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Background: Liver cells are particularly susceptible to mitochondrial dysfunction due to external stimuli, leading to excess
reactive oxygen species (ROS) and redox imbalance. The aim of this study was to extract and purify the polyphenolic fractions of
Mallotus peltatus (Geiseler) Mull. Arg. and evaluate their potential protective effect against H,O,-induced oxidative stress injury
in hepatocytes.

Methods: The extraction process of polyphenols in MPMA was optimized by the response surface method. Then, we purified the
crude extracts with macroporous resin HPD600 to obtain MPMAP-I, MPMAP-II, and MPMAP-III. The physical properties and
component composition of the samples were analyzed by FT-IR and UPLC-MS/MS. An in vitro H,0,-induced oxidative stress
injury model in hepatocytes was established to investigate the protective effect of MPMAP-I on L02 cells. The effect was assessed
by measuring cell survival rate, enzyme activities, intracellular ROS levels, cell apoptosis rate, mitochondrial membrane potential,
and the mRNA expression of related signaling pathways.

Results: The results showed that the optimized extraction conditions of MPMA were 60% ethanol, 140 min, 85°C, and liquid-to-
solid ratio of 30 mL/g. All three purified fractions contained different polyphenols (such as kaempferol 3-O-sophoroside,
corilagin, and cirsiliol) and had great antioxidant activities. MPMAP-I treatment could increase the activities of SOD, CAT, and
GPx in H,0,-induced L02 cells, reduce the content of MDA, the activities of transaminases, the production of intracellular ROS,
and the rate of cell apoptosis, and restore mitochondrial function. Furthermore, these effects might be related to the inactivation of
the Bcl2/Bax/caspase-3 apoptotic pathway and the activation of the Nrf2/y-GCL antioxidant pathway.

Conclusion: Our study provided a theoretical basis for the protective effect of MPMA polyphenols on liver injury, which is helpful
to improve the development and application of MPMA in medicine and healthcare products.
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1. Introduction (NASH), cirrhosis, and cardiovascular disease [1]. Over the

past decade, the incidence of NAFLD has dramatically in-
Nonalcoholic fatty liver disease (NAFLD) is a common  creased worldwide, particularly in developing countries, and
chronic liver disease, which can cause a variety of pathol- it hasbeen reported in 46% of the middle-aged population in
ogies such as obesity, dyslipidemia, diabetes mellitus, insulin ~ the United States [2, 3]. Studies have found that mito-
resistance, hypertension, nonalcoholic steatohepatitis ~ chondrial diseases are closely related to liver cell function.
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Mitochondria regulate the redox of hepatocytes, enabling
the liver to maintain normal lipid homeostasis. An imbal-
ance between excessive mitochondrial reactive oxygen
species (ROS) production and the antioxidant system can
lead to liver dysfunction and NAFLD [2]. Therefore, NAFLD
is closely related to cellular oxidative stress. Many antiox-
idants and antioxidant substances have been shown to
protect the liver from oxidative stress and injury, which
turther supports the association between oxidative stress and
liver injury [4-6]. By emphasizing the potential role of
antioxidants in the prevention or treatment of NAFLD, this
research provides theoretical support for subsequent studies.

Polyphenols are secondary metabolites found in most
plants and have been shown to play a protective role in liver
health by combating oxidative stress [7]. For instance,
resveratrol has been reported to alleviate NAFLD by acting
as an anti-ROS agent, mitigating DNA damage through the
p53/p2l signaling pathway [8]. Additionally, studies using
three animal models of NAFLD/NASH demonstrated that
black soybean polyphenols can prevent the progression of
these conditions by reducing oxidative stress and inhibiting
liver lipid accumulation [9]. Furthermore, polyphenols from
blueberry leaves can alleviate NAFLD by improving mito-
chondrial dysfunction and oxidative defense, thereby re-
ducing hepatic steatosis, oxidative stress, and inflammatory
response [10]. Notably, higher intakes of total polyphenols,
phenolic acids, and lignin were associated with a lower
probability of developing NAFLD, emphasizing the po-
tential importance of a diet rich in polyphenols to help
reduce NAFLD and its risk of progression to advanced stages
[11]. The synergistic effects of various active compounds,
particularly natural polyphenols, present new therapeutic
strategies for addressing NAFLD.

Mallotus  peltatus (Geiseler) Mill. Arg. (MPMA),
a member of the Euphorbia family, is widely distributed in
Southeast Asia and Hainan Province, China [12-14]. This
plant is known locally as “glossy ganoderma grass” in
Hainan, representing a vital economic commodity as well as
traditional medicine [15]. MPMA is rich in bioactive
compounds, including polysaccharides, fatty acids, tri-
terpenoids, polyphenols, and alkaloids, which contribute to
its numerous biological activities. For example, purified
polysaccharides from MPMA exhibit excellent free radical
scavenging and a-glucosidase inhibitory activities [14].
Additionally, bioactive fraction A and isolated ursolic acid
from MPMA have demonstrated antiviral properties by
inhibiting the early stages of herpes simplex virus replication
[12]. Research has also identified the antimicrobial, anti-
inflammatory [13], antiatherosclerotic [16], and antiobesity
effects of MPMA, as well as its potential to improve central
nervous system function [17] and alleviate gastric mucosal
injury [15]. Despite these promising medicinal and eco-
nomic values, research on MPMA, particularly regarding its
hepatoprotective effects, remains limited.

Oxidative stress and liver damage are critical health
issues, often associated with chronic diseases and environ-
mental factors. To optimize the yield of MPMA active
substances, we employed the response surface method
(RSM), focusing on total phenolic content (TPC) as a key
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parameter. This strategy was complemented by infrared
spectroscopy to explore structural differences among the
purified components. Our comprehensive analysis, using six
different in vitro methods, provided a unique assessment of
the antioxidant activities of these components. Additionally,
by establishing an H,0,-induced oxidative stress model in
L02 cells and employing quantitative real-time PCR, we
explored the antioxidative stress capability and liver-
protective effects of the sample, making progress in the
molecular pathways involved in oxidative stress and apo-
ptosis. This work not only provides valuable insights into the
bioactive properties of MPMA but also offers references for
future studies on the mechanisms underlying its protective
effects against oxidative stress and liver damage.

2. Materials and Methods

2.1. Plant Materials and Reagents. The leaves of MPMA were
collected from Ding’an County, Hainan Province, and were
identified by Professor Gang Hao (College of Life Science,
South China Agriculture University). The voucher specimen
of MPMA (No. SKC211007) has been deposited in the
College of Food Science and Engineering, South China
University of Technology. The leaves of MPMA natural were
dried, ground into powder, and sieved through a 60-mesh
sieve. The powder was stored in sealed bags for further
experimentation.

Dulbecco’s modified Eagle’s medium (DMEM) was
provided by Gibco. Fetal bovine serum (FBS) and
phosphate-buffered saline (PBS) were provided by VivaCell
Biosciences (Shanghai, China). The BCA protein concen-
tration assay kit (P0009), total superoxide dismutase (SOD)
assay kit with WST-8 (S0101), catalase (CAT) assay kit
(S0051), total glutathione peroxidase (GPx) assay kit with
DTNB (S0059S), malondialdehyde (MDA) assay kit (S0131),
ROS assay kit (S0033), Annexin V-FITC apoptosis detection
kit (C1062), and enhanced mitochondrial membrane po-
tential (MMP) assay kit with JC-1 were purchased from
Beyotime Biotechnology (Shanghai, China). Glutamic oxa-
loacetic transaminase (GOT) assay kit (C010-2-1) and
glutamic pyruvic transaminase (GPT) assay kit (C009-2-1)
were obtained from Nanjing Jiancheng Bioengineering In-
stitute (Nanjing, China). The EZ-press RNA purification kit
(B0004DP), color reverse transcription kit (with gDNA
remover) (A0010CGQ), and 2x color SYBR green qPCR
master mix (A0012-R1) were obtained from EZBioscience
(USA). All other chemicals used were of analytical grade.

2.2. Optimization of Extraction Conditions

2.2.1. Single-Factor Design of Polyphenols. Single-factor
experiments were designed with reference to previous
studies [18-20]. As shown in Supporting Table S1, four
factors (extraction time, temperature, liquid-to-solid ratio,
and ethanol concentration) affecting the TPC in the ethanol
extraction of MPMA were explored. The TPC of the MPMA
extractions was measured using the Folin-Ciocalteu’s col-
orimetric method [18] with minor modification. Briefly,
10-60 pg/mL gallic acid standard solution was prepared, and
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after the extract was diluted 35 times, 1 mL standard solution
or sample solution was mixed with 5mL Folin-Ciocalteu’s
solution (10% v/v) for 5min, respectively. Subsequently,
4mL Na,COs; (7.5% w/v) was added, and after 60 min of
reaction at room temperature in the dark, the absorbance
was measured at 760 nm using a UV spectrophotometer
(Shanghai Scientific Instrument Co., LTD. UV754N, China).
The results are expressed in milligrams of gallic acid
equivalent per gram dry weight (mg GAE/g dw) of MPMA.
The standard curve is shown in equation (1):

Y =0.0105C - 0.0053, (1)

where Y represents the absorbance of the diluted sample at
760nm and C (ug/mL) represents the concentration of
polyphenol in the sample.

CxVxN

The TPCyield of sample (mg/g) = M

) (2)
where C (ug/mL) is the concentration of polyphenol in the
sample, V (mL) is the total volume of the extract, N is the
dilution ratio, and M (g) is the dry weight of the sample.

2.2.2. Response Surface Optimization. Based on the results of
a single-factor experiment, three factors, including extrac-
tion time (A), temperature (B), and liquid-to-solid ratio (C),
with significant responses to TPC were chosen as in-
dependent variables, and TPC was considered the response
value. The extraction conditions were optimized using the
RSM, and 17 experimental combinations were analyzed
using Design-Expert (Supporting Table S2) [18].

2.2.3. Extraction and Purification of Polyphenols.
According to the results of RSM, the MPMA were extracted
by 60% ethanol, 140 min, 85°C, and liquid-to-solid ratio of
30mL/g. The extraction was concentrated by a rotary
evaporator and purified by macroporous resin HPD600 with
water and different concentrations of ethanol to obtain the
polyphenols from MPMA. Then, solutions were concen-
trated and dried at 60°C, through the determination of TPC
content. The 30%, 50%, and 70% elution fractions were
named MPMAP-I, MPMAP-II, and MPMAP-III, and the
TPC contents were 423, 413, and 228 mg/g, respectively.
Figure 1 shows the specific operation process.

2.3. FT-IR Characterization. For analyzing the structure of
samples, the MPMAP-I, MPMAP-II, and MPMAP-III were
mixed with KBr, pressed, and measured in a Fourier infrared
spectrometer (Thermo Fisher Nicolet 1S50, USA) to obtain
spectra. The scanning range was 4000-500 cm™" [21].

2.4. UPLC-MS/MS Analysis. The components of MPMAP-I,
MPMAP-II, and MPMAP-III were analyzed using a UPLC-
MS/MS system (Agilent1290/Bruker maXis impact). The
mobile phase consisted of acetonitrile (A) and ultrapure
water (B). The gradient elution program was as follows: 5%
(A) for 0-2 min; 5%-100% (A) from 2 to 20 min; 100% (A)

from 20 to 24 min; and back to 5% (A) from 24 to 30 min.
The column temperature was maintained at 35°C, with a flow
rate of 0.25mL/min and an injection volume of 20 pL. The
mass spectrometer was equipped with an electrospray
ionization (ESI) source, and detection was performed in the
negative ion mode. The capillary voltage was set to 3500V,
with a gas flow rate of 4.0L/min and a scan range of
50-1500 m/z.

2.5. Antioxidant Activities

2.5.1. ABTS" Scavenging Ability. The scavenging effect
against ABTS-" of MPMAP-I, MPMAP-II, and MPMAP-III
was determined by a 96-well microplate using a modified
version of the previous method [22]. After the ABTS stock
solution was prepared, ABTS solutions with different con-
centrations were obtained by dilution with absolute ethanol,
and their absorbance at 734 nm was measured by a UV
spectrophotometer (Shanghai Scientific Instrument Co.,
LTD. UV754N, China). The concentration selected for the
experiment was 0.2626 mM. 180 uL of ABTS solutions and
20 uL of sample solutions (50-800 pg/mL) were added to
each well. After mixing, the reaction was carried out in the
dark at 30°C for 6 min. Distilled water and VC solution were
used to replace the sample solution as blank and positive
controls, respectively.

The ABTS." scavenging rate of the sample was calculated
as shown in equation (3):

A=A 100 (3)
n ,

C

radical scavenging rate (%) =

where A, and A g are the absorbance at a certain wavelength
of the control and the sample, respectively.

2.5.2. DPPH- Scavenging Ability. The scavenging ability
against DPPH- was determined by the 96-well microplate
method [22]. Distilled water and VC solution were used to
replace the sample solution as blank and positive controls,
respectively. The DPPH- scavenging rate of the sample was
calculated as shown in equation (3).

2.5.3. -OH Scavenging Ability. The -OH scavenging ability
was determined by the 96-well microplate method [23]. The
experiment was performed in the dark. Distilled water and
VC solution were used to replace the sample solutions as
blank and positive controls, respectively. The -OH radical
scavenging rate of the sample was calculated as shown in
equation (3).

2.5.4. -O5" Scavenging Ability. The -O,  scavenging ability
was determined by the 96-well microplate method [24] with
minor modification. 150 uL Tris-HCI buffer solution
(0.05 mM, pH =8.0) and 30 pL sample solutions (50-800 pg/
mL) were mixed, and then, the plate was incubated in the
dark at room temperature for 10 min. Next, 30 uL pyrogallol
solution (6 mM) was added, mixed with slight shaking, and
left in the dark at room temperature for 10 min. Finally,
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Mallotus peltatus (Geiseler) Miill. Arg.

| MPMAP-I (30/70) |

| MPMAP-II (50/50) | |MPMAP—HI (70/30)‘

MPMA dry leaves

Grinding machine, 60-mesh sieve

Macroporous resin HPD600,
eluted with water and different concentration of ethanol (v/v),
rotary evaporation

MPMA Power Refluxed with ethanol, rotary evaporation

Ficure 1: MPMA extraction process.

30 uL of 8 mM HCI solution was added to terminate the
reaction, and the absorbance was measured at 325nm.
Distilled water and VC solution were used to replace the
sample solution as blank and positive controls, respectively.
The -O,  scavenging rate of the sample was calculated as
shown in equation (3).

2.5.5. Ferric Reducing Antioxidant Power (FRAP). The
FRAP was determined by the 96-well microplate method
[22]. 0.083 mM TPTZ working solution was prepared, and
then, 20 uL ferrous sulfate solution with different concen-
trations and 180 uL TPTZ working solution were added to
the 96-well plate. After the reaction at 37°C in the dark for
10 min, the absorbance was measured at 596 nm to establish
an absorbance-concentration standard curve of ferrous
sulfate. The concentration of mM representing the same
absorbance as ferrous sulfate is the FRAP value of the
sample. Distilled water and VC solution were used to replace
the sample solution as blank and positive controls,
respectively.

2.5.6. Total Reducing Power. The total reducing power was
determined by the 96-well microplate method [23]. Briefly,
40 pL samples at various concentrations (50-800 pg/mL)
were mixed with 100 uL of phosphate buffer (0.2 M, pH 6.6)
and 100 puL of K3Fe(CN)g solution (1%, w/v). The mixtures
were then reacted at 50°C for 20 min. Then, 100 uL of
CCl;COOH solution (10%, w/v) was added to shut down the
reaction. Subsequently, 100 pL of supernate was mixed with
100 pL of distilled water and 20 uL of FeCl; solution (0.1%,
w/v) in the 96-well plate. Ten minutes later, the plate was
shaken sufficiently and measured spectrophotometrically at
700 nm. Distilled water and VC solution were used to replace
the sample solution as blank and positive controls, re-
spectively. The total reducing power of the sample was
calculated as equation (4):

total reducing power = Ag — Ag, (4)

where A and Ay are the absorbance at a certain wavelength
of the control and the sample, respectively.

2.6. Effects on HyO,-Induced L02 Cells

2.6.1. Cell Culture and Cytotoxicity Assay. L02cells were
cultured in DMEM with 10% FBS and 1% pen-
icillin-streptomycin (referred to as complete medium) and
maintained at 37°C in a 5% CO, incubator. The passage
number of L02 cells used in the experiments did not exceed 15.

The cytotoxicity was assessed using the MT T assay [25]
with some modifications as reflected. L02 cells were
seeded at a density of 5 x 10 cells/mL in 96-well plates and
cultured for 24 h. When the count of cells was appropriate,
the old culture medium from each well was removed, the
cells were washed twice with PBS, and the cells were
treated with different concentrations of MPMAP-I,
MPMAP-II, and MPMAP-III (0, 25, 50, 100, 200, and
400 pg/mL, 24 h) or H,0, (50, 100, 200, 400, 600, 800, and
1000 uM, 4 h). The concentration of H,O, at which the
survival rate of the injury group was around 50% was
selected as the modeling condition for subsequent ex-
periments [26, 27].

To evaluate the effects of the samples on the viability of
H,0,-induced L02 cells, the cells were treated with the
samples for 24h and then induced with H,0, for 4h fol-
lowed by MTT assay.

MTT solution (5 mg/mL) prepared in PBS (stored at 4°C)
was diluted 10-fold with DMEM high glucose medium to
prepare the MTT working solution. After certain treatment,
cells were incubated with MTT working solution for 4h,
followed by the addition of DMSO to dissolve the purple
formazan crystals. The optical density (OD) was measured at
490nm using a microplate reader (Tecan Infinite 200,
Switzerland). The viability of L02 cells was calculated
according to equation (5):

A
the viability of L02 cells (%) = A—S x 100. (5)
C
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2.6.2. Determination of Intracellular Antioxidant Enzymes
and MDA Content. After 4h of H,O, treatment, the cells
and culture medium were collected, and the enzyme ac-
tivities of SOD, CAT, GPx, and the content of MDA were
measured according to the instructions of the relevant kit
[27, 28].

2.6.3. Determination of Intracellular Transaminase Content.
After 4h of H,O, treatment, the cells and culture medium
were collected, and the enzyme activities of GOT and GPT
were measured according to the instructions of the relevant
kit [28].

2.6.4. Measurement of Intracellular ROS, Apoptosis Rate, and
MMP. ROS detection was performed using the fluorescent
probe DCFH-DA. Intracellular ROS can oxidize non-
fluorescent DCFH to produce fluorescent DCF. Detection of
DCF fluorescence can be used to know the level of in-
tracellular ROS. During early apoptosis, phosphatidylserine
(PS) is transferred from the inner to the outer side of the cell
membrane and exposed on the cell surface. Annexin V is
a protein capable of binding PS with high affinity, and when
combined with fluorescein isothiocyanate (FITC), it can
detect cells with PS eversion by flow cytometry. JC-1 is
a fluorescent dye that assesses cell injury or apoptosis by
detecting changes in MMP. In healthy cells, JC-1 forms red
fluorescent aggregates in the mitochondria. When apoptosis
occurs, the membrane potential drops, leading to green
fluorescence. The red-to-green fluorescence ratio is used to
evaluate the extent of injury or apoptosis.

After 4h of H,O, treatment, the cells and culture me-
dium were collected, and intracellular ROS and apoptosis
rate were measured by flow cytometry (NovoCyte Quan-
teon, USA), and MMP was measured by inverted fluores-
cence microscopy (Nikon, Japan) according to the
instructions of the relevant kit [28, 29].

2.6.5. Quantitative Real-Time PCR (qRT-PCR) Assay.
After 4h of H,O, treatment, the cells and culture medium
were collected, total RNA was extracted following the
manufacturer’s instructions, and the concentration and
purity of RNA were measured by a spectrophotometer
(NanoDrop 2000 ¢, USA). The cDNA was synthesized by
reverse transcription using the reverse transcription kit [29].

qRT-PCR amplification reactions: Follow the in-
structions of the 2 x color SYBR green qPCR master mix kit.
20 uL reaction system (10 pLSYBR Green Master +6 pL
DEPC water + 2 uL cDNA + 2 pL primer) was used to detect
the effect of samples on the expression of related genes in
L02 cells. The results were normalized to the expression of
B-actin, and the primers for the genes are shown in Sup-
porting Table S3.

2.7. Statistical Analysis. All experiments were repeated at
least three times independently, and the data were expressed
as mean * standard deviation. Data were analyzed by one-
way ANOVA using the SPSS 25 statistical analysis program

followed by Tukey’s multiple comparisons. “p <0.05 was
considered significant and **p <0.01 was considered ex-
tremely significant. All data results were graphically ana-
lyzed using Origin 2021 software.

3. Results and Discussion

3.1. Single-Factor Design of Polyphenols. The TPC yield of
MPMA gradually increased with the extension of extraction
time from 30 to 150 min, reaching a maximum of 127.86 mg/
g around 150 min. When the extraction time exceeded
150 min, the TPC yield decreased (Figure 2(a)). It was
speculated that the solvent volatilization was caused by too
long heating time, which affected the dissolution of
polyphenols [30].

Besides, with the increase in extraction temperature, the
TPC yield of MPMA gradually increased and reached
a maximum value of 126.33 mg/g near 80°C (Figure 2(b)).
Because heating energy can reduce viscosity and surface
tension by disrupting cell structure, thereby improving
extraction efficiency [31]. However, excessive temperature
might cause some polyphenols to undergo chemical re-
actions, resulting in structural changes [32].

Additionally, Figure 2(c) shows that the TPC yield of
MPMA could reach 119.05mg/g when the liquid-to-solid
ratio was 25 mL/g. The appropriate increase in extraction
solvent could help the solvent to fully extract the sample and
increase the dissolution of polyphenols. When the solvent
was too much, the dissolved polyphenols reached the upper
limit, but the solvent diluted the content of polyphenols [32].
Higher or lower ethanol concentration was not conducive to
improving the TPC yield of MPMA.

When the ethanol concentration was between 40% and
60%, the TPC yield of MPMA was significantly increased, and
the yield reached the maximum when the ethanol concen-
tration was about 60%. After increasing the ethanol concen-
tration, the boiling point of the system was gradually reduced,
and the solvent evaporation speed became faster, which may
lead to the fact that TPC could not be completely extracted. In
addition, the polarity of ethanol aqueous solvent decreases with
the increase of ethanol concentration [33], which showed that
the polarity of phenolic compounds in MPMA was low, and
the dissolution effect is good at 60% ethanol concentration. The
TPC yield of MPMA decreased significantly when ethanol
concentration exceeded 60%. (Figure 2(d)).

Among them, because the ethanol concentration had no
significant effect on the TPC yield of MPMA, 150 min, 80°C,
and 25 mL/g were selected for the subsequent study.

3.2. Optimization of Extraction Conditions. Central com-
posite design and results of the TPC yield of MPMA are
shown in Supporting Table S2. Table 1 shows the ANOVA to
assess the significance of the fit of the regression model to the
experimental data. The model F-value of 39.22 implied the
model was significant. The quadratic regression model was
significant (p < 0.05), while the lack of fit was not significant
(p>0.05), indicating that the model was reliable in calcu-
lating TPC. The predicted R* of 0.8449 was in reasonable
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FIGURE 2: Optimization of extraction conditions, FT-IR spectra, and antioxidant activities of MPMAP-I, MPMAP-II, and MPMAP-III.
Effects of extraction time (a), temperature (b), liquid-to-solid ratio (c), and ethanol concentration (d) on the TPC yield of MPMA. 3D
response surface plots of the TPC yield of MPMA in terms of extraction time vs temperature (e), time vs liquid-to-solid ratio (f),
temperature vs liquid-to-solid ratio (g). FT-IR spectra of MPMAP-I (h), MPMAP-II (i), and MPMAP-III (j). ABTS-* (k), DPPH. (1), -OH
(m), -0, (n) scavenging rate, FRAP (0), and total reducing power (p) of MPMAP-I, MPMAP-II and MPMAP-III, respectively. **p <0.01,
compared with the control group, the difference was statistically significant.

TaBLE 1: Analysis of the variance of the fitted quadratic regression models.

Source Sum of squares df Mean square F-value p value

Model 438.32 9 48.7 39.22 < 0.0001

A 36.12 1 36.12 29.09 0.001

B 3.14 1 3.14 2.53 0.1559

C 173.82 1 173.82 139.99 < 0.0001

AB 0.6972 1 0.6972 0.5615 0.4781

AC 52.93 1 52.93 42.62 0.0003 Signiﬁcant
BC 13.4 1 13.4 10.79 0.0134

A? 98.63 1 98.63 79.44 < 0.0001

B? 5.64 1 5.64 4.54 0.0705

C? 41.58 1 41.58 33.49 0.0007

Residual 8.69 7 1.24

Lack of fit 3.86 3 1.29 1.07 0.4572

Pure error 4.83 4 1.21

Cor total 447.01 16 Not sienifi

R 0.9806 gnificant
Adjusted R? 0.9556

CV (%) 0.8863

agreement with the adjusted R? of 0.9556. Moreover, the According to the F-value, the order of influence of ex-

coefficient of variation (CV) was less than 10%, which traction conditions on TPC is C (liquid/solid ratio) > A
manifested the good precision and reproducibility of (time) > B (temperature). The response diagram of the re-
the model. gression equation is shown in Figures 2(e), 2(f), and 2(g).



The significant terms in the model equation were linear
terms of A and C and quadratic terms of AC, BC, A%, and C?
(Table 1). The quadratic model of the response was expressed
as follows:

Yope = 130.02 + 2.12A + 0.6262B + 4.66C
~ 0.4175AB — 3.64AC + 1.83BC (6)

— 4.84A* —1.16B* - 3.14C>.

The optimal extraction conditions were 139.939 min,
83.5544°C, and 29.4195 mL/g liquid-to-solid ratio, and the
TPC yield was estimated to be 132.207 mg/g. According to
the needs of practical application, the specific extraction
conditions of subsequent sample was adjusted to 60%
ethanol, 140 min, 85°C, and 30 mL/g liquid-to-solid ratio.

3.3. FT-IR Characterization. As FT-IR spectra are shown in
Figures 2(h), 2(i), and 2(j), three samples had polyphenol
characteristic absorption peaks, consistent or close to each
other, with dense absorption peaks from 1800 to 500 cm™".
The broad and strong absorption of MPMAP-I at 3409 cm™"
was caused by O-H stretching vibration, indicating that
there may be phenolic hydroxyl groups in the sample [34].
The peaks at 1344, 966, 870, and 762 cm ™! corresponded to
the bending vibration of C-H, where 966, 870, and 762 cm !
were the out-of-plane bending vibration of C-H [35, 36].
The peak at 1718 cm™ was a bending vibration of C=0,
indicating that the sample may contain flavonoids [34]. The
peaks at 1616, 1514, and 1448 cm ™" were the C=C stretching
vibration on the benzene ring [21, 37], and the peaks at 1209
and 1034cm™" were the C-O stretching vibration, which
might be the phenolic group [36, 37].

Similar to MPMAP-1, MPMAP-II and MPMAP-III also
had O-H stretching vibration, C-H bending vibration, C=O
bending vibration, C=C stretching vibration, and C-O
stretching vibration. The corresponding peaks are shown in
Table 2, and the shift of some absorption peaks might be due
to the difference in the specific structure of the polyphenol in
the samples.

3.4. The Components of MPMAP-I, MPMAP-II, and
MPMAP-III. As shown in Supporting Figure S1(A-C),
the retention time and peak area of MPMAP-I, MPMAP-II,
and MPMAP-III were different, indicating that the mac-
roporous resin HPD600 could be used to separate the
compounds, which made the composition differences
among the three samples evident. As shown in Table 3, the
main chemical constituents of MPMAP-I, MPMAP-II, and
MPMAP-IIT were polyphenols. However, with the exception
of MPMAP-I and MPMAP-II, which both contained
6,4'-dimethoxyisoflavone-7-glucoside (Wistin), the other
components varied, further indicating that the crude ex-
tracts were well separated. Notably, MPMAP-I and
MPMAP-II contained a greater variety of polyphenolic
compounds. Specifically, MPMAP-I contained swertiaja-
ponin, kaempferol 3-O-sophoroside, epihesperidin,
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ficuflavoside,  guaijaverin,  8-prenylnaringenin, and
6,4'-dimethoxyisoflavone-7-glucoside ~ (Wistin),  while
MPMAP-II contained corilagin, hesperetin-7-O-rutinoside,
biflavonoid-flavone base +30, flavone base+20 +1MeO,
3-O-neohesperidoside kaempferol, luteolin-6-C-glucoside,
silychrystin, 6,4'-dimethoxyisoflavone-7-glucoside (Wistin),
and cynarin. In contrast, MPMAP-III had relatively fewer
polyphenols, including Procyanidin B1, hesperidin, cirsiliol,
scutellarein-7-glucuronide, and feruloyl hexoside (isomer of
849). These polyphenols exhibit excellent antioxidant and
anti-inflammatory effects, and their natural activities will
play an important role in subsequent experiments.

3.5. Antioxidant Activity

3.5.1. ABTS-" Scavenging Ability. ABTS." are dark radicals
that accept hydrogen radicals or electrons to form molecules
with a discoloration effect [22]. As shown in Figure 2(k), the
effect of MPMAP-I on scavenging ABTS-* was close to that
of VC, and MPMAP-I>MPMAP-II > MPMAP-III. The
scavenging activity of ABTS." from all three samples was
concentration-dependent and consistent with that of posi-
tive control VC at 100 pg/mL.

3.5.2. DPPH- Scavenging Ability. -DPPH, as a kind of stable
free radical, has a single electron, so it can accept an electron
or hydrogen ion and has a maximum absorption at
a wavelength of 517nm. In the presence of free radical
scavengers, the single electron of DPPH is captured and its
color becomes lighter. The decrease of absorbance level
indicates the increase of antioxidant capacity, so as to
evaluate the antioxidant capacity of the test sample [24]. In
Figure 2(1), the DPPH- scavenging effect of MPMAP-III was
better than that of MPMAP-II and MPMAP-I. From 50 to
800 ug/mL, DPPH.- scavenging rates were 46.81%-73.65%,
43.54%-68.27%, and 43.49%-59.59%, respectively. How-
ever, the effect of the three was slightly weaker than that
of VC.

3.5.3. -OH Scavenging Ability. -OH are the most active type
of ROS, which can react with all neighboring biomolecules,
such as lipids, proteins, and carbohydrates, leading to
varijous diseases [23]. -OH scavenging effect was ranked as
MPMAP-II > MPMAP-1> MPMAP-III, all showing a con-
centration dependence. Among them, MPMAP-II was more
effective than VC, and the clearance rate of -OH was 16.18%-—
49.95% at 50-800 pg/mL (Figure 2(m)).

3.5.4. O, Scavenging Ability. The scavenging activity of
-0, was concentration-dependent for all three samples
(Figure 2(n)). At the concentration of 50-400 pg/mL, the
-0, scavenging rates of the three samples were higher than
that of the corresponding concentration of VC, but at
800 pug/mlL, the -O,” scavenging rates of the three samples
were 51.08% (MPMAP-I), 35.03% (MPMAP-II), and 42.35%
(MPMAP-III), respectively, lower than that of VC.
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TaBLE 2: Vibration absorption peaks and corresponding functional groups of MPMAP-1, MPMAP-II, and MPMAP-III.

Wavenumber (cm™)
Sample .
O-H C-H C=0 C=C (Aromatic) C-0

MPMAP-I 3409 1344, 966, 870, 762 1718 1616, 1514, 1448 1209, 1034
MPMAP-II 3419 2929, 1336, 968, 870, 762 1718 1618, 1510, 1448 1209, 1078, 1036
MPMAP-III 3440 2926, 2854, 1349, 868, 760 1716 1621, 1508, 1450 1199, 1078

3.5.5. FRAP. Under acidic conditions, Fe’* forms a complex
with TPTZ, in which ferric ions are reduced to divalent ions
by reducing agents, and the solution changes from yellow to
bright blue [22]. The FRAP values of MPMAP-I were all
higher than those of VC at 50-400 ug/mL and slightly lower
than that of VC at 800 pg/mL. Similarly, the FRAP values of
MPMAP-II and MPMAP-III at low concentrations were also
higher than those of VC, and the FRAP values increased as
the sample concentration increased (Figure 2(0)).

3.5.6. Total Reducing Power. In the concentration range of
50-800 ug/mL, the total reducing power of MPMAP-I and
MPMAP-II was greater than that of VC. The total reducing
power of the three samples was ranked as MPMAP-
I > MPMAP-II > MPMAP-III (Figure 2(p)).

3.6. MPMAP-I Inhibited the Hepatotoxicity of L02 Cells In-
duced by H,0,. In order to explore the cytotoxicity of
MPMAP-I, MPMAP-II, and MPMAP-III, L02 cells were
treated with different concentrations for 24 h and detected
by MTT assay. As shown in Figure 3(a), MPMAP-I,
MPMAP-II, and MPMAP-III showed no obvious cytotox-
icity to L02 cells. The viability of L02 cells treated by
MPMAP-III, ranging from 79.49% to 90.08%, was lower
than those of the other two samples.

Next, L02 cells were incubated in different concentrations
of H,0, (50-1000 uM) for 4 h. As shown in Figure 3(b), H,0O,
exposure resulted in a dose-dependent decrease in the viability
of LO2 cells. Compared with the control group, the survival rate
of L02 cells at 800 uM H,0, was 51.76%. Therefore, 800 uM
H,0, was used to establish the L02 cell damage model.

Afterward, as shown in Figure 3(c), MPMAP-I at the
concentration of 25-400 pg/mL could effectively increase the
viability of H,0,-induced L02 cells by 23.75%-39.29%
compared with the control group in a dose-dependent
manner. At 100-400 pg/mL, MPMAP-II and MPMAP-III
also had a better effect on cell viability, but not as obvious as
MPMAP-I. Therefore, the further experimental in-
vestigation would be conducted for MPMAP-I.

3.7. MPMAP-I Alleviated L02 Cells Oxidative Stress and
Hepatocellular Injury Induced by H,O,. The activities of
SOD, CAT, GPx, content of MDA, and activities of GOT and
GPT were determined to evaluate the antioxidant and liver
protective effects of MPMAP-I on H,0,-induced oxidative
stress in LO2 cells.

As shown in Figures 3(d), 3(e), and 3(f), the activities of
SOD, CAT, and GPx in the model group were significantly
lower than those in the control group, indicating that H,0,

damage increased the level of oxidative stress in the cells.
After treatment with different concentrations of MPMAP-I,
the activities of SOD, CAT, and GPx in the cells were in-
creased to varying degrees. Compared with the model group,
the activities of SOD and CAT (200 and 400 ug/mL
MPMAP-I treatment) were significantly increased (p < 0.01)
in a dose-dependent manner. Moreover, the activity of GPx
was significantly improved after MPMAP-I treatment.
400 pg/mL MPMAP-I treatment could restore the activity of
GPx to 0.16 U/mgprot, which was close to that of the control
group (0.18 U/mgprot), but it was not dose-dependent.
MDA is a product of lipid peroxidation, which is positively
correlated with ROS level and can indirectly reflect the
damage degree of cell membrane [26]. As can be seen from
Figure 3(g), the MDA level of L02cells significantly de-
creased from 1.58 uM/mgprot in the model group to
0.49 puM/mgprot after treatment with 200 pg/mL MPMAP-I.
These results indicated that MPMAP-I could effectively
relieve the oxidative stress of L02 cells induced by H,0,.

Aminotransferase GOT and GPT are the most com-
monly used indicators of liver function. They are mainly
distributed in liver cells. If liver cells are damaged, the in-
tracellular GOT and GPT will leak to the outside of the cell,
and the increase in the extracellular level of the two is
positively correlated with the degree of liver cell damage
[38]. As shown in Figures 3(h) and 3(i), compared with the
cells in the control group, the activities of GOT and GPT in
the model group after H,0,-induced injury were signifi-
cantly increased to 5.66 and 52.38 U/gprot, respectively
(p<0.01), indicating that the H,O, damage model was
successfully established. After the intervention with different
concentrations of MPMAP-I, the activities of GOT de-
creased significantly compared with the model group. When
MPMAP-I was 400 pg/mL, the activity of GOT decreased to
1.19 U/gprot at the lowest level, indicating that the repair
effect on L02 cells was obvious. Similarly, MPMAP-I could
significantly reduce the activity of GPT in a concentration-
dependent way. It is noteworthy that when MPMAP-I was
400 ug/mL, the activity of GPT was reduced to 18.23 U/
gprot, indicating that MPMAP-I could effectively prevent
H,0,-induced damage to L02 cells.

3.8. Effect of MPMAP-I on Intracellular ROS and Apoptosis
Rate. Excessive ROS attacks intracellular biological mac-
romolecules, including proteins and nucleic acids, eventu-
ally leading to mitochondrial dysfunction and apoptosis
[29, 39]. Part of the natural antioxidant helps to reduce the
occurrence of ROS and protect cells from damage [28]. As
shown in Figures 4(a) and 4(d), the ROS level of L02 cells in
the model group was significantly increased after H,O,



Journal of Food Biochemistry

10

sprouadianq 6€88°80T ‘IS81'SOT  8LTE€TF  0TOV¥T¥ 19°S1 OTO¥YeH) q apHo3uID 41
SpIOE dIjoudyq 96TE'SSE ‘09ST'SSE  T18ST'SSE  0LTE9SE Trst SQ%H'D (6%8 JO IoWOST) IpIsOXaY [KO[NIS] 1
sprouoae[] TLLI'PST “189T°€8T  906T°6SF  86L0°T9F L0°ST SOSTHD 3pIUOININ{3-/-UIRIB[INOSG 01
sprofeq[y $950°81F ‘9S6T°L0€  8PSTL09  0889'809 €9%1 SON"HD urd1as9108] 6
SapLIeydOeg 9120°L61 ¥669°L6  800T6E€  1966°6£€ 6V'C1 de'O""'H?D areydsoydip-9°1 2s03on1] 8
sprofe[y 8T€0'¢8T ‘TSTOE8T  086T°6€€  0ETHOFE iZaal EONFEHY D proe JIquIyox L -dVININ
sprofeq[y €0S0°STT ‘L810°€81  SOTTITE  080%TTE LTTT CONFHYD sunnupIes 9
sprouadrayuy, L8LO'SET ‘TWIT'STT  98€S'ST6  6£TS'9T6 1811 LIO3HD D uruodesoxres S
ssuoumbeigyuy T9TTS6T 9S0T'SLT  1TLTLLS  0€TS'8LS 0¢'8 IO H4D Udd-X9H-O ‘O°NT ‘HOI ‘OT1+93seq suoumbeiyjuy 4
SprouoAe[] 9500°STE ‘SS00FIE  L0£0°67E  0FL0°0€E 679 LOMTHAD [OT[ISI1D) €
SpIOUOAR[] LLT0'E8T 0S0T9LT  9666°00€  06L0°C0€E 91’9 °O"H°'D unadsay 4
sprouoae[] €861°STY 80ST' L6 6TETLLS PTHI'8LS S1'9 %D 1q urpruedooig I
Sp1oe d1jousyq 60€T'TSE ‘SEETTISE  TSSE'SIS  0SSH91S 9%'ST LOTHTD uLreud) 01
sprouoae[] SOLI'H8T ‘CILT'E8T  S68T'6SF  69€1°09% 6671 OTOPTHED (unsip) Sprsoon[3-,-auoAejosifxoyrowid- 79 6
sprouadiajiiy, 9TEC69F ‘60SELTH  TEEE69F  96€€°0LY 9T¢l YOYHD proe oruney14o4[8-e39g -1 8
sprouoae[] €H0€'80€ ‘T6ITEST  €09T' 187 OTFF' 8% 8%°6 OTOTTHD unsAIydATIS L
sayedn(uod pue spoe Aned  9/ETL6€ ‘ISITLLT  819€°SL9  0L9E9L9 €0'6 YIO%H*D (LNd) (1 19wosT) [01204]3-Us-[A0USTIEIIPEIN0-I[D-O[D) 9 )
sprouoae[] 08YT'66€ ‘TOSTSIE  IFETLFY  008€8HF 692 Yo RS o) ap1soon[3-)-9-uroan| S FdVINdIN
SpIOUOA®R[] £810°00€ ‘OTET'TIT  899T°€6S  S8STH6S 6.9 104D [oxaydwoey apIsopLIadsayoaN-O-¢ i2
SpIOUOA®[] TLVTISS ‘SLYO'EPE  $SSTISS  016%°7SS 06'S OIQ%H™D  Q9NT+OT+3seq SUOAR[) PUB O¢+3SBq JUOAB[-PIOUOARYIY ¢
SprouoAe[j €870°00€ ‘THTOLFT  S8PT'609 8681019 19°€ SIOTEHD apIsounnI-Q-/£-undiadssy 4
SPIOE dI[OUdY STHO'E9F 0666'00€  FI90°€E9  $S60°F€9 69°0 SIOTCH4D urse[o) I
sprouoae[q 8ILTP8T ‘TTLT'E8T  116T°65F  69€T°09% S0'ST OTOPTHED (UnSIM) 9pISodN[3-£-dUOARPOSIAXOYIPWI- H*9 €1
prouedoidifuayq ISTIHOT ‘€STT'E9T  SPET6EE  0F8TOFE L8°€T S0°'H "D arefewr [fodeuts-Q-z A4
SULIRWNO)) 0596°08T ‘€STT'S8  0T0T'6EE  0V8TOPE €8°C1 SO°TH*'D WnuImIsay 1
sprouoae[] EPSLEET ‘STIOTIST 166165 TICTOPE 94Tl SO%H"D uruadunreuifuaid-g 01
Sprouaqig CIET'SET ‘SHPSTTTLT  9SLI'E6T  0TITH6T 658 O%H"D D urdisiduo] 6
sprouoae[{ 1¥766°00€ ‘TF66°'1LT  099T€EF  0S80°FEF 80 OSTHY) upIaAe(renn 8
sayednluoo pue spoe Ane  LIPI'6CC VISTIIC  PPET6TE  OTHTOEE 769 SOYEHD proe oIpuld L I-dVINdIN
sojedn(uod pue spoe Anel  QIET'TIC ‘6601 14T  TISTLIE 0STTSTE 159 SOYH®D PR JI0UAIP-GT 0 -BI9PBIDOAXOIPAYUL-€TTT'6-(ZST*HO0T) 9
sprouadiayiq TL66°00€ T966'9TC  S866°00€  0STTTOE €Sy ¢Q%H%D pIoe d1eIusunuo) S
sprouoae[] ¥880°CTF “1LV0°€6T  HTHT'EI9S  08PTH9S ¥0¥ TIOSTHYD SPISOAR[JNOL] i4
sprouoae[] 89€0°70€ ‘89€0°T0E  €9V1'609  L681°019 LLE SIOTEHSD urprradsayidg €
sprouoae[] TSPI'609 9€0'6TF  6SFT'609  0SSTOT9 19°¢ TOH4D apisoroydos-O-¢ [oraydwaey] 4
SpIOUOA®R[] THPO'CTE ‘6605°86C  €OV0'I9%  09T1°C9% 9T’¢ TOTH®D uruodefenomg 1
suor suor
sse[D u:o:_mwum Eouu.m SSeIA (urar) 1.9 e[nuLIoq saffeuy ‘ON

TI-dVINAIN PU® “TI-dVINAIN ‘T-dVINdIA JO sjuauodwod [edruayp urew ) Sujnuspt 10§ poyiawr SN/SIN-0TdN € a18V],



Journal of Food Biochemistry

160 — 120

11

140 . -I- -l- 100 4 = »
-I- 100 ~ I e o Wk [
_ 120 A n = e 30 4 4
€ 100 4 ‘I‘ £ 807 £ o
S = = o [ e
= | = = 60 1 :
3 80 g: - — 2 60 woo k- # | s
Z 60 = z N
3 3 3]
40
20 20
20
0 T — . — 0 T T T 0 T -
25 50 100 200 400 50 100 200 400 600 800 1000 ControlModel 25 50 100 200 400
Concentration (pg/mL) Concentration of H,0, (M) Concentration (pg/mL)
[ MPMAP-I ] MPMAP-I
[ MPMAP-II [ MPMAP-II
B MPMAP-III B MPMAP-III
(a) (b) (c)
0.8 - 3.0 - 0.25
Kk
g el E 020
%’ 0.6 - sox L s sox il .
S S 1) ok
& 8 2.0 o a
K 2 ## 2 0.15
% 0.4 - . ok 5 154 =)
=
2 = £ 0.10 4
] £ 1.0 B
S 0.2 - ## = g ##
=% -
3 . S o054 & 005 .
0.0 T T T 0.0 T T T 0.00 . :
Control  Model 100 200 400 Control  Model 100 200 400 Control  Model 100 200 400
Concentration of MPMAP-I (ug/mL) Concentration of MPMAP-I (ug/mL) Concentration of MPMAP-I (ug/mL)
(d) (e) (f)
1.8 4 79 60 ##
£ ##
5 1.6
2 6 ## 50
1.4 g 5
; g 5 f’a‘ *
£ 12 4 2 . 2,40 ~ o
= o5 0
1.0 S5 4 =)
K =) 5
= s = 2 30 4
£ 03 g &
I £ £
- 1% 9 -
§ 0.6 o E " 5
3 0.4 8 % ST
1 N
00 T T T 0 T T 0
200 400

Control  Model 100 Control  Model

100 200

T T T
400 Control  Model 100 200 400

Concentration of MPMAP-I (ug/mL)

(g

Concentration of MPMAP-I (ug/mL)

(b)

Concentration of MPMAP-I (ug/mL)

()

FiGURre 3: Effect of MPMAP-I, MPMAP-II, and MPMAP-III on H,0,-induced L02 cells, and MPMAP-I reduced H,0,-induced oxidative
stress and the activities of transaminases. (a, b) The viability of L02 cells after treatment with various concentrations (25-400 ug/mL) of
MPMAP-I, MPMAP-II, and MPMAP-III for 24 h or H,0, (50-1000 pM) for 4 h, respectively, as detected by the MTT assay. (c-i) The cells
were treated with different concentrations (100-400 ug/mL) of MPMAP-I for 24 h and then exposed to H,O, (800 uM) for 4 h. The viability
of cells was analyzed by the MTT assay (c). Effects of MPMAP-I on the activities of SOD (d), CAT (e), GPx (f), the content of MDA (g), and
the activities of GOT (h) and GPT (i) in H,O,-treated L02 cells. ** P <0.01 compared with the control group; *p < 0.05, “* p < 0.01, compared

with the model group, the difference was statistically significant.

treatment, which was 2.16 times that of the control group.
After treatment of MPMAP-I, the ROS level of L02 cells
showed a dose-dependent decrease, and the ROS level after
200 pug/mL treatment was comparable to that of the control
group, while the ROS level after 400 ug/mL treatment was
0.83 times of that of the control group. These results in-
dicated that MPMAP-I could effectively reduce the ROS
level in LO2 cells and alleviate the oxidative stress damage
caused by H,O,.

Cell apoptosis is shown in Figures 4(b) and 4(e). The four
quadrants from the lower left to the upper left counter-
clockwise in each figure show cells in normal, early apo-
ptotic, late apoptotic, and necrotic states, respectively. In the
control group, the apoptosis rate of L02 cells was 2.27%,
while in the model group, the apoptosis rate was significantly
increased to 3.31%. After the addition of MPMAP-I in-
tervention, the apoptosis rate decreased in a concentration-
dependent manner, and the apoptosis rate of 400 ug/mL
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FIGURE 4: Detection of intracellular ROS, apoptosis rates, and MMP of L02 cells stimulated by H,O,. The cells were treated with different
concentrations (100-400 pg/mL) of MPMAP-I for 24h and then exposed to H,O, (800 uM) for 4h. (a) Flow cytometry analysis of in-
tracellular ROS levels with DCFH-DA. (b) Flow cytometry analysis of apoptosis after double staining with Annexin V-FITC/PI. The upper
right quadrants and the lower right quadrants represent number of the late apoptosis cells and early apoptosis cells, respectively. (¢) MMP in
JC-1-stained LO2 cells, detected by inverted fluorescence microscopy. Scale bar =200 um. (d-f) Quantitative analysis of the mean DCF
fluorescence intensity, the apoptosis rate in L02 cells, and the mean fluorescence intensity of JC-I aggregates/monomers. **p <0.01
compared with the control group; **p <0.01, compared with the model group, the difference was statistically significant.
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F1GuRre 5: Effects of MPMAP-I on mRNA expression of apoptosis-related and oxidative stress-related genes in H,O,-injured L02 cells. The
cells were treated with different concentrations (100-400 ug/mL) of MPMAP-I for 24 h and then exposed to H,O, (800 uM) for 4 h. Relative
mRNA levels of Bax, Bcl-2, Bcl-2/Bax (a), p53, caspase-3, Nrf2, and y-GCL (b). ##p <0.01 compared with the control group; “p <0.05,
**p<0.01, compared with the model group, the difference was statistically significant.

treatment was reduced to 2.25%, which was close to the
control group and significantly different from the model
group (p <0.01).

3.9. MPMAP-I Restored MMP in H,0,-Induced L02 Cells.
The change in MMP can be used as an early indicator of cell
damage [29]. In order to explore the effect of MPMAP-I on
MMP, the experiment adopted the JC-1 probe detection of
L02 cell MMP. As shown in Figures 4(c) and 4(f), compared
with the control group, the red fluorescence intensity of
H,0,-treated L02 cells was decreased, and the green fluo-
rescence intensity was significantly enhanced, indicating
that the cells in the model group were subjected to oxidative
damage and the MMP was decreased. However, after
treatment with MPMAP-I, the ratio of red/green fluores-
cence level of L02 cells was higher than that of the model
group, demonstrating that MPMAP-I could protect mito-
chondrial function and protect L02 cells from oxidative
damage caused by H,O.,.

3.10. mRNA Expression of Apoptosis and Oxidative Stress
Genes. Existing research showed that the mitochondrial
apoptosis pathway mediated damaged liver cell apoptosis
[40]. Caspase-3 as the key enzyme of the mitochondrial
apoptosis pathway could be activated in the early apoptosis,
while the overexpression of p53 would activate downstream
apoptotic genes accelerated apoptosis [41]. Oxidative stress
is recognized as one of the important factors that lead to liver
disease. Nrf2 is a key regulator of oxidative stress in a variety
of cells including hepatocytes [42, 43]. In order to investigate
the mechanism of apoptosis in H,0,-induced L02 cells, the

mRNA expressions of Bax, Bcl-2, p53, and caspase-3 were
analyzed by qRT-PCR.

As shown in Figure 5(a), the mRNA expression level of
Bax was significantly increased, and the ratio of Bcl-2/Bax
was significantly decreased in the model group. However,
after MPMAP-I intervention, Bax mRNA expression was
observably decreased while the ratio of Bcl-2/Bax was sig-
nificantly increased, but no significant dose-effect re-
lationship was found. In addition, compared with the
control group, H,0, induction also notably upregulated the
mRNA expression levels of p53 and caspase-3, while the
mRNA expression levels of MPMAP-I treatment were sig-
nificantly decreased, even lower than those of the control
group (Figure 5(b)). It can be seen from the above results
that MPMAP-I could inhibit p53 overexpression, increase
the ratio of Bcl-2/Bax, two key genes in the downstream of
p53 mediating mitochondrial apoptosis pathway, and finally
interfere with the cascade activation of caspase-3, thereby
inhibiting apoptosis caused by H,0, injury.

Plus, the mRNA expressions of Nrf2 and y-GCL in the
model group were significantly decreased, while the ex-
pressions of the corresponding genes were significantly
upregulated after MPMAP-I treatment (Figure 5(b)). These
results suggested that MPMAP-I might protect against
oxidative stress induced by H,O, by activating Nrf2-
mediated antioxidant pathway.

4. Conclusion

According to the results of RSM, the MPMA were extracted
by 60% ethanol, 140 min, 85°C, and liquid-to-solid ratio of
30mL/g. After purification with macroporous resin
HPD600, the samples were MPMAP-I, MPMAP-I],
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MPMAP-III, and the TPC contents were 423, 413, and
228 mg/g, respectively. FT-IR results showed that the three
samples differed in their chemical structures, but all had the
IR characteristics of polyphenols. In the same way, the re-
sults of UPLC-MS/MS showed that there were clear dif-
ferences in the types of polyphenols among the three
samples, indicating that the macroporous resin HPD600
could be used to separate the compounds, which made the
composition differences among the three samples evident. In
addition, these three samples showed potential in vitro
antioxidant activities but with different effects, and
MPMAP-I had better antioxidant activities overall.
MPMAP-I also showed better hepatoprotective activity than
MPMAP-II and MPMAP-III, which may be related to its
more abundant compounds or content. Cell experiments
showed that MPMAP-I had a better hepatoprotective effect.
L02 cells pretreated with different concentrations of
MPMAP-I showed a certain resistance to oxidative stress
induced by H,O,. The results showed that MPMAP-I might
inhibit the overexpression of p53, increase the ratio of Bcl-2/
Bax, and eventually interfere with the activation of the
caspase-3 cascade to inhibit H,O,-induced apoptosis. At the
same time, MPMAP-I might also protect against H,O,-
induced oxidative stress by activating the Nrf2-mediated
antioxidant pathway. The above experimental results also
could be validated by further research, to clarify the mo-
lecular mechanisms of observed biological activities.

While our earlier preprint [44] highlighted the protective
effects of MPMA polyphenols against H,0,-induced liver
injury in L02 cells, the exact composition of these polyphenols
was not identified. In this study, UPLC-MS/MS analysis
allowed us to pinpoint the specific components of each frac-
tion, paving the way for future in-depth investigations into
individual compounds. At present, there are not many in vivo
studies of MPMA. Early studies showed that MPMA extracts
were shown to have antioxidant, antiatherogenic, and chol-
eretic effects in animal experiments and clinical observations
[16]. In addition, MPMA extract has been used to reduce liver
injury and lipid accumulation in NAFLD rats, but the prep-
aration process of the extract has not been given [45]. Recent
studies have found that MPMA polyphenols can inhibit oxi-
dative stress in diabetic mice by activating Keapl/Nrf2/ARE
signaling pathway [46]. These results indirectly supported the
potential in vivo antioxidant and body protective effects of the
components in this study. Our study provides the specific
preparation process and component analysis of the extract,
which is conducive to further in vivo studies of related active
substances. Further research is needed to elucidate the mo-
lecular mechanisms underlying the observed biological activ-
ities and to explore the potential therapeutic applications of
MPMA polyphenols in oxidative stress—related liver diseases.

Nomenclature

Bax Bcl-2-associated X protein
Bcl-2  B-cell lymphoma-2

CAT Catalase

(Y% Coefficient of variation

DMEM Dulbecco’s modified Eagle’s medium

Journal of Food Biochemistry

FBS Fetal bovine serum
FRAP  Ferric reducing antioxidant power

GOT  Glutamic oxaloacetic transaminase
GPT Glutamic pyruvic transaminase
GPx Glutathione peroxidase

MDA  Malondialdehyde

MMP  Mitochondrial membrane potential

MPMA Mallotus peltatus (Geiseler) Mull. Arg.
NAFLD Nonalcoholic fatty liver disease

NASH Nonalcoholic steatohepatitis

Nrf2 Nuclear factor erythroid 2-related factor 2
PBS Phosphate-buffered saline

PS Phosphatidylserine

ROS Reactive oxygen species
RSM Response surface method
SOD Superoxide dismutase
TPC Total phenolic content
v-GCL  y-Glutamylcysteine ligase
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