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Abstract

Ganoderma lucidum has a high concentration of flavonoid compounds. The extraction procedure was optimized using a
response surface methodology to achieve a high concentration of flavonoids from G. lucidum using ethanol as the extracting
solvent, and the antioxidant activities were investigated. The highest flavonoids content was 0.56 +0.03 mg/g when the solid-
liquid ratio, extraction temperature, extraction time and ethanol concentration were 1:25 mg/L, 75 °C and 1.5 h and 65%,
respectively. The most influential factor was shown to be the solid-liquid ratio. FT-IR and 'H NMR analysis of the purified
ethanol extracts (PEE) revealed that it was primarily a 5, 7-Dihydroxyflavone. PEE exhibited significant DPPH® and hydroxyl
radical scavenging activity, as well as stronger reducing capacity. Notably, in the presence of PEE, cell viability increased by
13.76% when compared to H,0, treatment (p < 0.05), reaching 72.5%. In addition, when treated with the PEE, the activities
of superoxide dismutase (SOD), catalase (CAT) and glutathione (GSH-Px) had significantly increased when compared to
the H,0,-treated group (p <0.01), which were 36.93, 15.01 and 15.11 U/g-protein. More importantly, PEE treatment could
upregulate the expression of PI3K, Akt and downregulate the expression of Caspase-3 in PC, cells stimulated with H,O,.

As aresult, PEE could be used as a novel source of natural antioxidants.
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Introduction

Ganoderma lucidum, a traditional edible mushroom, has
been widely utilized as a health food and valuable drug
[1]. G. lucidum extracts are rich in biologically active com-
ponents such as triterpenoids, polysaccharides, phenolics
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and flavonoids content, all of which are easily absorbed by
humans [2, 3]. Thus, it has been used for a long history to
treat several types of diseases, e.g. antioxidant, antiviral,
hepatoprotective activities and other medicinal properties.
Polyphenolics are one of the major contributors to the
antioxidant properties of G. lucidum [4, 5]. Flavonoids
are naturally occurring phenolic compounds, and G.
lucidum flavonoids such as catechin and myricetin have
important pharmacological effects. Currently, research is
being conducted to determine whether enrichment of fla-
vonoids during G. lucidum growth and extraction improves
the antioxidant properties of G. lucidum. According to
research, increasing total flavonoids during cultivation
with the G. lucidum mycelium can increase the antioxidant
and anti-inflammatory activity and cytotoxicity of can-
cer cells [6]. In addition, G. lucidum were extracted with
chloroform, methanol and water by maceration method,
it was found that total flavonoids content in chloroform
extracts of G. lucidum can reach 38.00 +0.75 mg quercetin
equivalents/g, and it has stronger antioxidant activities [7].
Similarly, after solvent fractionation with ethyl acetate in
ethanol extracts of G. lucidum mycelium, its fraction has
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the highest total flavonoids content and antioxidant activi-
ties [8, 9]. However, G. [ucidum in the different regions
and using different extraction solvents have significantly
affected the biologically active ingredients and content
[10, 11]. At present, the most commonly used solvents for
extraction include ethanol, methanol and hot water, etc.
Use of methanol, the extraction rate is higher as compared
to that with ethanol [12], but the toxicity of methanol is
stronger and its pollution to the environment is more seri-
ous. In hot water extracts system, G. lucidum extracts are
mainly crud polysaccharides. Using as ethanol solvent,
it is beneficial to increase the solubility and flavonoids
content [13—-15]. Furthermore, the concentration of etha-
nol has also dramatically influenced on flavonoids content
[16]. Hence, it is of great importance to increase the levels
of flavonoids and their antioxidant activities by improving
the ethanol extraction process.

Recent study has shown that flavonoids have a wide spec-
trum of biological effects under normal and pathological
situations [17]. Most flavonoids appear to have biological
activity primarily due to their capacity to enter cells and
inhibit enzymes of signaling pathways and transcription fac-
tors, including those involved in the activation, proliferation,
and fulfillment of effector functions of immune system cells
[18]. Flavonoids have been implicated in the regulation of
critical signaling pathways, such as nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-xB) pathway,
mitogen-activated protein kinase (MAPK) pathway, Janus
kinase and signal transducer and activator of transcription
proteins (JAK/STAT) pathway, Toll-like receptors (TLR)
pathway, nuclear factor erythroid 2-related factor 2 (Nrf2)
pathway and cAMP response element-binding protein
(CREB) pathway [19]. Mitochondria are multifunctional
organelles that participate in almost all cellular processes.
Mitochondria are involved in reactive oxygen species (ROS)
signaling because they are a major source of cellular ROS
[20]. Mitochondria contain important components of cel-
lular ROS scavenging systems. These include superoxide
dismutase (SOD2), glutathione peroxidases (GPX 1 and
GPX4), peroxiredoxins (PRX3, PRXS), thioredoxin 2, and
thioredoxin reductase 2 (TRR2) [21]. Mitochondria are also
involved in a number of pathways that lead to cell death.
However, it is unknown whether G. lucidum flavonoids exert
its antioxidant activities through activating the ROS scav-
enging systems in mitochondria.

In this study, response surface methodology (RSM) was
used to optimize the extraction procedures of extraction
time, ethanol concentration, extraction temperature, and
solid-liquid ratio of G. lucidum flavonoids. We also analyzed
the ingredients of the purified ethanol extracts (PEE) by
FT-IR spectroscopy and 'H NMR spectroscopy, and inves-
tigate its antioxidant activity. Finally, we used H,O,-induced
oxidative stress in PC, cells as an in vitro model to further
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evaluate the effects of PEE on the prevention mechanism of
antioxidants.

Materials and methods
Materials and chemicals

Ganoderma lucidum was obtained from the National Engi-
neering Research Center of JUNCAO Technology, Fuzhou,
Fujian, China. Rutin, 2,2-diphenyl- 1-picrylhydrazyl radical
(DPPH), Iron (III) chloride hexahydrate (FeCl;-6H,0), fer-
rous sulfate (FeSO,), potassium ferricyanide [K;Fe(CN);],
trichloroacetic acid (TCA), 3-[4,5-dimethylthiazol-
2-yl] —2,5-diphenyltetrazoliumbromide (MTT) and H,O,
were purchased from Sigma (Sigma-Aldrich GmbH, Stern-
heim, Germany). The kits for Glutathione (GSH-Px), super-
oxide dismutase (SOD) and catalase (CAT) were all obtained
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China). Anti-Caspase-3 was from Abcam (Cambridge, MA,
USA). Anti-PI3K and anti-Akt, were purchased from Cell
Signaling Technology, Inc. (Beverly, MA, USA). The other
reagents used were of analytical grade.

Designing experiments to improve the extraction
procedure

Ganoderma lucidum was dried by hot air in an oven at
60 °C. Prior to further experimentation, dried materials
were powdered and filtered through a sieve of 30 meshes
to obtain a homogeneous powder. The extraction process
was optimized using Design-Expert 8.0.6.1 software, and
the effect of each factor on flavonoids content was evalu-
ated. Before the response surface method was established,
the central level of the main effect factors was screened by
single factor experiments, including ethanol concentration,
solid-liquid ratio, extraction time and extraction tempera-
ture. The rutin equivalent method was used to determine
the flavonoids content [22]. After the extraction, the sample
was centrifuged at 4,500 g for 20 min. The liquid superna-
tant was concentrated using a rotating evaporator and then
freeze-dried to obtain ethanol extracts.

Purification of ethanol extracts

The ethanol extracts were dried once the best extraction
conditions were determined, followed by separation and
purification with polyamide resin. The polyamide resin was
initially immersed in a 90-95% ethanol solution while being
repeatedly stirred to force the bubbles out. The resin was
then packed into the glass column and washed down with a
90-95% ethanol solution until the eluent was clear and there
was little residue left after the eluent was dried. The resin
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was then washed with 2-2.5 bed volumes of 5% sodium
hydroxide, 1 bed volume of distilled water, and 2-2.5 bed
volumes of 10% acetic acid solution in that order. Finally, it
was rinsed with distilled water until the pH of the eluent was
neutral. The resin was then cured and stored for future use.

Purified ethanol extracts (PEE) were collected in a glass
column (11 mm X 400 mm) wet-packed with 5.0 g (dry
weight basis) pretreated polyamide resin using the previ-
ously described method with minor modifications [23].
The bed volume (BV) and length were 30 mL and 30 cm,
respectively. In all cases, the flow of samples was downward
and was monitored using a HD-3 UV-detector (Shanghai
Huxi Analyses Instrument Company, Shanghai, China).
The flavonoids concentration in the eluate was determined
using the colorimetric method after sample solutions flowed
through the glass column at 2 mL/min. Following adsorption
equilibrium, the adsorbate-laden column was washed with
deionized water and then ethanol solution at a flow rate of
1.5 mL/min. The colorimetric method was used to measure
the flavonoids content of the eluate. The flavonoids concen-
tration and the volume of the eluate were used to calculate
the loading curve. The flavonoid components were also col-
lected using repeated chromatography. The rotary evaporator
concentrated the eluate, and the vacuum oven dried it. The
residue was the purified product, and the flavonoids content
was determined by weighing it.

Identification of PEE

A Fourier-transform infrared (FT-IR) spectrophotometer
system (Nicolet Instruments Corp, Madison, WI, U.S.A.)
within the range between 4,000 and 400 cm™! was used to
examine dried PEE. The sample (10 mg) was mixed with
KBr powder (100 mg) [24]. Deuterium was suspended in
CD30D samples and freeze-dried three times to replace
exchangeable protons. NMR spectra of PEE were obtained
by an AVANCE-600 NMR spectrometer (Brucker, Rhein-
stetten, Germany). The relaxation delays time, the ionization
potential and the temperature of the NMR ion source experi-
ment were set as 1.0 s, 70 eV, and 220 °C, respectively.
"H-NMR experiments were conducted at room temperature
in CD;0D [25].

Antioxidant assay in vitro

The antioxidant activity of PEE was assessed. Three com-
plementary methods were used, as explained further below.
60 M DPPH®* was dissolved in 3 mL ethanol, and then
0.5 mL of various PEE concentrations were added. There
were also blank experiments with 0.5 mL of 65% ethanol
instead of the extract. At room temperature, the absorbance
was measured at 517 nm [26]. Two milliliters of various
concentration samples were mixed with 2 mL of FeSO, (6

mmol/L) and 2 mL of H,0, (6 mmol/L). After being shaken,
the mixture was placed at room temperature for 10 min, and
followed by the addition of 2 mL salicylic acid (6 mmol/L).
The mixture was shaken and incubated for 30 min at room
temperature in the dark. At 510 nm, the absorbance of the
reaction mixture was measured. Extra pure water was used
as a control solution [27]. The reducing power of PEE was
determined using the Oyaizu method with some modifica-
tions [28]. In brief, 1.0 mL of various concentration samples
were mixed with 2.5 mL of 0.2 M PBS buffer (pH 6.6),
followed by 2.0 mL of 0.1% (w/v) K;Fe(CN), solution. For
20 min, the mixture was incubated in a water bath at 50 °C.
The mixture was then centrifuged at 3000 rpm for 10 min
with 2.5 mL of a 10% (w/v) TCA solution added. Following
the absorbance analysis at 700 nm, 2.0 mL of the upper layer
was combined with 2.0 mL of distilled water and 0.5 mL of
0.1% (w/v) FeCl, solution. Increased absorbance of the reac-
tion mixture indicates increased reducing power.

The effect of PEE on cell viability in rat
pheochromocytoma (PC,,)

The rat pheochromocytoma (PC,,) cells (ATCC CRL-
1721) were obtained from the American Type Culture
Collection (ATCC). PC,, cells were seeded into 96-well
plates (0.5 % 10* cells/well), cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-streptomycin,
and incubated at 37 °C in a humidified atmosphere of 5%
CO,. Every other day, the medium of culture was changed.
In 96-well plates, cell viability was evaluated using the
MTT test. Cells were exposed to various concentrations
of PEE or H,0, for 24 h at 37 °C. After incubation, PC,
cells were treated for 4 h at 37 °C with 10 pl of 5 mg/mL
MTT and the medium was carefully removed. To dissolve
the formazan crystals, the MTT medium was replaced with
DMSO (250 pl). A microplate reader was used to measure
absorbance at 570 nm [29].

Assay for antioxidant defense system in PC,, cells

To investigate the effect of PEE on oxidative stress in
PC,, cells treated with H,0,, the activities of SOD, CAT,
and GSH-Px were measured using a commercial assay
kit according to the manufacturer’s protocols (Nanjing
Jiancheng BioENG, Co., Nanjing, China). Protein concen-
tration was determined using the BCA protein assay reagent
kit (Sangon Biotech Co., Ltd., Shanghai, China).

Western blot analyses

The expression of Caspase-3, PI3K and Akt were assessed
by western blot analysis. Cell samples were lysed on ice
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with lysis buffer containing cocktail proteinase inhibitors
and protein phosphatase inhibitors (Thermo Fisher Scien-
tific, Inc., Rockford, USA). The protein concentration was
quantified using a bicinchoninic acid (BCA) assay kit (San-
gon, Shanghai, China). Protein samples were separated by
SDS-PAGE using 4-20% precast gradient polyacrylamide
gels. After separation by SDS-PAGE, proteins were trans-
ferred to a PVDF membrane (Sangon, Shanghai, China).
The blots were then incubated with primary antibodies and
subsequently incubated with horseradish peroxidase-(HRP-)
conjugated secondary antibodies. Immunoreactive proteins
were detected using the ECL Western blotting detection sys-
tem (Gene, Hongkong, China). The results of western blot
were analyzed by the Image J program.

Statistical analysis

Statistical analysis was executed with GraphPad and Design
Expert software statistical software program. The difference
between groups with p values < 0.05 was considered as sta-
tistically significant.

Results

Box Behnken design response surface methodology
test model.

The four main influencing factors of solid-liquid ratio (factor
A), extraction temperature (factor B), extraction time (fac-
tor C), and ethanol concentration (factor D) were selected
as the response factors. Table 1 shows the design and the
corresponding response values. The total flavonoids content
in group 15 was the highest, reaching 0.56 mg/g, and the
extraction conditions were 1:25 mg/L solid-liquid ratio, 75
°C extraction temperature, 1.5 h extraction time and 65%
ethanol concentration. Based on the given experimental
results, multiple quadratic regression fitting equations were
designed by software to fit the experimental data as shown
in equation:
Y =0.53 — 0.02A — 8.33E — 004B
—0.019C - 0.013D + 2.50E
— 003AB — 0.012AC + 5.00E
— 003AD - 1.00E — 002CD
- 0.224% - 0.055B°

—0.15C? = 0.15D?

ethanol extracts

According to the results of ANOVA, the obtained model
had a p <0.0001, which indicated that the model built with
the level of solid-liquid ratio, extraction temperature, extrac-
tion time, and ethanol concentration as independent variables
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Table 1 Response surface design and experimental data

Experiment A B C D Flavonoids content
(mg/L)

No. O m (%) (mgg)
1 35 75 1.5 45 0.17
2 25 65 1.5 85 0.36
3 25 65 1.0 65 0.34
4 25 75 1.5 65 0.52
5 25 75 1.0 85 0.21
6 25 85 1.5 85 0.33
7 15 75 1.0 65 0.22
8 15 75 20 65 0.23
9 35 75 1.0 65 0.18
10 15 85 1.5 65 0.20
11 35 65 1.5 65 0.20
12 25 75 1.0 45 0.19
13 25 75 20 45 0.17
14 25 85 1.5 45 0.38
15 25 75 1.5 65 0.56
16 35 85 1.5 65 0.18
17 25 75 1.5 65 0.53
18 25 75 1.5 65 0.55
19 25 65 20 65 0.28
20 25 85 1.0 65 0.39
21 35 75 20 65 0.14
22 35 75 1.5 85 0.15
23 25 65 1.5 45 041
24 15 75 1.5 45 0.21
25 15 65 1.5 65 0.23
26 25 75 1.5 65 0.50
27 15 75 1.5 85 0.17
28 25 85 20 65 0.33
29 25 75 20 85 0.15

A: solid-liquid ratio (mg/L). B: extraction temperature (°C). C:
extraction time (h). D: ethanol concentration (%, v/v).

(Table 2). Total flavonoids content as response value was
extremely significant, the credibility was extremely high, and
there was a significant relationship between the independent
and dependent variables explored in this model. In this case,
the value of R* was 0.9155, and R?,; was 0.831, and the
difference between the two is less than 0.2; indicating that
the model has high fitting accuracy, and the error between
the fitting result and the real result is small. In addition, a
low coefficient of variation (C.V. %= 19.13) demonstrated
reliability and precision. Both linear coefficients and cross
coefficients had no significant effect on flavonoids content
(p>0.05). The flavonoids content was significantly affected
by a quadratic term coefficient solid-liquid ratio (A?), extrac-
tion time (C?), and ethanol concentration (D?) (p<0.05).
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Table 2 Analysis of variance

Source Sum of squares df Mean square F-value p-value
(ANOVE) for the fitted
quadratic polynomial model Model 0.47 14 0.034 10.83 <0.0001 Significant
A 4.80E-03 1 4.80E-03 1.53 0.2359
B 8.33E-06 1 8.33E-06 2.66E-03 0.9596
C 4.41E-03 1 4.41E-03 1.41 0.255
D 2.13E-03 1 2.13E-03 0.68 0.4228
AB 2.50E-05 1 2.50E-05 7.99E-03 0.93
AC 6.25E-04 1 6.25E-04 0.2 0.6618
AD 1.00E-04 1 1.00E-04 0.032 0.8607
BC 0 1 0 0 1
BD 0 1 0 0 1
CD 4.00E-04 1 4.00E-04 0.13 0.726
A2 0.32 1 0.32 103.55 <0.0001
BA2 0.019 1 0.019 6.21 0.0258
cn2 0.16 1 0.16 49.64 <0.0001
D2 0.14 1 0.14 44.19 <0.0001
Residual 0.044 14 3.13E-03
Lack of Fit 0.042 10 4.15E-03 7.29 0.0353 Significant
Pure Error 2.28E-03 4 5.70E-04
Cor Total 0.52 28
R-Squared 0.9155
Adj R-Squared 0.831
CV. % 19.13

s

D: ethanol concentration (%, v/v)

Besides, from the size of analytical comparison of mean
square values, the magnitude of factors affecting flavonoids
content is: A (solid-liquid ratio) > C (extraction time) > D
(ethanol concentration) > B (extraction temperature).

Response surface analysis

The interactions between AB, AC, AD, BC, BD and CD fac-
tors, should be further analyzed in order to establish an ideal
range level for each factor, based on the ANOVA results and
model fitting data. The response surface plots and contour
plots were thus still applied using the software. As shown in
Fig. 1, the contours were elliptical and the response surface
was steep with a large surface, and AB, AC, AD, BC, BD
and CD factors had a strong interaction. More critically, the
AC factor interaction was the strongest, with the greatest
effect on total flavonoids content. The effect of the inter-
action of the extraction time and solid-liquid ratio on the
flavonoids content of the extract at a constant extraction
temperature and ethanol concentration is shown in Fig. 1A.
The maximal flavonoids content value was attained by
increasing the extraction time from 1.0 to 1.5 h. However,
the flavonoids content reduced after 1.5 h. Similarly, the fla-
vonoids content increased from 1:15 to 1:25 mg/L within the

* p<0.01; "p<0.05; A: solid-liquid ratio (mg/L). B: extraction temperature (°C). C: extraction time (h).

solid-liquid ratio, and the maximum flavonoids content value
was obtained before decreasing from 1:25 to 1:35 mg/L.
Finally, the quadratic model predicted a maximum flavo-
noids content of 0.532 mg/g when the coded levels of solid-
liquid ratio, extraction temperature, ethanol concentration,
and extraction time were 1:25, 75 °C 1.5 h, and 65%, respec-
tively. The experimental result had a flavonoids content of
0.56 +£0.03 mg/g, which was an excellent agreement with
the model prediction value.

Characterization of flavonoids from G. lucidum

The ethanol extracts of G. lucidum were isolated and puri-
fied using polyamide resin to investigate the presence of
bioactive components, and the most effective fraction was
screened to analyze composition. As shown in Fig. 2, peaks
at approximately 3500 and 1000 cm™!, are characteristic of
flavonoids in Fourier transform infrared (FT-IR). Among all
the spectra, the O—H in flavonoid compounds has a strong
and broad absorption band at 3374.90 cm™'. Another obser-
vation is related to the region above 2900 cm™!, which can
be assigned to the O—H and C-H bands. Peaks observed
at 1650-1450 cm™! are representative of an aromatic ring.
Finally, the absorption 1086.34 cm™! may be due to the
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Fig.1 Response surface plots for flavonoids content affected by
A Solid-liquid ratio and extraction time. B Solid-liquid ratio and
extraction temperature. C Solid-liquid ratio and ethanol concentra-

carboxylic acid bands (CO stretching) [30-32]. These find-
ings suggest that PEE contains functional groups such as
alcohol, ketones, aldehydes, and carboxylic acid.

The nuclear magnetic resonance (‘H NMR) spectra of
the flavonoids were mainly concentrated within the range of
5.5 to 9.0 ppm. The flavonoid protons signal was detected
in the "H NMR spectra of the following data at §8.21 (H-5),
7.53 (H-3, 5, H-4), 7.19 (H-2), 6.74 (H-3), 6.73 (H-6), 5.71
(H-23), 4.65 (H-6), 4.64 (H-1), 2.09 (H-2), and 1.47 (H-5)
[33-38]. 1,5,7-dihydroxyflavonoids were detected at 5.7-6.9
ppm. The bimodal signals of 2 H in the 4’-oxygenated fla-
vonoids appeared at 5.0-6.5 ppm and 7.0-9.5 ppm. A single
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peak of 3,3°,4°,5’-trioxy-substituted flavonoids appeared in
the region of 6.5-7.5 ppm. The presence of a C=0 bond
at B-position of the carbonyl group led to a single peak at
7.60-7.8 ppm, which was lower than the average aromatic
proton. The structure of the PEE was investigated using
FT-IR spectroscopy and 'H NMR spectroscopy, which
revealed that it was primarily a 5,7-Dihydroxyflavone [39].

Antioxidant activity of G. lucidum purified ethanol extracts

The capability of scavenging the stable DPPH® radicals
and hydroxyl radicals were estimated by measuring the
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Fig.2 Identification of PEE. A FT-IR spectra of PEE in the fre-
quency range approximately 3500 and 1000 cm™. B 'H NMR spec-
troscopy of PEE

decrease in its absorbance induced by antioxidants. As
shown in Fig. 3, the tested samples dose-dependently
exhibited a DPPH*-scavenging effect and hydroxyl radi-
cal scavenging activity at all the investigated concentra-
tions ranged from 0.4 mg/mL to 3.8 mg/mL. At 3.8 mg/
mL, the DPPHe-scavenging ability and the ability to scav-
enge hydroxyl radicals were 89.81% and 89.90%, respec-
tively. In agreement with the scavenging effects on DPPH*
radicals and hydroxyl radicals, PEE also showed stronger
reducing capacity. The presence of antioxidants in this
assay system causes the reduction of the Fe**/K;Fe(CN)q
complex to the ferrous form (Fe?*), and consequently, the
Fe?* can be monitored by measurement of the formation
of Perl’s Prussian blue at 700 nm. The absorbance of PEE
at 700 nm increased from start to 3.5 mg/mL and tended
to be equilibration from 3.5 mg/mL to 9 mg/mL.

A

100 -
90 - L .
80 -7

70 T

60 4

50 4

DPPH' radical scavenging capacity (%)

40 T T T T T T T T T 1
00 04 08 1.2 1.6 20 24 28 32 36 40

PEE concentration (mg/mL)

100

904 -

80 -

70 7

60 4 [ 7

50

Hydroxyl radical scavenging capacity (%)
\

40 T T T T T T T T T 1

00 04 08 12 16 20 24 28 32 36 40
PEE concentration (mg/mL)

_____ u
£ . _--W-c
= "
o 204 o1
f= -
~ 7
- s
«< e
e L
° i
<
3 !
3 . /
2 1.5+
_é /
< 1
/
-/
| ]
1.0 T T T T 1
0 2 4 6 8 10

PEE concentration (mg/mL)

Fig.3 Antioxidant activity of PEE of G. lucidum. A DPPH® radical-
scavenging activity of PEE. B Hydroxyl radical-scavenging activity
of PEE. C Iron(IIl) to iron(Il) reducing power of PEE. Data are pre-
sented as mean + SD of three replicates (n=3)
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Fig.4 Effects of PEE on viability of PC,, cells. MTT assay was used »

for determining cell viability. Data are expressed as mean+S.D.,
"p<0.05 vs. untreated or control group, “p<0.01 vs. untreated or
control group, *p <0.05 vs. H,0,—treated group, #p <0.01 vs. H,0,—
treated group

Effects of PEE on viability of PC,, cells

Figure 4 A showed the residual viability of PC, cells after
24 h incubation with H,0,. When the concentration of H,0,
was greater than 2 uM, PC,, cell viability was significantly
(p<0.01) decreased compared to the untreated group. The
residual cell viability was only about 50% when the con-
centration of H,O, was greater than 3 uM. The cells were
treated with 3 uM H,0,, and cell viability decreased signifi-
cantly (p <0.01) as incubation time increased. Furthermore,
the residual cell viability was around 50% after 24 h of incu-
bation. As a result, we chose 3 pm H,0,-treated PC,, cells
for 24 h in preparation for future experiments (Fig. 4B). As
shown in Fig. 4C, compared with the untreated group, the
residual cell viability of the PC,, cells increased gradually
with PEE concentration increasing to 40 pg/mL (p <0.01),
but decreased at 50 pg/mL. Thus, 40 pg/mL PEE concentra-
tion was chosen to analyze PEE suppressing oxidative stress
effects on H,0,-induced PC,, cells. As shown in Fig. 4D,
cell viability was reduced to 55.1% after H,O, treatment
when compared to the control group. Notably, in the pres-
ence of PEE, cell viability increased by 13.76% when com-
pared to H,0, treatment (p < 0.05), reaching 72.5%.

Effect of PEE on the antioxidant defense system in PC,, cells

This work therefore sought to analyze whether PEE could
reduce H,0,-inducted oxidative damage of PC,, cell through
increasing enzymatic antioxidants (Fig. 5). Compared
with the control group, SOD, CAT and GSH-Px activities
decreased significantly (P <0.01) to 19.97, 10.37 and 10.43
U/g-protein, respectively, after 24 h H,0, treatment of PC,,
cells. Interestingly, when treated with the PEE, the activities
of SOD and CAT and GSH-Px had significantly increased
when compared to the H,O,-treated group (p <0.01), which
were 36.93, 15.01 and 15.11 U/g-protein.

Effect of PEE on the protein expression in PC,, cells
stimulated by H,0,

To explore the mechanisms underlying the effects of PEE
treatment, the relative levels of PI3K, Akt and Caspase-3
protein in PC,, cell were determined using western blot
analyses. As shown in Fig. 6, the results of western blot-
ting showed that compared with the control group, the
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expression of PI3K and Akt were decreased, while the
expression of Caspase-3 was increased in the H,0,-treated
group. In the PEE group, PEE treatment could upregulate
the expression of PI3K, Akt and downregulate the expres-
sion of Caspase-3 in PC,, cells stimulated with H,O,.
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Fig.6 The protein expressions levels as determined using Western
bloting. The differences were assessed by ANOVA

Discussion

The antioxidant properties of G. lucidum extracts were
related to its polyphenolic components in the extraction.
Significantly, flavonoids are naturally occurring phenolic
chemicals with exceptional performance in a wide range
of food and health products as well as medical capabili-
ties [40]. Optimizing the extraction procedure will aid in
increasing the flavonoids content and antioxidant activity
of G. lucidum. As a result, we hope to achieve a high con-
tent of G. lucidum flavonoids during the extraction process
using a response surface methodology. The solid-liquid ratio
was found to be the most influential factor in the extraction
process in our study. In general, the solubility of flavonoids
increases as the amount of solvent increases. When the
liquid-solid ratio exceeded 1:25 mL/L, the declining trend
appeared, indicating that the liquid-solid contact area had
reached saturation. The extraction time is also an important
factor in the extraction process. Extending the extraction
time could result in flavonoids decomposition and a decrease
in extraction rate [41]. We discovered that after 1.5 h of
extraction time, the extraction rate of G. lucidum flavonoids
decreased. Futhermore, increasing the polarity of ethanol by
adding the appropriate amount of water could increase the
solubility of the flavonoids [42]. To obtain high flavonoids
content in G. lucidum, 65% ethanol was preferable. The
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extraction temperature would also influence the flavonoids
content during the extraction process. Temperature increases
can affect molecular motion, penetration, dissolution, and
diffusion, causing flavonoids to be released and dissolution
to improve [43]. Thus, the highest flavonoids content was
found when the solid-liquid ratio was 1:25 mg/L, the extrac-
tion temperature was 75 °C, the extraction time was 1.5 h,
and the ethanol concentration was 65%.

The generation of free radicals is a major consequence
of oxidative stress, which is ubiquitous during normal cell
metabolism [44]. H,0, can penetrate the cell membrane
and can be converted into other free radicals, such as super-
oxide anions and hydroxyl radicals [45]. Previous research
has shown that flavonoids have the ability to scavenge free
radicals by breaking free radical chain reactions [40, 46].
When antioxidant defenses are unable to remove excess free
radicals, natural antioxidant compounds can react in vitro in
one-electron reactions with free radicals to prevent oxidative
damage, which mediates the imbalance between intracellular
antioxidant defenses and oxidative damage, and even has a
protective effect on DNA damage caused by hydroxyl radi-
cals [47]. In our research, PEE demonstrated strong DPPH®
and hydroxyl radical scavenging activity, as well as stronger
reducing capacity. Furthermore, the results of cell viability
also showed that the viability of PC,, cells decreased with
approximately 50% after 24 h of 3 uM H,0, stimulation,
and PEE treatment could significantly increase the viabil-
ity of PC,, cells induced by H,0,. These may be due to a
balanced system to neutralize the extra ROS by enzymatic
antioxidants, such as SOD, CAT, and GSH-Px, to reduce
oxidative state in the cell or as the first-line defense antioxi-
dants, which can decompose superoxide radical, breakdown
H,0, and hydroperoxides to harmless molecules [48]. PEE
could reduce oxidative damage in PC, cells by increasing
the activities of SOD, CAT, and GSH-Px, thereby improving
their antioxidant defenses. Our results confirmed the find-
ings of earlier studies.

Compared with the H,O,-treated group, PEE treatment
could upregulate the expression of PI3K and Akt in PC,
cells. The PI3K/Akt signaling pathway regulates cell sur-
vival, differentiation, proliferation, and apoptosis [49, 50].
PI3Ks phosphorylates inositol phosphate at the D-3 posi-
tion of the inositol head group, resulting in D-3 phosphate
production [51]. When PI3K phosphorylation increases,
signals are transmitted via inositol 3-phosphate dependent
protein kinase-1 (PDK1), a serine/threonine kinase. After
PI3K activation, PDK1 is recruited to the cell membrane,
where it phosphorylates and activates Akt [51]. H,O, treat-
ment of PC,, cells resulted in excessive production of
intracellular ROS, and excessive production of ROS can
inhibit PI3K phosphorylation. As a result, PEE treatment
might inhibit the decrease in PI3K phosphorylation caused
by H,0,. With the restoration of mitochondrial membrane
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potential, mitochondria will reduce cytochrome release and
inhibit caspase family activation [52]. PEE treatment also
altered the expression levels of CAT, SOD, and GSH-Px,
which helped to eliminate excess reactive oxygen species
in PC, cells. These results showed that PEE may have a
protective effect on H,O,-induced PC, cells via the PI3K/
Akt pathway.

Conclusion

The solid-liquid ratio was found to be the most influen-
tial factor in the extraction process, and the highest flavo-
noids content was found when the solid-liquid ratio was
1:25 mg/L, the extraction temperature was 75 °C, the extrac-
tion time was 1.5 h, and the ethanol concentration was 65%.
The structure of the PEE was investigated using FT-IR spec-
troscopy and 'H NMR spectroscopy, which revealed that
it was primarily a 5, 7-Dihydroxyflavone. PEE exhibited
significant DPPH® and hydroxyl radical scavenging activ-
ity, as well as stronger reducing capacity. Moreover, PEE
pretreatment could significantly increase the viability of
PC,, cells induced by H,0,. In addition, PEE could reduce
oxidative damage in PC, cells by increasing the activities
of SOD, CAT, and GSH-Px, thereby improving their anti-
oxidant defenses. More importantly, PEE treatment could
upregulate the expression of PI3K, Akt and downregulate
the expression of Caspase-3 in PC,, cells stimulated with
H,0,.
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