behaviors of Chi-Alg, Chi-Algo, Chi, and Chi-Zo scaf-
folds were evaluated by floating these scaffolds in 1× 
PBS solution. The findings indicated that the incorpo-
ration of ginger extract in Chi-Alg and Chi-scaffolds 
increased the swelling ratio, and these changes were 
significant among these scaffolds (p<0.05). By absorb-
ing 200–300 times more water than its weight, Alg 
facilitates the transcellular movement of nutrients and 
cellular infiltration (Sowjanya et al., 2013). This scaf-
fold property is appropriate for cell attachment and 
growth and facilitates the transportation of nutrients 
from the scaffold to cells in the culture system. The 
increased swelling caused an enhancement in the 
surface area of scaffolds, as this increase can result in 
better cellular attachment, infiltration, and nutrient 
availability (Binulal et al., 2010). However, the Chi-
Alg-Zo showed less biodegradation in comparison to 

the Chi-Alg scaffold. In terms of optimal regeneration, 
it is important for scaffold degradation to be compati-
ble with the new tissue formation rate. Neural regen-
eration is a lengthy process, as successful peripheral 
nerve damage regeneration takes 6–8 weeks (Subra-
manian et al., 2019).  

Z. officinale may be affected by the weakening 
chemical forces of Chi-Alg. This shows that the bio-
degradation degree of the Chi-Alg scaffold can be 
modified by incorporating ginger at an appropriate 
level. Previous studies demonstrated that the Alg-Gel, 
Alg-Gel-CN, and Alg-Gel-SCN scaffolds were safe for 
mouse MSC cells (Leena et al., 2017). Moreover, the 
injection of NS/PCs in the PM scaffold caused a high 
level of proliferation (Aligholi et al., 2016). The aver-
age ratio of GFAP positive cells was also considerably 
higher in the Chi-Alg-Zo group (32 ± 0.57%) as com-
pared to other groups after 7 days (p<0.05); Figs. 10B, 
and 11, indicate higher NS/PCs differentiation in 
astrocytes. Differentiation of human fetal neural pro-
genitor cells in astrocytes in PM has been previously 
reported. Estimation of Oligo4 in various cultures 
showed a greater Oligo4-positive cell count in the 
Chi-Alg-Zo (45 ± 0.57%), Chi-Alg (19 ± 0.57%), Chi (15 
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± 0.57%), and Chi-Zo (22 ± 0.57%) groups on day 7 
(p<0.05). NS/PCs have been found to express astro-
cyte and oligodendrocyte markers in PM, and PM 
scaffold was found to be efficient for the separation of 
adult rat NS/PCs (Aligholi et al., 2016). 

CONCLUSION 

In this study, a hydroalcoholic Z. officinale extract 
was incorporated in Chi-Alg 3D porous scaffolds to 
introduce a platform for the differentiation of NSCs. 
The evaluation of the physicochemical properties of 
the scaffolds demonstrated that Z. officinale extract 
loaded on Chi-Alg could decrease the average size of 
the scaffold pores and increase the swelling and deg-
radation ratio of 3D porous scaffolds without any 
change in thermal stability. Moreover, Chi-Alg-Zo 
scaffolds could promote the proliferation and separa-
tion of NS/PCs to glial (astrocytes and oligodendro-
cytes) lineages. In tissue engineering, enhancement of 
cell attachment and proliferation are the important 
factors of a scaffold. Due to suitable biology proper-
ties, the Chi-Alg-Zo scaffold can be used as a prospec-
tive neural tissue engineering application. 
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