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Abstract The fruiting body of split gill macrofungus was collected and isolated. Its ribosomal
RNA (rRNA) gene was sequenced to identify the species. Based on ITS1 and ITS4 regions, the
nucleotide sequence was matched with S. commune showing 99.89% identity. Moreover, to
prepare the crude polysaccharide (CP) from mycelium, the pressurized hot water extraction
method and ethanol precipitation were utilized. The neuroprotective activity was evaluated by
applying 100 M H,0,-induced oxidative stress on the SH-SYS5Y cell line. Cell morphology
was observed by fluorescent microscopy using Hoechst 33342 staining. A 250 pg/ml crude
polysaccharide concentration reduced intracellular nuclear deformation compared to H,O,
alone with apoptosis protection of cells stained with Annexin-V and propidium iodide (PI). The
cell cycle was estimated by Pl staining and flow cytometry. The results showed that 125-250
g/ml of crude polysaccharide reduced neuronal apoptosis. Furthermore, the crude
polysaccharide mechanism of action reduced apoptosis in the sub-G1 phase compared to the
H,O, group. This is the first report on the neuroprotective effect of crude polysaccharides
extracted from S. commune performed in vitro on the SH-SY5Y cell line.
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Introduction

Neurodegenerative disease occurs when nerve cells in the brain and
neurons deteriorate and cannot recover, causing them to lose function. As a
result, the brain gradually becomes smaller by the progressive loss of the
nervous system causing many diseases such as Alzheimer’s and Parkinson’s
(Kovacs et al., 2014; Kovacs, 2016; Przedborski et al., 2003). The primary
agents of neuronal degeneration and death in this group of diseases have not yet
been clearly identified, but 90-95% of patients are elderly. Therefore, age is a
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critical factor in disease occurrence, but the disorder can also occur in younger
populations (Lutz et al., 2014; Hung et al., 2010; Hou et al., 2019; Lin and
Beal, 2006).

Both external environmental and internal genetic interactions are
responsible for most neurodegenerative diseases, and studies are ongoing to
determine optimal patient treatment. Recently, medicinal herbs or natural
products such as mushrooms and macrofungi have been applied to prevent and
restore degenerative disorders of the brain and nerve cells. Schizophyllum
commune is a fast-growing macrofungus found in every region of Thailand. It
is highly nutritious and contains protein, iron, phosphorus, calcium, vitamins
and minerals (Adejoye et al., 2007; Hobbs, 2005; Han et al., 2005), with the
main bioactive compound a non-ionic polysaccharide called schizophyllan (Ooi
and Liu, 1999; Yoshiba et al., 2015). The pharmacological activity of
schizophyllan has been reported in many fields such as antifungal, antibacterial,
cancer therapy, tumor treatment, and as a tonic or elixir (Zhou et al., 2015; Du
etal., 2017; Liu et al., 2018).

Polysaccharide compounds of mushrooms and macrofungi are found in
the fruiting body, the mycelia and the liquid medium (Friedman, 2016). The
several steps in cultivating mushrooms take at least 4-5 weeks. Therefore, the
study investigated whether the polysaccharide extract from mycelia of S.
commune for neuroprotective effects against H,O,-induced neuronal cell loss in
neuroblastoma cells (SH-SY5Y) and examined the polysaccharide extract
induced an anti-apoptotic effect.

Materials and methods
Morphological and molecular identification

The mycelia of S. commune was isolated from the fruiting body on dead
rubber trees under natural conditions in Than-To District, Yala Province. The
pure culture was isolated and transferred to a spawn bag to produce the fruiting
body following the method described by Garcia et al. (2018). The harvested
fruiting body was morphologically and molecularly identified which was
performed by amplification and rRNA sequencing using ITS1 and ITS4
primers. Nucleotide sequences were compared with those deposited in the
GenBank database using the BLAST (Basic Local Alignment Search Tool)
program (https://www.ncbi.nlm.nih.gov/blast.cgi).
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Cell culture and chemicals

The human neuroblastoma cell line (SH-SY5Y) was obtained from the
American Type Culture Collection (ATCC, USA). Cells were cultured in
Dulbecco’s modified Eagle’s medium and Ham’s F12 (1:1 mixture) (Gibco,
USA) supplemented with 10% fetal bovine serum (Gibco, USA), 100 units/ml
of penicillin, and 100 mg/ml of streptomycin (Gibco, USA) in a 5% CO;
incubator at 37 <C.

Extraction of polysaccharide from mycelia of S. commune

For mycelial cultivation of S. commune, a sterile cellophane membrane (9
cm diameter) was placed on the surface of autoclaved potato dextrose agar
(PDA, Merck, Germany). Then, 0.5 cm® of pure culture of S. commune was
placed in the center of the cellophane membrane. After incubation at room
temperature for 10 days, the mycelia were harvested by lifting the mycelial
mass from the culture medium. To extract the polysaccharides, the mycelial
mass was mixed with distilled water at a ratio of 1:10 (w/v) and then autoclaved
under a pressure of 15 pounds per square inch at 121°C for 30 min. After
cooling, the supernatant was collected and precipitated by mixing with 95%
ethanol at a ratio of 1:1 (v/v) and incubated overnight at 4 <C. To precipitate the
polysaccharides, the overnight solution was centrifuged at 7,000 rpm for 10
mins, and the supernatant was discarded. The precipitated crude polysaccharide
was washed with ethanol and lyophilized (Nik Ubaidillah et al., 2015).

Analysis of crude polysaccharide composition

Schizophyllan analysis

Crude polysaccharide analysis to detect schizophyllan was performed on
an HPLC system. (ThermoSpectra Series Complete HPLC AS3000, P4000,
UV1000, SN4000, USA) The separation phase was an Agilent Eclipse Plus
C18 column (100 mm %x4.6 mm, 3.5 um) with a 0.8 ml/min flow rate at 25 <C.
The mobile phase consisted of eluent A (water) and eluent B (methanol).
Gradient elution run time was 0-5 min, 90% A; 5-10 min, 85% A. Absorbance
of the analytes was detected at 205 nm (Su et al., 2016).

Carbohydrate and protein contents

The crude polysaccharide was analyzed to quantify carbohydrate content
using the phenol sulfuric acid colorimetric method outlined in Dubois et al.
(1956). Soluble carbohydrate percentage was calculated based on absorption at
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490 nm using a spectrophotometer and compared to glucose as the standard.
Protein content was measured by the Bradford assay with a percentage
calculated based on absorption at 595 nm using a spectrophotometer and
compared to BSA as the standard.

Cytotoxicity test of crude polysaccharide

Non-toxic doses of crude polysaccharides were determined by the MTT
colorimetric assay following the method described by Siripong et al. (2012).
SH-SY5Y cells (1x10* cells per well) were seeded into each well of 96-well
culture plates and incubated overnight to allow for attachment. Cells were then
treated with 25-500 pg/ml crude polysaccharide for 24 h, followed by adding
MTT solution and incubating at 37 <C for four h. The amount of MTT
formazan was determined by measuring the absorbance at 550 nm using a
microplate reader. All MTT assays were performed in triplicate.

The optimal concentration of hydrogen peroxide (H,0,)

Cytotoxicity of H,0O, on SH-SY5Y cells was determined using the MTT
method. All concentrations of H,O; (3-1,000 M) were freshly prepared with
the medium. The half-maximal inhibitory concentration (ICsy) of H,O, was
calculated to determine H,O,-induced oxidative stress dosage.

Cytotoxicity test of crude polysaccharides against H,O,-induced cells death

The overnight seeded SH-SY5Y cells (3<10* cells per well) in 96-well
culture plates were pretreated with various doses of non-toxic crude
polysaccharides for 24 h and then challenged with H,O, at the optimal
concentration (ICsp) to induce oxidative stress of SH-SY5Y cells for another 24
h. MTT solution was then added to all the wells and incubated in the dark at 37
<C for four h. The amount of MTT formazan was determined by measuring the
absorbance at 550 nm using a microplate reader. All MTT assays were
performed in triplicate.

Morphological changes using fluorescence microscopy
Hoechst 33342 staining was used to visualize nuclear changes and
apoptotic body formation characteristics. SH-SY5Y cells (1<10° cells/well)

were seeded into a petri dish 33x15 mm with a cover slip. The cells were
pretreated with crude polysaccharides for 24 h and then damaged with 100 pM
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H,O, for another 24 h. Finally, cells were fixed and incubated with Hoechst
33342 (Sigma, USA). Morphological changes in the cells were observed under
an inverted fluorescence microscope.

Cell cycle analysis

SH-SY5Y cells were seeded in a petri dish 90x15 mm at a density of
110° cells/dish. The cells were pretreated with crude polysaccharides for 24 h
and then challenged with 100 pM H,O, for another 24 h. Cells were harvested
using 0.1% trypsin-EDTA, fixed in 70% ethanol, and kept at -20 T overnight.
After fixation, the pellets were washed with PBS to remove ethanol and mixed
with 25 il of 1 mg/ml RNase A, 50 i of 100 g/ml propidium iodide (PI) and
425 A of PBS to make up the volume of 500 jd. After incubation for 30 min in
the dark, the DNA contents of the cells were analyzed using a flow cytometer
(BD, USA).

Analysis of apoptosis by Annexin V-FITC/PI assay

SH-SYS5Y cells were seeded in a petri dish 90x15 mm at a density of
1x10° cells/dish. The cells were pretreated with crude polysaccharides for 24 h
and then challenged with 100 pM H,0O, for another 24 h. Cells were harvested
using 0.1% trypsin-EDTA. SH-SY5Y cells were double-stained using Annexin
V-FITC/PI apoptosis detection kit (BD, USA) according to the manufacturer’s
instructions. Samples stained with Annexin V and Pl was quantitatively
analyzed using a flow cytometer.

Statistical analysis

All the experiments in this study were performed in triplicate except as
noted otherwise. Statistical analyses included t-tests and one-way analysis of
variance (ANOVA) using GraphPad Prism software version 5 using one-way
ANOVA using Dunnett’s post hoc test to compare the values between control
and treatment groups. The test results were considered statistically significant
at p< 0.05, p<0.01 and p<0.001.

Results
Morphological and molecular identification

Pure isolated mycelium collected from Than-To District Yala Province
was cultivated at Entrepreneur Mushroom Farms in Chanthaburi Province. The
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obtained fruiting body was 1-5 centimeters in size and had a fan-shaped or
flabellate form. The cap was 1-4 centimeters wide. The upper surface showed
tiny hairs with split gills on the lower side. This is because the gills, which
produce basidiospores, are on their surface. These superficial external
characteristics confirmed the identification of the mushroom species
corresponding to S. commune, as shown in Figure 1.

Amplifying the rRNA gene with universal primers ITS1 and ITS4
obtained a PCR product size of about 600 bp. The nucleotide sequences had the
highest level of similarity at 99.68% homology with S. commune in GenBank
(accession number MH857808.1).

G TR : . = = —
Figure 1. (A) The fruiting bodies of S. commune growing on rubber wood from
Than-To District, Yala Province; (B) Pure mycelial culture isolated from the
fruiting body; (C) The fruiting body of S. commune was produced on the
cultivation bag using seeded isolated pure mycelium; (D) Morphology of
cultivated mushrooms

R

Extraction of crude polysaccharides from mycelia of S. commune

Crude polysaccharides were extracted from the mycelia of S. commune
with water using a steam autoclave, then precipitated crude polysaccharides
with ethanol. The resulting crude polysaccharides were freeze-dried. The
mycelia of S. commune weighed 21.43 g and vyielded 0.807 g of crude
polysaccharide extract, yielding 3.77%. The crude polysaccharide extract at 1
mg/ml was analyzed for carbohydrate and protein content. The result showed
that total carbohydrate and protein content were 0.5440.006 mg/ml and
0.0640.003 mg/ml, respectively. HPLC analysis showed that schizophyllan was
an active compound in the crude polysaccharide extract from S. commune. A
chromatogram of crude polysaccharides using the HPLC method was presented
in Figure 2, which showed that 1 g of crude polysaccharide contained 21.0g of
schizophyllan.
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Figure 2. (A) HPLC chromatograms of Schizophyllan standards; (B) HPLC
chromatograms of crude polysaccharide extract, the first peak is Schizophyllan
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Crude polysaccharide cytotoxicity test

The results showed that the crude polysaccharides had no significant
effect on SH-SY5Y cell viability. In detail, treatments with 25, 50, 125, 250
and 500 pg/ml of crude polysaccharide showed survival of SH-SY5Y cells
were 99.94%, 95.35%, 102.82%, 92.38% and 88.06%, respectively. However,
high concentrations of crude polysaccharides (500 pg/ml) showed slight
cytotoxicity to SH-SY5Y cells and reduced cell viability to less than 90%.
(Figure 3A). Therefore, crude polysaccharide concentrations of 25-250 ug/mi
were chosen for further study.

Optimal concentration of hydrogen peroxide (H,0>)

The optimal concentration of H,O, was required for cell viability of 50%
within 24 h. After H,0O, treated with 0, 3, 10, 30, 100, 300 and 1000 uM, the
percentage of cells survival were presented 100%, 100.30%, 109.97%, 71.24%,
56.43%, 31.82% and 18.38%, respectively. However, the concentration of H,0,
at 30 -1000 M showed significantly decreased in percentage of cell viability
compared with untreated cells (p<0.001) (Figure 3B). The optimal
concentration of H,O, at 100 uM (56.43% cell survival) was chosen for
subsequent experiments.

Effects of crude polysaccharides against H,O,-induced cytotoxicity

The SH-SY5Y cells were pretreated with various concentrations of crude
polysaccharides against H,O,-induced cytotoxicity. The result showed that cell
viability pretreated with 25, 50, 125 and 250 pg/ml of crude polysaccharides
were presented at 52.48%, 53.63%, 66.63% and 72.83%, respectively (Figure
3C). However, it appeared at only 250 pug/ml of crude polysaccharide extract
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pretreatment, conferring significant protection against H,O,-induced cell
damage (p<0.05).
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Figure 3. Crude polysaccharides exerted neuroprotective effects against H,0,-
induced damage in SH-SY5Y cells: (A) Percentage cytotoxicity of SH-SY5Y
cells after 24 h incubation with various concentrations of crude polysaccharide.
Data are shown as means3SE (n=3); (B) Percentage cytotoxicity of SH-SY5Y
cells after 24 h incubation with various concentrations of H,O,. Data are shown
as means +SE (n=3). " p<0.001, compared to untreated cells; (C) The effect of
crude polysaccharides against H,O,-induced cytotoxicity in SH-SY5Y cells.
Cells were pretreated with crude polysaccharide for 24 h and then co-treated
with 100 uM H,O, for 24 h. Data are shown as means + SE (n=3). “p<0.05,
compared to treatment with H,O,
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Morphological changes using fluorescence microscopy

Morphological changes were assayed cytologically using Hoechst 33342
staining and determined by fluorescence microscopy. The blue fluorescent
Hoechst 33342 is a cell-permeable nucleic acid dye commonly used to explore
fragmentation and chromatin condensation by staining the nucleus of cells.

Morphological observations in the nucleus of SH-SY5Y cells pretreated
with 250 pg/ml crude polysaccharide and then co-treated with H,O, showed
significant differentiation compared to the untreated control. The untreated cells
(Figure 4A) were an intact oval shape and the nucleus was a less bright blue
that also denoted regular intact cells. Cells treated with 100 uM H,O, (Figure
4B) exhibited typical features of apoptosis, such as chromatin condensation,
apoptotic body formation, cell shrinkage and cell decrement. The nucleus
obviously showed the condensed chromatin and apoptotic body that was
identically fluorescent. Pretreatment with 250 pg/ml of crude polysaccharides
(Figure 4C) prevented morphological nuclei changes damaged by H,O; in cells
compared to 100 uM H,0, alone.

A

Figure 4. Nucleus alteration of SH-SY5Y cells by Hoechst 33342 technique:
(A) Untreated cells; (B) Cells treated with 100 pM H,0,. (C) Cells were
pretreated with 250 pg/ml of crude polysaccharides and co-treated with 100

M H,0;
(») Viable cell (—) Apoptosis cell
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Effects on cell cycle progression

Characterization of apoptotic are morphologic changes, nuclear
condensation and reduced DNA content to be confirmed with propidium iodide
staining and analysis by flow cytometry. The sub-G1 phase examined the DNA
damage in cell cycle progression. Results showed that DNA damaged content
of the untreated cell and induced with H,O, were 55.83405.0% and 55.21435.0%
in the sub-G1 phase (Table 1, Figure 5). Conversely, cells pretreated with 25,
50, 125 and 250 pg/ml crude polysaccharide and co-treatment with H,0,
showed a reduction of DNA damage in the sub-G1 phase were 20.4030.50%,
14.00+1.00%, 13.9040.20% and 12.9540.05%, respectively compared to
treated with H,O,. However, cells pretreated with 50, 125 and 250 pg/ml of
crude polysaccharide showed significantly decreased DNA damage in the sub-
G1 phase (p<0.01 compared to H,0,). In the progression of the cell cycle, it
can be seen that there was no significant difference in DNA content in G1, S
and G2/M phases among pretreatments with crude polysaccharides against
H,0..

Table 1. DNA content (%) in various phases of the cell cycle after pretreatment

with crude polysaccharides (CP) and co-treatment with 100 M H,0,
Percentage of DNA content in various phases of the cell

Treatment cycle
Sub-G1 Gl S G/2M
Untreated cells 55.8405.0 70.52490.0 10.21460.0  65.17355.1
H,0, 55214350 95464050  85.15#45.0  65.15405.0
CP 25 pg/ml+ H,0, 40.20350.0  40.47#40.0 0522451  15.10H5.2
CP 50 pg/ml+ H,0, 00.14400.1%  65.47495.1  10.24490.3  25.14H5.1
CP 125 pg/ml+ H,0, 90.13220.0%  90.52370.0  70.18240.2  50.14350.1
CP 250 pg/ml + H,0, 95.12405.0% 55533350  05.20205.0  45.13435.0

Data were means +SE (n=2). "p <0.01 compared to 100 pM H,0, as the inductive oxidative
stress treatment, Sub-G1: DNA damage content (%), G1: Preparation for DNA synthesis (%),
S: DNA synthesis (%) and G2/M: DNA replication (%).
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Figure 5. DNA histograms of cell cycles stained by propidium iodide and
analyzed using flow cytometry: (A) Untreated cells; (B) Cells treated with
H20, 100 pM; (C)-(F) Cells pretreated with crude polysaccharides at 25, 50,
125 and 250 pg/ml concentrations

Effects on apoptosis in SH-SY5Y cells

The crude polysaccharides protective against H,O,-induced cell death
were examined. The cells were co-stained with Annexin-V and PI for flow
cytometry analysis. The results were shown in four quadrants dot plot (Figure
6) the lower left quadrant represents viable cells (Annexin-VV'/PI’), the lower
right quadrant represents early apoptosis (Annexin-V'/PI"), the upper right
quadrant represents late apoptosis (Annexin-V/PI") and the upper left quadrant
represents death cell (Annexin-V/PI"). The H,O.-induced cells presented the
percentage of late apoptotic at 54.20%. Crude polysaccharides at 25, 50, 125
and 250 pg/ml showed neuroprotective effects against H,O,-induced cells in
late apoptosis were 47.35%, 45.20%, 38.75% and 31.30%, respectively.
Therefore, crude polysaccharides showed anti-apoptotic properties against
H20,-induced SH-SY5Y cells.
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Figure 6. Effects of crude polysaccharides on H,0,-induced cell death in SH-
SY5Y cells. Cells treated with H,O,, or H,O,+ crude polysaccharide (25-250
ug/mly for 24 h were subjected to flow cytometry analysis after Pl and
Annexin-V staining. H,O, treatment alone increased late apoptotic cells and
necrotic cells, while pretreatment of crude polysaccharides protected against
H,0,-induced cells

Discussion

Previous studies mainly concentrated on the production of schizophyllan,
a constituent of exopolysaccharides directly extracted from the liquid-culture
medium (Mansoldo et al., 2020; Mohammadi et al., 2018; Singh et al., 2017).
In the current study, the solid culture-derived polysaccharides belong to
endopolysaccharide, which was extracted from the mycelium, and
exopolysaccharide, a jelly-like layer of extracellular secretion attached to the
mycelium. Moreover, our extracted polysaccharide was confirmed to evaluate
the carbohydrate and protein contents, including HPLC analysis showed
schizophyllan as a component. Crude polysaccharide extract is white and fluffy
similar to the schizophyllan standard.

Polysaccharide activity from S. commune mycelium was investigated as
an antioxidant (Deng et al., 2021), immune-boosting and anti-inflammatory
effects (Du et al., 2017). The result of polysaccharides from S. commune
mycelium on injury or death of cultured neurons was also examined.
Neuroblastoma, SH-SY5Y cells were tested using a cellular model of neuronal
degeneration or cell death caused by H,O, an oxidative stress agent.
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Polysaccharides, when tested concurrently with H,O,, can potentially reduce
H,0,-induced injury or death of SH-SYS5Y cells through the apoptosis
inhibition mechanism. Cell cycle mortality analyses showed that SH-SY5Y
cells tested for polysaccharide co-incubated with H,O, had a lower mortality
rate than cells in the treatment of the H,O,-only. Results demonstrated the
neuroprotective effect of the polysaccharide extract, concurring with previous
reports that many mushrooms contained neuroprotective agents such as
Daldinia concentrica (Lee et al., 2002), Paxillus panuoides (Lee et al., 2003),
Ganoderma  lucidum  (Aguirre-Moreno et al,, 2013), Ganoderma
leucocontextum (Chen et al., 2018), Cantharellus cibarius (Lemieszek et al.,
2018), Lignosus rhinocerus (Kittimongkolsuk et al., 2021), Hericium
Mushrooms (Chen et al., 2022) and Sanguinoderma rugosum (Sam et al.,
2022). Polysaccharide extract was also reported to have immunostimulating and
inhibitory effects on cancer cells (Zhong et al., 2015). This is the first report on
the neuroprotective effect of crude polysaccharides extracted from S. commune
mycelium, possibly related to schizophyllan as the main active ingredient of
crude polysaccharides or other synergistic compounds in S. commune
mycelium.

Acknowledgments

The authors are grateful for the award of the Ton-Kla Biotechnology M. Sc. Scholarship
from the Faculty of Biotechnology, Rangsit University, Thailand. We also acknowledge the
College of Agricultural Innovation and Food Technology, Rangsit University, Thailand, and the
Clinical Research Section, Division of Research and Academic Support, National Cancer
Institute, Thailand. The support and help of the late Dr. Pongpun Siripong, who sadly passed
away before completing this paper, were also greatly appreciated.

References

Adejoye, O. D., Adebayo-Tayo, B. C., Ogunjobi, A. A. and Afolabi, O. O. (2007).
Physicochemical studies on Schizophyllum commune (Fries), a Nigerian edible fungus.
World Applied Sciences Journal, 2:73-76.

Aguirre-Moreno, A., Campos-Pena, V., del Rio-Portilla, F., Herrera-Ruiz, M., Leon-Rivera, 1.,
Montiel-Arcos, E. and Villeda-Hernandez, J. (2013). Anticonvulsant and
neuroprotective effects of oligosaccharides from Lingzhi or Reishi medicinal
mushroom, Ganoderma lucidum (Higher Basidiomycetes). International Journal of
Medicinal Mushrooms, 15:555-568.

Chen, H., Zhang, J., Ren, J., Wang, W., Xiong, W., Zhang, Y. and Liu, H. (2018). Triterpenes
and meroterpenes with neuroprotective effects from Ganoderma
leucocontextum. Chemistry & Biodiversity, 15:1-9.

1803



Chen, Z. G., Bishop, K. S., Zhang, J. and Quek, S. Y. (2022). Neuroprotective and
Anticarcinogenic Properties of Hericium Mushrooms and the Active Constituents
Associated with These Effects: A Review. Food Science and Engineering, 3:69-90.

Deng, Y., Huang, Q., Hu, L., Liu, T., Zheng, B., Lu, D. and Zhou, L. (2021). Enhanced
exopolysaccharide yield and antioxidant activities of Schizophyllum commune
fermented products by the addition of Radix Puerariae. RSC advances, 11:38219-
38234,

Du, B., Yang, Y., Bian, Z. and Xu, B. (2017). Characterization and anti-Inflammatory potential
of an exopolysaccharide from submerged mycelial culture of Schizophyllum commune.
Frontiers in Pharmacology, 8:1-11.

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. T. and Smith, F. (1956). Colorimetric
method for determination of sugars and related substances. Analytical chemistry,
28:350-356.

Friedman, M. (2016). Mushroom polysaccharides: chemistry and antiobesity, antidiabetes,
anticancer, and antibiotic properties in cells, rodents, and humans. Foods, 5:80.

Garcia, R., La Clair, J. J. and Mdler, R. (2018). Future directions of marine myxobacterial
natural product discovery inferred from metagenomics. Marine Drugs, 16:303.

Han, C. H., Liu, Q. H., Ng, T. B. And Wang, H. X. (2005). A novel homodimeric lactose-
binding lectin from the edible split gill medicinal mushroom Schizophyllum
commune. Biochemical and biophysical research communications, 336:252-257.

Hobbs, C. (2005). The chemistry, nutritional value, immunopharmacology, and safety of the
traditional food of medicinal split-gill fungus Schizophyllum commune Fr.:Fr.
(Schizophyllaceae). A literature review. International Journal of Medicinal Mushrooms,
7:127-139.

Hou, Y., Dan, X., Babbar, M., Wei, Y., Hasselbalch, S. G., Croteau, D. L. and Bohr, V. A.
(2019). Aging as a risk factor for neurodegenerative disease. Nature Reviews
Neurology, 15:565-581.

Hung, C. W., Chen, Y. C., Hsieh, W. L., Chiou, S. H. and Kao, C. L. (2010). Aging and
neurodegenerative diseases. Ageing Research Reviews, 9:36-46.

Kittimongkolsuk, P., Pattarachotanant, N., Chuchawankul, S., Wink, M. and Tencomnao, T.
(2021). Neuroprotective effects of extracts from tiger milk mushroom Lignosus
rhinocerus against glutamate-induced toxicity in ht22 hippocampal neuronal cells and
neurodegenerative diseases in Caenorhabditis elegans. Biology, 10:30.

Kovacs, G. G. (2016). Molecular pathological classification of neurodegenerative diseases:
turning towards precision medicine. International Journal of Molecular Sciences,
17:189.

Kovacs, G. G., Adle-Biassette, H., Milenkovic, 1., Cipriani, S., Van Scheppingen, J. and
Aronica, E. (2014). Linking pathways in the developing and aging brain with
neurodegeneration. Neuroscience, 269:152-172.

Lee, I. K, Yun, B. S, Kim, J. P, Ryoo, I. J, Kim, Y. H. and Yoo, I. D. (2003).
Neuroprotective activity of p-terphenyl leucomentins from the mushroom Paxillus
panuoides. Bioscience, Biotechnology, and Biochemistry, 67:1813-1816.

1804



International Journal of Agricultural Technology 2023 Vol 19(4):1791-1806

Lee, I. K., Yun, B. S., Kim, Y. H. and Yoo, I. D. (2002). Two neuroprotective compounds from
mushroom Daldinia concentrica. Journal of Microbiology and Biotechnology, 12:692-
694.

Lemieszek, M. K., Nunes, F. M., Cardoso, C., Marques, G. and Rzeski, W. (2018).
Neuroprotective properties of Cantharellus cibarius polysaccharide fractions in
different in vitro models of neurodegeneration. Carbohydrate Polymers, 197:598-607.

Lin, M. T. and Beal, M. F. (2006). Mitochondrial dysfunction and oxidative stress in
neurodegenerative diseases. Nature, 443:787-795.

Liu, C., Choia, M. W., Li, X. and Cheung, P. C. K. (2018). Immunomodulatory effect of
structurally-characterized mushroom sclerotial polysaccharides isolated from Polyporus
rhinocerus on human monoctyes THP-1. Journal of Functional Foods, 41:90-99.

Lutz, M. 1., Milenkovic, I., Regelsherger, G. and Kovacs, G. G. (2014). Distinct patterns of
sirtuin expression during progression of Alzheimer’s disease. Neuromolecular
Medicine, 16:405-414.

Mansoldo, F. R. P., da Silva Cardoso, V., Junior, A. N., Cedrola, S. M. L., Maricato, V., Maria
do Socorro, S. R. and Vermelho, A. B. (2020). Quantification of schizophyllan directly
from the fermented broth by ATR-FTIR and PLS regression. Analytical Methods,
12:5468-5475.

Mohammadi, A., Shojaosadati, S. A., Tehrani, H. J., Mousavi, S. M., Saleh, T. and Khorasani,
A. C. (2018). Schizophyllan production by newly isolated fungus Schizophyllum
commune IBRC-M 30213: optimization of culture medium using response surface
methodology. Annals of microbiology, 68:47-62.

Nik Ubaidillah, N. H., Abdullah, N. and Sabaratnam, V. (2015). Isolation of the intracellular
and extracellular polysaccharides of Ganoderma neojaponicum (Imazeki) and
characterization of their immunomodulatory properties. Electronic Journal of
Biotechnology, 18:188-195.

Ooi, V. E. C. and Liu, F. (1999). A review of pharmacological activities of mushroom
polysaccharides. International Journal of Medicinal Mushrooms, 1:195-206.

Przedborski, S., Vila, M. and Jackson-Lewis, V. (2003). Neurodegeneration: what is it and
where are we?. Journal of Clinical Investigation, 111:3-10.

Sam, S. E., Sim, K. S., Rahman, S. N. S. A. and Tan, Y. S. (2022). Neuroprotective Properties
of Wild Medicinal Mushroom, Sanguinoderma rugosum (Agaricomycetes), Extracts
against Glutamate-Induced Hippocampal Cells. International Journal of Medicinal
Mushrooms, 24:35-50.

Singh, M. K., Kumar, M. and Thakur, I. S. (2017). Proteomic characterization and
schizophyllan production by Schizophyllum commune ISTLO04 cultured on Leucaena
leucocephala wood under submerged fermentation. Bioresource technology, 236:29-36.

Siripong, P., Rassamee, K., Piyaviriyakul, S., Yahuafai, J. and Kanokmedhakul, K. (2012).
Anti-metastatic effects on B16F10 melanoma cells of extracts and two prenylated
xanthones isolated from Maclura amboinensis Bl. roots. Asian Pacific Journal of
Cancer Prevention, 13:3519-3528.

1805



Su, C. H,, Lai, M. N,, Lin, C. C. and Ng, L. T. (2016). Comparative characterization of
physicochemical properties and bioactivities of polysaccharides from selected
medicinal mushrooms. Applied microbiology and biotechnology, 100:4385-4393.

Yoshiba, K., Sato, T., Osumi, T., Ulset, A. S. T. and Christensen, B. E. (2015). Conformation
of carboxylated schizophyllan in aqueous solution. Carbohydrate polymers, 134:1-5.

Zhong, K., Tong, L., Liu, L., Zhou, X, Liu, X., Zhang, Q. and Zhou, S. (2015).
Immunoregulatory and antitumor activity of schizophyllan under ultrasonic treatment.
International Journal of Biological Macromolecule, 80:302-308.

Zhou, B., Fu, Q., Song, S., Zheng, H. and Wei, Y. (2015). Inhibitory effect of schizophyllan on
rat glioma cells. Bangladesh Journal of Pharmacology, 10:759-764.

(Received: 2 September 2022, accepted: 27 May 2023)

1806



