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Abstract

This study aimed to investigate the total B S
polysaccharide content, antioxidant activity and v
cytotoxicity on the Cervical Epithelial Carcinoma e
(HeLa) cells of the ethanol and water reflux extracts . I
from Ganoderma lucidum mycelia. The phenol- "1 1 'I :
sulfuric acid method was used for the standard method o
of total polysaccharide analysis, the antioxidant was I I I I I I
evaluated by DPPH scavenging assay, ABTS assay, » ]
and FRAP assay. The MTT assay was used to determine the cytotoxmty of the extracts. The results
showed that the contents of total polysaccharide of the ethanol and water reflux extracts were 18.34 +
0.47 and 207.81 + 2.45 mg glucose g extract™, respectively. The assays of antioxidant capacity against
DPPH and ABTS demonstrated that the water reflux extract showed a strong radical scavenging effect
than the ethanol extract. For the reducing capability of both extracts with FRAP method, they showed
the reducing antioxidant activity and possessed concentration dependence by which the water reflux
extract had a higher FRAP antioxidant activity than the ethanol extract. The cytotoxic assay of the
extracts on normal mammalian cells (Vero cells) revealed that the ethanol extract of Ganoderma
lucidum mycelia had a cytotoxic effect on normal mammalian cells at 62.5 — 1,000 mg mL, whereas
the water reflux extract had no cytotoxicity to normal mammalian cells in all tested concentration. Then,
the water reflux extract was selected to determine the cytotoxicity against the HelLa cancer cell line.
The results indicated that the water reflux extract of Ganoderma lucidum mycelia exerted a significant
cytotoxic effect on HelLa cancer cell line in possessed concentration dependence. The water reflux
extract caused a 56.30% decrease in cervical epithelial carcinoma cell viability with concentration of 1
mg mL~L. Therefore, the results of this research demonstrated that the extract of Ganoderma lucidum
mycelia provide both antioxidant and anti-cancer activities, which could be used as ingredients
pharmaceutical products and functional foods.
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1. Introduction

Free radicals are the products of normal
natural cellular metabolism, mostly as reactive
oxygen species (ROS). Heart disease,
neurodegenerative, cancer, and aging can be
caused by an excess of ROS [1]. As a result,
cellular antioxidant systems are capable of
neutralizing free radicals when they are
produced. However, the natural antioxidant
system is unable to clear them when excessive
oxidative stress emerges. In this regard, the
discovery of novel natural products with
antioxidant molecules have become interesting
field of research due to their many benefits such
as anti-cancer and anti-inflammation [2].
Antioxidants are essential molecules that have
inhibit or quench a free radical-induced
oxidative stress. It has been observed that the
excessive production of ROS may result in
carcinogenesis [3].

Cancer is a major disease burden worldwide.
One of the most prevalent cancers found in Thai
women is cervical cancer. The Human
Papillomavirus (HPV) causes cervical cancer
by causing warts in the throat and genital
region. Anticancer drugs can cause a variety of
side effects in humans, including hair loss,
fatigue, and the amount of blood cells was
decreased. Natural therapies are an effective
tool for inhibiting cancer and reducing the
negative effects of anticancer medications
[4 — 5]. Several research have shown that
natural resources have anticancer activity [6, 7].

Nowadays, mushrooms are becoming more
popular due to their bioactivities in cancer
prevention, and tumor suppression [8, 9].
Ganoderma lucidum (Reishi mushroom) is a
medicinal mushroom with pharmacological and
nutraceutical properties. Terpenoids,
polysaccharides, phenolics, and fatty acids
belong to the bioactive substances are found in

this mushroom. These compounds have been
related to G. lucidum’s neuroprotective, anti-
diabetic, immunomodulatory,  antitumor,
antioxidant, hepatoprotective, anti-
hypertensive, anti-cancer, and antibacterial
properties [10 — 12]. Polysaccharides are the
major pharmacologically active compounds in
this mushroom [10].

Normally, this mushroom was grown with
solid-state fermentation. The fruiting body
takes six months to grow and varies in quality.
However, submerged fermentation can be
produced mushroom mycelia/biomass in a
short-time. Furthermore, submerged
fermentation enhances chemical extraction and
purification, as well as increased biomass
output by shortening growing time and
decreasing contamination [13]. As a result,
mycelia are a low-cost alternative and
consistent source to fruit bodies. Mushroom
products such as tablets and mushrooms
extracts are available on the market owing to the
potential health advantages to the human body.
Because of restrictions on the use of synthetic
antioxidants and anti-cancer, there is an
increasing need for natural antioxidants and
anti-cancer.

To our knowledge, there have been no
research on the anti-cancer activities of G.
lucidum mycelial extracts on cervical cancer
(HeLa) cells was conducted in Thailand.
Therefore, this study aimed to investigate both
antioxidant activity and cytotoxicity on cervical
cancer (HeLa) cells of the ethanol and water
reflux extracts obtained from G. lucidum
mycelia. We demonstrate that crude G. lucidum
mycelial extracts have the ability to scavenge
radicals and exerted a cytotoxic effect on HeLa
cancer cells in a concentration-dependent
manner.
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2. Materials and Methods
Samples and in vitro mycelium production

G. lucidum was procured from Program of
Microbiology, Faculty of Science, Ubon
Ratchathani Rajabhat University. G. lucidum
was grown on potato dextrose agar (PDA) for 7
days at 30 °C. Then, they were cultivated in
Erlenmeyer flasks with 100 mL of potato
dextrose broth (PDB) in each flask and
incubated at room temperature for 28 days.
Afterward, filtration was used to separate the
culture and mycelia, and the mycelia were then
dried in the oven.
Extraction

Ethanol extraction (Maceration); The
mycelia powder was macerated in 95% ethanol

G. Lucidum on PDA Broth culture in

PDB

Lyophilized Filtrated and Evaporated

-> Ethanol extract

Centrifuged, the precipitate was
lyophilized
- Water reflux extract

Precipitated by 95% ethanol

for 24 h (Three times). After extraction, the
extracted material was subsequently filtered
using Whatman filter paper (No.1). The filtrate
solution was evaporated at temperatures below
55 °C, obtaining a concentrated crude ethanol
extract of G. lucidum mycelial extract.

Water reflux extraction (Hot water-ethanol
precipitation); The water reflux extraction was
carried out using the material-to-water ratio
1:35. The sample was refluxed for 120 min at
95°C, and then filtered. The filtrate was
precipitated by 95% ethanol using the filtrate-
t0-95% ethanol ratio 1 : 4 for 24 h. After that,
the mixture was centrifuged at 5,000 x g for 15
minutes. The precipitate was lyophilized using
a freeze dryer to obtain crude water-soluble
polysaccharides (Fig. 1).

Separate the culture Dried biomass

and mycelia
Ethanol extraction
(Maceration)

Macerated in 95% ethanol,
24 h (Three times)

Water reflux extraction
(Hot water-ethanol precipitation)
el

Refluxed for 120 min at 95°C

The ethanol and water reflux extracts

Total polysaccharide Evaluation of the antioxidant activity; In Vitro Cytotoxicity;
analysis; - DPPH assav - MIT assay
The ph»eno/-sulfurlr - ABTS assav
acid method *
- FRAP assay

Fig. 1 In vitro mycelium production and extraction
3
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Total polysaccharide analysis

The phenol-sulfuric acid method was used to
evaluate the total polysaccharide content of G.
lucidum mycelial extracts using D-glucose as
the standard (glucose standard curve). Briefly,
150 pL of sulfuric acid was mixed with 50 pL
of extracts, followed by adding 30 pL of 5%
phenol. A reaction mixture was reacted for 5
minutes at 90 °C, and the absorbance at 470 nm
was determined using a microplate reader. (EZ
read 2000, Waterbeach Cambridge, United
Kingdom).

Evaluation of the antioxidant activity

DPPH assay
The DPPH assay was performed as described
in Xiang et al. [14]. Briefly, 180 pL of 0.1 mM

DPPH radical in methanol was added in to 96-
well plate with 20 puL of mycelia extract of
various concentrations and then incubated for
30 min at room temperature in the dark. The
absorbance was performed at 517 nm with
microplate reader (EZ read 2000, Waterbeach
Cambridge, United Kingdom). The DPPH
radical scavenging activity was calculated in a
percentage inhibition following equation
below:

The percentage of inhibition (%) = [(Absorbancecontrot — Absorbancesampie)/ Absorbancecontrol]x 100

ABTS Scavenging Activity
The ABTS scavenging activity of mycelial
extracts was modified from Kim et al. [15].

Briefly, 2.45 mM potassium persulfate and 7
mM ABTS were reacted at a ratio of 1 : 05 to
create the ABTS radical solution (ABTS™). The
mixture was then stored for 16 h at room
temperature in the dark. Then, the absorbance at
734 nm was then adjusted to 0.7 £ 0.02 by
diluting the ABTS radical solution with 95%
ethanol. The ABTS assay was performed by

mixing 180 uL of ABTS radical solution with
20 uL of various concentrations of the extracts
in 96-well plate. The mixture was incubated in
the dark for 6 minutes, and then the absorbance
of the mixture was measured at 743 nm by using
microplate reader (EZ read 2000, Waterbeach
Cambridge, United Kingdom) using ethanol as
acontrol. The ABTS radical scavenging activity
was calculated in a percentage inhibition
following equation below:

The percentage of inhibition (%) = [(Absorbancecontrol — Absorbancesample)/ Absorbancecontrol]x 100

FRAP assay

The method of Benzie and Strain [16] was
modified to determine the FRAP assay. A
solution of 10 mM TPTZ in 40 mM HCI, 20
mM ferric chloride, and 0.2 M acetate buffer
(pH 3.6) was mixed to produce the FRAP
reagent at a ratio of 10 :1 :1 (v/v/v). A 25 pL of
the extracts was mixed with 175 pL of FRAP
reagent. Then, the reaction was incubated for 6

minutes at room temperature. After incubation,
the absorbance was measured at 593 nm. The
reducing power of the samples was calculated
according to the standard curves of FeSO4
(31.25 — 500 mg L1). The FRAP value was
expressed as mg of Fe?* equivalent per g of
extract mg eq. g.
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In Vitro Cytotoxicity

Vero and Hela cells (1x10° cells well™) were
seeded in 96-well plates and incubated for 24 h
at 37 °C with 5% CO2 in a humidified incubator.
Then, cells were treated with crude extracts with
various concentrations (62.5 — 1000 pg mL1) in
complete medium. In addition, as a negative
control, cells were treated with complete media.
After 24 h’ treatment, The MTT assay was used
to determine the toxicity [17].

3. Results and Discussion

Total Polysaccharide Content

The main bioactive compounds extracted
from G. lucidum include terpenoids and
polysaccharides. Polysaccharides has an
important  antioxidant ~and  anti-cancer
properties [18]. The phenol-sulfuric acid
method is method to determine total
carbohydrates in a sample. This method detects
virtually all classes of carbohydrates (mono-,
di-, oligo-, and polysaccharides). The total
polysaccharide content of G. lucidum mycelial
extracts is presented in Table 1. The results

demonstrated the total polysaccharide content
in water reflux extract was higher than in
ethanol extract. G. lucidum extractable
metabolite production may vary due to
differences in growth medium, solvents and
extraction method [10, 13]. The traditional
polysaccharide extraction method is water-
boiling method, the polar macromolecular
compound polysaccharide is dissolved in a
polar solvent. For water reflux extraction, after
reflux the collected filtrate was precipitated
with 95% ethanol, leaving behind impurities
and other components that remain soluble in the
ethanol-water mixture. The precipitate is crude
water-soluble  polysaccharides. While the
ethanol extraction was using maceration
method. Ethanol is a good solvent for a wider
range of compounds, it can extract not only the
desired polysaccharides but also other chemical
compounds mainly fatty acids, alkaloids,
saccharides, steroids, amino acids, terpenes, and
phenols [19]. Generally, polysaccharides with
higher molecular weights are less soluble in
ethanol.

Table 1 The percentage yield and total polysaccharide content of G. lucidum mycelial extracts

% Yield of extract
Sample

Appearance  Total of Polysaccharide Content

(mg glucose g extract™)

Ethanol extract 30.03

Water reflux extract 6.56

Dark brown

Dark gray

18.34 £ 0.47

207.81 £2.45

Antioxidant Activity

Three parameters were assessed in order to
examine the in vitro antioxidant activity of G.
lucidum mycelial extracts: DPPH and ABTS
free radical scavenging abilities, and ferric-
reducing antioxidant ability. The inhibition of
radical chain reactions is one of the suggested
antioxidant mechanisms of polysaccharides.

[20]. The principle of both the DPPH and ABTS
assays is the reduction of a radical by a
hydrogen donor (DPPH) or by an electron donor
(ABTS), which results in radical scavenging.

DPPH assay

The DPPH assay is one of the most often
used techniques for assessing the antioxidant
activity of extracts or compounds. Fig. 2 shows
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the free radical scavenging activity of G.
lucidum mycelial extracts as percentage. In the
presence of 5 mg mL, water reflux extract
(58.14%) showed the highest radical
scavenging effect than ethanol extract
(18.95%). The results showed that the
scavenging activity of extracts increased with
increasing the concentration of extracts. This
suggests that the mycelial extract has a dose-
dependent DPPH scavenging efficacy. The
water reflux extract of G. lucidum mycelia
contained crude water-soluble polysaccharides.
They may consist of branched homoglucan
(1-3)-B-D-glucan, it is able to exert
antioxidant effects [10]. In fact, absolute
ethanol and aqueous ethanol have been
successfully used to extract phenolic derivative
antioxidant compounds [21], including from
mushrooms [22]. However, G. lucidum

represents poor source of phenolic compounds
[23]. Similarly, Kalyoncu et al. [24]
demonstrated that at 1 mg mL! concentration,
the water mycelial extracts of G. lucidum
showed the strongest radical scavenging effect
(21.51%) followed by ethanol extracts
(10.75%) and chloroform extracts (6.83%). In
another research, Saltarelli et al. [25] did not
find scavenger activity in G. lucidum
polysaccharide extracted from mycelia.

O Ethanol extract m Water reflux extract
80

70

30
- I
) . I m H
. [
0312 0.625 125 2.5 5

Concentration (mg mL')

% DPPH Inhibition
S

Fig. 2 DPPHe scavenging capacity of G.
lucidum mycelial extracts at different
concentrations.

ABTS assay

The ABTS assays of G. lucidum mycelial
extracts are presented in Fig. 3. Similar to
DPPH assay, water reflux extract of G. lucidum
mycelia exhibited the higher radical scavenging
activity  (76.92%) than ethanol extract
(19.97%). Kalyoncu et al. [18] found that the
water mycelial extracts of G. lucidum scavenged
70.71% of ABTS® radicals at a 1 mg mL*

concentration and, an ethanol extract has a
22.28% of the scavenging effects. The results
we obtained are consistent with those reported
by Shi et al. [26]. The authors observed that the
G. lucidum myecelial polysaccharide exhibited
approximately 40% ABTS scavenging activity
at a concentration of 1 mg mL-t. Additionally,
they reported that the activity was
concentration-dependent. The active hydroxyl
groups of the monosaccharides included in the
polysaccharide may be related to the differences
in ABTS radical scavenging abilities [27].

OEthanol extract ™ Water reflux extract

80
s 70

60

10
e 30
F3

20 e

10 I

0

0.312 23
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n

ABTS Inhibiti

Concentration(mg mL")

Fig. 3 ABTS Free Radical Scavenging
Activity of G. lucidum mycelial extracts
at different concentrations.

FRAP assay

The reducing power of a polysaccharide
refers to its ability to donate electrons to
oxidizing agents. This property is often
associated with antioxidant activity, as
antioxidants also scavenge free radicals by
donating electrons. FRAP assay measure the
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reducing power of a compound reacting with
Fe3*-TPTZ complex (colorless) to blue colored
Fe?*-TPTZ in acidic condition, which has
absorbance at 593 nm. The results are expressed
as milligram equivalents of Fe* (FRAP value)

[28]. The antioxidant activities of mycelial
extracts from G. lucidum are shown in Fig. 4.
The results indicated that they showed the
reducing antioxidant activity and possessed
concentration dependence with different of
FRAP value. Similar results to DPPH and
ABTS assay, the water reflux extract had a
higher FRAP value (Fig.4B) than the ethanol
extract (Fig.4A). Puttaraju et al. [29], and
Chirinang and Intarapichet [30] reported that
the FRAP values of Pleurotus sajor-caju and P.
ostreatus water extracts were higher than those
of their ethanol extracts.
(A)

16

14

10

1
le 0 ]

10 20 10

FRAPvalue (mg Fe** g)

Concentration (mg mL")

360
iz
280
240
200
160
120
: I I
10 l
0
0312 0.625 128 28 5
«

oncentration (mg mlL ')

B)

FRAPvalue (mg Fe'*g')

Fig. 4 FRAP activity of G. lucidum mycelial
extracts (A) Ethanol extract and (B)
Water reflux extract at different
concentrations.

The antioxidant capacity of polysaccharide
complexes and polysaccharides obtained from
G. lucidum has been established by a number of
in vitro antioxidant studies [31]. Polysaccharides
extracted from G. lucidum exert antioxidant
activity and protect tissues against the toxicity of
reactive oxygen species. Additionally, they
maintain the body's oxidative state [32].

Cytotoxicity of Extracts on Vero cells

The ethanol extract and water reflux extract
were determined the cytotoxicity on normal
mammalian  cells (Vero cells) using
colorimetric  MTT assay. The results
demonstrated that the ethanol extract of G.
lucidum mycelia had cytotoxic effect on Vero
cells line at 62.5 — 1,000 mg mL™ (Fig.5).
Whereas the water reflux extract of G. lucidum
mycelia have no cytotoxicity to normal
mammalian cells in all tested concentration.
Ethanol is a good solvent for a wider range of
compounds compared to water, it can extract
not only the desired polysaccharides but also
other potentially harmful compounds present in
the source material, such as alkaloids, terpenes,
and phenolic compounds [19]. Some of these
extracted compounds may have cytotoxic. But
water is a more selective solvent and primarily
extracts  water-soluble  components  like
polysaccharides, which generally have less
toxic potential.

D Ethanol extract @ Water re

eflux extract

120
110
100

%0
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70
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0 ==}

ed 625 125 250 500 1,000
C

Untreatec
“oncentration (ug mL ")

B

% Cell viability

Fig. 5 Cytotoxicity of G. lucidum mycelial
extracts at different concentrations on
Vero cell
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Cytotoxicity against Cancer Cell Lines

The water reflux extract was selected to
determine the cytotoxicity against HelLa cell
line. The cytotoxicity of the water reflux extract
of G. lucidum mycelia was evaluated, using
colorimetric  MTT assay. The results
demonstrated in Fig.6 in terms of % Cell
viability with their concentrations. The water
reflux extract of G. lucidum mycelia had a
strong cytotoxicity and dose-dependent
inhibition on HeLa cancer cell line. In particular,
the water reflux extract did not cause cytotoxicity in
normal cells up to 1,000 pg mL™? indicating a
specific anticancer activity (Fig. 5). The
cytotoxic effect of the water reflux extract of G.
lucidum mycelia is related with antioxidant
activity and the content of polysaccharides
(total sugar content). There are three possible
mechanisms that polysaccharides can exert their
anti-cancer effects: (i) indirect activity through
improving the immune system’s ability to
recognize and destroy cancer cells; (ii) direct
activity through inhibit cancer cell growth and
proliferation, induce apoptosis (programmed
cell death) in cancer cells; and (iii) acting as a
chemotherapy adjuvant [33].

Numerous research groups are investigating
into G. lucidum, a herb that is widely used as
medicine in many oriental countries [34].
Armassa et al. [35] examined the cytotoxic
effect in MCF-7 human breast cancer cell line
of Lentinus polychrous Lev. and G. lucidum (Fr.)

Karst. They found that the mycelial extract of G.

lucidum exhibited the higher cytotoxicity on
MCEF-7 than the extract from L. polychrous Lev.

mycelia. Two G. lucidum extracts from China
and Serbia have been investigated for their
cytotoxic effects on the MCF-7 cell line and
HCT15 colon cancer by Stojkovi‘c et al. [36].
The Chinese extract had a cytotoxic effect
against MCF-7 cells. In another research,

Veljovi¢ et al. [23] found that an ethanolic
extract showed antiproliferative activity on
colon LS174 (colon cancer cell line), HeLa and

A549 (lung cancer cell line).

100 1+

90

110
250 1.000

tration (pug mL!

Untreated

. 8
4 70
L
=
o 50
=
o
10
30
20
10
0
62.5 125
Concen

Fig. 6 Cytotoxicity of Ganoderma lucidum
mycelial  extracts at  different
concentrations on HeLa cell line

4. Conclusion
The results of this study demonstrated that
the extracts obtained from G. lucidum mycelia

has efficient antioxidants activity, and the water
reflux extract had a strong cytotoxicity on HelLa
cancer cell line. Importantly, it did not show
cytotoxicity toward normal cells indicating a
specific anticancer activity. Based on the results
obtained, it was concluded that the water reflux
extracts from G. lucidum mycelia may provide
a potential application use as an additive
ingredient in pharmaceutical and nutraceutical
products.

5. Acknowledgement
This study was supported by grant from
Ubon Ratchatani Rajabhat University.

6. References

[1] 1.G. Munteanu, C. Apetrei, Analytical
Methods Used in Determining Antioxidant
Activity: A Review, Int. J. Mol. Sci. 22
(2021) 3380.



[2]

3]

[4]

[5]

[6]

[7]

[8]

W. Sanmanoch et al. / CREATIVE SCIENCE 16(1) (2024) 254094

B.V. Nemzer, A.Y. Yashin, A.N. Vedenin,
Y.l. Yashin, D.V. Yashunsky, N.E.
Nifantiev, D. Kalita, Selected Powerful
Natural Antioxidants: Structure, Food
Sources, Antioxidant  Activities, and
Important Health Benefits, J. Food Res.
8(1) (2019) 60 — 79.

A.L. Gallo, F. Soler, C. Pellizas, M.L.
Vélez, Polysaccharide extracts from
mycelia of Ganoderma australe: effect on
dendritic cell immunomodulation and
antioxidant activity, J. Food Meas. Charact.
16 (2022) 3251 — 3262.

W.H. Talib, A.R. Alsayed, M. Barakat,
M.l. Abu-Taha, A.l. Mahmod, Targeting
Drug Chemo-Resistance in Cancer Using
Natural Products, Biomedicines. 9(10)
(2021) 1353.

M. Huang, J.J Lu, J. Ding, Natural Products
in Cancer Therapy: Past, Present and Future,
Nat. prod. bioprospect. 11 (2021) 5 - 13.

X.  Lobpez-Legarda, C.  Arboleda-
Echavarria, R. Parra-Saldivar, M. Rostro-
Alanis, J.F. Alzate, J.A. Villa-Pulgarin, F.
Segura-Sanchez, Biotechnological
production, characterization and in vitro
antitumor activity of polysaccharides from
a native strain of Lentinus crinitus, Int. J.
Biol. Macromol. 164 (2020) 3133 — 3144.
X. Lépez-Legarda, M. Rostro-Alanis, R.
Parra-Saldivar, J.A. Villa-Pulgarin, F.
Segura-Sanchez, Submerged cultivation,
characterization and in vitro antitumor
activity  of  polysaccharides  from
Schizophyllum radiatum, Int. J. Biol.
Macromol. 186 (2021) 919 — 932.

J. Garcia, F. Rodrigues, M.J. Saavedra,
F.M. Nunes, G. Marques, Bioactive
polysaccharides from medicinal
mushrooms: A review on their isolation,
structural characteristics and antitumor
activity, Food Biosci. 49 (2022) 101955.

[9] L. Xie, M. Shen, Y. Hong, H. Ye, L.
Huang, J. Xie, Chemical modifications of
polysaccharides and their anti-tumor
activities, Carbohydr. Polym. 229 (2020)
115436.

[10]Z.A. Bhat, A.H. Wani, J.M. War, M.Y.
Bhat, Major bioactive properties of
Ganoderma polysaccharides: a review,
Asian J. Pharm. Clin. Res. 14(3) (2021)
11 - 24,

[11]J. Kolniak-Ostek, J. Oszmianski, A. Szyjka,
H. Moreira, E. Barg, Anticancer and
Antioxidant Activities in Ganoderma
lucidum Wild Mushrooms in Poland, as
Well as Their Phenolic and Triterpenoid
Compounds, Int. J. Mol. Sci. 23 (2022)
9359.

[12]D.C. Andrejé, Z. Knez, M.K. Marevcil,
Antioxidant,  antibacterial,  antitumor,
antifungal, antiviral, anti-inflammatory,
and nevro-protective  activity  of
Ganoderma lucidum: An overview, Front.
Pharmacol. 13 (2022) 934982.

[13]M. Ozdal, O. Giilmez, O.G. Ozdal, O.F.
Algur, Antibacterial and antioxidant
activity of mycelial extracts of different
pleurotus species, Food and Health. 5(1)
(2019) 12 - 18.

[14]Y. Xiang, W. Haixia, M. Lijuan, T. Yanduo,
Isolation, purification and identification of
antioxidants  from  Lepidium latifolium
extracts, Med. Chem. Res. 27 (2018) 37 —45.

[15]E.K. Kim, S.J. Lee, B.O. Lim, Y.J. Jeon,
M.D. Song, T.K. Park, K.H. Lee, B.K. Kim,
S.R. Lee, S.H. Moon, B.T. Jeon, P.J. Park,
Antioxidative and Neuroprotective Effects of
Enzymatic Extracts from Leaves of Perilla
frutescens var, japonica, Food Sci.
Biotechnol. 17 (2008) 279 — 286.

[16]1.F.F. Benzie, J.J. Strain, The ferric
reducing ability of plasma (FRAP) as a
measure of ‘‘antioxidant power’’: The



W. Sanmanoch et al. / CREATIVE SCIENCE 16(1) (2024) 254094

FRAP assay, Anal. Biochem. 239 (1996)
70-76.

[17]S.T. Guetchueng, L. Nahar, K. James
Ritchie, F.M. Daud Ismail, N. Dempster, A.
Robert Evans, S. Dey Sarker, Four new
neo-clerodane diterpenes from the stem
bark of Croton oligandrus, Nat. Prod. Res.
35 (2021) 298 —-304.

[18]Y. Liu, G. Huang, Extraction and
derivatisation of active polysaccharides, J.
Enzyme Inhib. Med. Chem. 34(1) (2019)
1690 - 1696.

[19]B.L. Chelela, M.Chacha, A. Matemu,
Chemical Composition of Ethanolic
Extracts of Some Wild Mushrooms from
Tanzania and Their Medicinal Potentials,
Int. J. Med. Mushrooms. 18(5) (2016)
457 —64.

[20]J. Lu, R. He, P. Sun, F. Zhang, R.J.
Linhardt, A Zhang, Molecular
mechanisms of bioactive polysaccharides
from Ganoderma lucidum (Lingzhi), a
review, Int. J. Biol. Macromol. 150 (2020)
765-774.

[21]B. Sultana, F. Anwar, M. Ashraf, Effect of
Extraction Solvent/Technique on the
Antioxidant Activity of Selected Medicinal
Plant Extracts, Molecules. 14 (2009)
2167-2180.

[22]S. Boonsong, W. Klaypradit, P. Wilaipun,
Antioxidant activities of extracts from five
edible  mushrooms using different
extractants, Agric. Nat. Resour. 50 (2016)
89-97.

[23]S. Veljovi¢, M. Veljovié, N. Nikicevic, S.
Despotovi¢, S. Radulovi¢, M. Niksi¢, L.
Filipovi¢, Chemical composition,
antiproliferative and antioxidant activity of
differently processed Ganoderma lucidum
ethanol extracts, J. Food Sci. Technol. 54(5)

(2017) 1312 —1320.

10

[24]F. Kalyoncu, M. Oskay, H. Kayalar,
Antioxidant activity of the mycelium of 21
wild mushroom species, Mycology. 1(3)
(2010) 195-199.

[25]R. Saltarelli, P. Ceccaroli, M. lotti, A.
Zambonelli, M. Buffalini, L. Casadei, L.
Vallorani, V. Stocchi, Biochemical
characterisation and antioxidant activity of
mycelium of Ganoderma lucidum from
Central Italy, Food Chem. 116(1) (2009)
143-151.

[26]M. Shi, Z. Zhang, Y. Yang, Antioxidant
and immunoregulatory  activity  of
Ganoderma  lucidum  polysaccharide
(GLP), Carbohydr. Polym. 95(1) (2013)
200-206.

[27]M. Hamed, H. Bougatef, W. Karoud, F.
Krichen, A. Haddar, A. Bougatef, A. Sila,
Polysaccharides extracted from pistachio
external hull: Characterization, antioxidant
activity and potential application on meat

as preservative, Ind. Crop. Prod. 148
(2020) 112315.
[28]M. Antolovich, P.D. Prenzler, E.

Patsalides, S. McDonald, K. Robards,
Methods for testing antioxidant activity,
Analyst. 127 (2002) 183 -198.

[29]N.G. Puttaraju, S.U. Venkateshaiah, S.M.
Dharmesh, S.M. Urs, R. Somasundaram,
Antioxidant activity of indigeneous edible
mushrooms, J. Agric. Food Chem. 54(26)
(2006) 229 - 235.

[30]P. Chirinang, K. Intarapichet, Amino acids
and antioxidant properties of the oyster
mushrooms, Pleurotus ostreatus and
Pleurotus sajor-caju, Sci. Asia. 35(4)
(2009) 326 —331.

[31] V.M. Bukhman, E.M. Treshchalina, L.M.
Krasnopol’skaia, E.B. Isakova, L.A.
Sedakova, A.V. Avtonomova, M.l
Leont'eva, N. lu Soboleva, 1.V. Belitskii,

A.V. Bakanov, Preparation and biological



W. Sanmanoch et al. / CREATIVE SCIENCE 16(1) (2024) 254094

properties of basidiomycete aqueous
extracts and their mycelial compositions,
Antibiot. Khimioter. 52 (2007) 4 - 9.

[32] Y.U. Jeong, Y.J. Park, Ergosterol peroxide
from the medicinal mushroom Ganoderma
lucidum inhibits differentiation and lipid
accumulation of 3T3-L1 adipocytes, Int. J.
Mol. Sci. 21 (2020). 460.

[33]Y. Mingyi, T. Belwal, H.P. Devkota, L. Li,
Z. Luo, Trends of utilizing mushroom
polysaccharides  (MPs) as  potent
nutraceutical components in food and
medicine: A comprehensive review, Trends
Food Sci. Technol. 92 (2019) 94-110.

[34]1. Okic-Djordjevic, D.Trivanovic, J.Krstic,
AJaukovic, S.Mojsilovic, J.F. Santibanez,
M. Terzic, D. Vesovic, D. Bugarski,
GE132+Natural: Novel promising dietetic
supplement with antiproliferative influence
on prostate, colon, and breast cancer cells,
J.BUON. 18 (2013) 504 —-510.

[35]N. Armassa, O. Poungchompu, S. Rayan, S.
Leethong, N. Weerapreeyakul, S. Machana,
Antioxidant Activity and Cytotoxicity in
Breast Cancer Cells Line of Mushrooms
Extracts;  Lentinus  polychrous  Lev.

Compared to Ganoderma lucidum (Fr,) Karst,

IJPS. 5(3) (2009) 243 —250.

[36]D.S. Stojkovic, L. Barros, R.C. Calhelha,
J. Glamo¢lija, A. Ciri¢, L.J. Van Griensven,
M Sokovi¢, I.C Ferreira, A detailed
comparative study between chemical and
bioactive properties of Ganoderma
lucidum from different origins, Int. J. Food

Sci. Nutr. 65 (2014) 42 —-47.

11



