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Abstract: Prunus mume blossom is an edible flower that has been used in traditional Chinese medicine
for thousands of years. Flavonoids are one of the most active substances in Prunus mume blossoms.
The optimal ultrasonic-assisted enzymatic extraction of flavonoids from Prunus mume blossom
(FPMB), the components of FPMB, and its protective effect on injured cardiomyocytes were investi-
gated in this study. According to our results, the optimal extraction process for FPMB is as follows:
cellulase at 2.0%, ultrasonic power at 300 W, ultrasonic enzymolysis for 30 min, and an enzymolysis
temperature of 40 °C. FPMB significantly promoted the survival rate of cardiomyocytes and reduced
the concentration of reactive oxygen species (ROS). FPMB also improved the activities of proteases
caspase-3, caspase-8, and caspase-9 in cardiomyocytes. The cardiomyocyte apoptosis rate in mice
was significantly reduced by exposure to FPMB. These results suggest that the extraction rate of
FPMB may be improved by an ultrasonic-assisted enzymatic method. FPMB has a protective effect
on the injured cardiomyocytes.

Keywords: ultrasonic-assisted; enzymolysis extraction; Prunus mume blossom; immune regulation

1. Introduction

Prunus mume is an edible flower used in traditional Chinese medicine. It is commonly
used to prevent and treat various infections and inflammation, having antibacterial and
anti-inflammatory effects [1]. Prunus mume blossoms have high medicinal value and health
care functions. Flavonoids are some of the most active substances in Prunus mume blossoms.
As anatural product mainly found in plants, flavonoids have many important physiological
and biochemical effects due to their unique chemical structure [2]. The active ingredients of
many traditional Chinese medicinal materials are flavonoids [3,4]. Flavonoids improve the
blood circulation of the human body and are a strong antioxidant, effectively eliminating
free radicals in the body with a protective effect on cell aging and degradation [5-7].

China is one of the major countries in the production and utilization of Prunus mume
blossom [8]. The extraction, identification, and use of flavonoids from the Prunus mume
blossom are of great significance. An enzyme solution was used to damage the cell walls of
the plant tissue when the flavonoids were extracted, thereby improving the effectiveness of
the extraction [9-11]. The extraction rate of flavonoids improved after adding enzymes into
the ground Prunus mume blossom powder. Enzymic extraction provides the advantages
of simple operation and mild reaction conditions. However, the sheer force extracted by
the enzyme method is insufficient to destroy the plant cell wall, causing a low extraction
rate [12,13]. An ultrasonic wave is a type of mechanical wave with a short wavelength.
Ultrasound can break or dissolve cell walls and membranes, releasing flavonoids from the
plants [14-16].
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Therefore, the purpose of this study was to use ultrasound to enhance the enzymatic
extraction effect of flavonoids from Prunus mume blossom (FPMB). The components of
FPMB were identified by high-performance liquid chromatography (HPLC). Furthermore,
we studied the effects of FPMB on cardiomyocyte activity; the concentrations of reactive
oxygen species (ROS); the concentrations of proteases caspase-3, caspase-8, and caspase-9;
and the cardiomyocyte apoptosis of mice. These results provide a reference for the extrac-
tion and biological activity of FPMB.

2. Results and Discussion
2.1. Single-Factor Test Results

At a temperature of 40 °C, ultrasonic power of 300 W, and ultrasonic time of 40 min,
cellulase with the mass percentage of 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, and 3.0% was added
to conduct the extraction experiment of FPMB. The results are shown in Table 1. Under
the conditions of 2.0% cellulase, 300 W ultrasonic power, and 40 min ultrasonic time, the
extraction experiments of FPMB were conducted at the hydrolysis temperatures of 30,
35, 40, 45, 50, and 55 °C; the results are shown in Table 1. The increase in cellulase mass
percentage and the extraction rate of FPMB gradually increased (Table S1). The reason
for this increase may be that cellulase destroys cell walls, leading to a significant increase
in the extraction rate of flavonoids. However, when the cellulase mass percentage were
2.0%, 2.5%, and 3.0%, the extraction rate of FPMB showed no significant difference. This
insignificant difference may be because the cell wall in the Prunus mume blossom fully
dissolves when the cellulase mass percentage reaches 2.0%. The extraction rate of FPMB
was the highest at the temperature of 40 °C. The extraction rate of flavonoids did not
significantly improve when the temperature continued to increase. The reason for this
phenomenon may be that the effect of 40 °C on the extraction rate of flavonoids reached
the maximum.

Table 1. Effect of cellulase mass percentage and hydrolysis temperature on flavonoids extraction rate.

Groups Extraction Rate (%)

0.5 1.80 +0.07 4
1.0 263 +0.12°¢
b

Cellulase mass percentage (%) L5 3524015
2.0 581+0.262
2.5 583 +0.232
3.0 592+0.192
30 375+011°¢
35 4.82+£0.26°
. 40 563 +0.282

Hydrol t t °

ydrolysis temperature (°C) 45 565 4 0062
50 558 +0.192
55 549 +0.152

Results are mean =+ standard deviation. Different lowercase letters in the same column within the same sample
express significant differences (p < 0.05).

Under the conditions of 2.0% cellulase, 40 °C hydrolysis temperature, and 40 min
of ultrasonic time, the FPMB extraction experiments were conducted at the ultrasonic
power of 200, 250, 300, 350, 400, and 450 W. The results are shown in Table 2. Under the
conditions of 2.0% cellulase, 40 °C hydrolysis temperature, and 300 W ultrasonic power,
the FPMB extraction experiments were conducted at the ultrasonic times of 20, 30, 40, 50,
60, and 70 min. The results are shown in Table 2. As can be seen from the table, with the
increase in ultrasonic power, the extraction rate of FPMB gradually increased (Table S1).
However, when the ultrasonic power reached 300 W, the extraction rate of FPMB no longer
increased and trended downward. This may be because the ultrasonic power was too high,
destroying some of the flavonoids. The extraction rate for FPMB gradually increased with
the increase in ultrasonic enzymolysis time. However, when the ultrasonic enzymolysis
time surpassed 40 min, the extraction rate of FPMB did not change; this may be because the
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effect of ultrasonic enzymolysis time on the extraction rate of FPMB reached the maximum.

Table 2. Effect of ultrasonic power and time on flavonoids extraction rate.

Groups Extraction Rate (%)

200 3.69+011°¢

250 5.07 +0.15°

a

Ultrasonic power (W) ggg 2}8 i 8%2 a
400 591 +0.21°2

450 5.85+0.172

20 427 +0.16°¢

30 5124+ 026"

a

Ultrasonic time (min) ég 2?? i 851 a
60 6.15+ 0.16 2

70 6.23 +0.222

Results are mean = standard deviation. Different lowercase letters in the same column within the same sample
express significant differences (p < 0.05).

2.2. Orthogonal Test Results

According to the single-factor test results, cellulase concentration, enzymolysis tem-
perature, ultrasonic power, and ultrasonic-assisted enzymolysis time were considered as
factors. Each factor was designed with three levels. The concentration of the cellulase was
1.5%, 2.0%, or 2.5%. The enzymolysis temperature was 35, 40, or 45 °C. The ultrasonic
power was 250, 300, or 350 W. The ultrasonic-assisted enzymolysis time was 30, 40, or
50 min, respectively. The test results are shown in Table 3, and the variance analysis results
are shown in Table 4.

Table 3. The results of the orthogonal test.

Number Cellulase Mass Hydrolysis Ultrasonic Ultrasonic  Extraction
Percentage A (%) Temperature B(°C) Power C(W) TimeD (S) Rate (%)
1 15 35 250 30 5.62
2 15 40 300 40 5.78
3 15 45 350 50 5.95
4 2.0 35 300 50 5.86
5 2.0 40 350 30 6.28
6 2.0 45 200 40 6.03
7 2.5 35 350 40 6.31
8 2.5 40 200 50 5.97
9 2.5 45 250 30 6.15
Ky 17.350 17.790 17.620 18.050
Ky 18.170 18.030 17.790 18.120
Ks 18.430 18.130 18.540 17.780
kq 5.783 5.930 5.873 6.017
ky 6.057 6.010 5.930 6.040
ks 6.143 6.043 6.180 5.927
R 0.360 0.113 0.250 0.113

Table 4. The results of the variance analysis of the orthogonal test.

Variance Degrees of Mean

Source Square Sum Freedom Square F-Value Significance
A 0.212 2 0.106 10.406 *
B 0.020 2 0.010 1.000
C 0.160 2 0.080 7.848 *
D 0.021 2 0.011 1.056
Error 0.020 2 0.010

Note: Fy 1 (2,2) = 5.00; Fo05 2,2) = 17.00. An asterisk (*) indicates significant difference with p < 0.05.
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As seen in Table 3, among the different single factors, the degree of influence on the
extraction rate of FPMB was: cellulase concentration > ultrasonic power > enzymolysis
temperature = ultrasonic-assisted enzymolysis time. Therefore, the optimal technological
conditions for the ultrasonic-assisted enzymolysis extraction of FPMB were A3;B3C3D;.
Further analysis is needed to determine whether single factors have a significant influence
on the extraction rate of FPMB.

Table 4 shows the results of the orthogonal test variance analysis. The concentration of
cellulase and ultrasonic power had a significant impact on the extraction rate of FPMB. The
effects of enzymolysis temperature and ultrasonic-assisted enzymolysis time on the extrac-
tion rate of FPMB were not significant. These results indicated that cellulase concentration
and ultrasonic power were important factors in the range of every single factor. Combined
with the previous range analysis results, from the energy-saving and time-saving perspec-
tives, B; was selected as the enzymolysis temperature and D; as the ultrasonic-assisted
enzymolysis time. Therefore, the optimal process for the ultrasonic-assisted enzymolysis
extraction of FPMB determined by orthogonal experiments was A3zB;C3Dy; namely, the
cellulase concentration was 2.0%, the temperature of enzymolysis was 40 °C, the ultrasonic
power was 300 W, and the time of ultrasonic-assisted enzymolysis hydrolysis was 30 min.

2.3. Identification of Main Components in FPMB

As shown in Figure 1, FPMB is mainly composed of three compounds. The retention
time of the three compounds was 8.60, 12.20, and 23.20 min, respectively. The peaks of
these three compounds were consistent with those of rutin, cynarin, and luteolin by HPLC
compared with mixed standard substances. The results showed that the main flavonoids
in FPMB were rutin, cynarin, and luteolin.

FPMB is a kind of new flavonoid. There were several peaks in the HPLC chromatogram
of the FPMB samples. The identification of flavonoid types in FPMB should be made using
more specific techniques. In addition, the different habitats of Prunus Mume blossoms may
lead to different types and mass percentage of FPMB. The separation and identification of
these flavonoids are difficult and must be improved in the future.

2.4. Effect of FPMB on the Cardiomyocytes” Survival Rate

Figure 2 shows the effect of FPMB on the cardiomyocytes’ survival rate in mice injured
by HO,. The survival rate of cardiomyocytes in the model group was significantly lower
than that in the control group (p < 0.05). However, the survival rate of cardiomyocytes in
the three groups with FPMB was significantly higher than in the model group (p < 0.05).
The survival rate of cardiomyocytes also increased significantly (p < 0.05) with the increase
in FPMB dose. However, the survival rate of cardiomyocytes in the FPMB-H group did not
return to the control group.

Cardiomyocytes are also known as cardiac fibers. All types of cardiomyocytes work
together to maintain the complete function of the heart [17]. The measurement of cardiomy-
ocytes activity is of great value for identifying the pathological process of heart disease [18].
In this study, H,O, significantly reduced the viability of cardiomyocytes (p < 0.05). After
the exposure of FPMB, the cardiomyocyte activity increased significantly, trending with the
increase in FPMB dose. The results mentioned above indicated that FPMB has a protective
effect on the cardiomyocytes injured by HyO,.
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Figure 1. HPLC chromatograms of mixed standards (A) and FPMB (B).
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Figure 2. Effect of FPMB on the cardiomyocyte survival for mice injured by H,O,. Different lowercase
letters (a, b, ¢, d, e) express significant differences (p < 0.05).

2.5. Effect of FPMB on the ROS Contents

Figure 3 shows the effect of FPMB on the ROS content of cardiomyocytes. The ROS
content in the model group increased by 107% compared with the control group. This result
indicated that under H,O, induction, the balance of ROS production and clearance in
cardiomyocytes was disturbed. ROS accumulated in large quantities in the cardiomyocytes.
The ROS content of the cardiomyocytes gradually recovered after exposure FPMB. In the
FPMB-H group, ROS contents of cardiomyocytes were reduced to 30% compared with
the HyO, group. This result indicated that FPMB effectively reduces the ROS content of
cardiomyocytes when consumed.

ROS refers to a class of chemically active compounds containing oxygen groups with
a strong oxidation ability that play an important role in cell signaling and homeostasis [19].
Under normal conditions, ROS production and clarity are balanced. However, during an
emergency, ROS are produced in large quantities in cardiomyocytes. ROS damage the
integrity of mitochondria and the cell membrane of cardiomyocytes, leading to oxidative
stress damage of cell membranes and inducing apoptosis [20]. In this study, the use of
hydrogen peroxide led to a significant increase in the ROS content of cardiomyocytes. When
model mice were fed FPMB, the ROS content of myocardial cells decreased significantly.
This study showed that FPMB has a protective effect on the HyO,-induced oxidative stress
injury of cardiomyocytes.

2.6. Effect of FPMB on the Activities of Caspase-3, Caspase-8, and Caspase-9

Figure 4 shows the effects of FPMB on the activities of caspase-3, caspase-8, and
caspase-9 in the injured cardiomyocytes. The activities of cardiomyocytes caspase-3, -8,
and -9 in the model group were significantly higher than those in the control group
(p < 0.05). The activities of caspase-3, caspase-8, and caspase-9 in the FPMB-L group were
not significantly different from those in the model group. This result showed that FPMB
had no significant effect on the activities of cardiomyocytes caspase-3, caspase-8, and
caspase-9 at this concentration. The activity of cardiomyocytes caspase-3, caspase-8, and
caspase-9 was significantly lower than the model group (p < 0.05) when the concentration
of FPMB increased; thus, a higher concentration of FPMB has a protective effect on injured
cardiomyocytes induced by H,O,.
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Figure 3. Effect of FPMB on the ROS contents of mouse cardiomyocytes injured by H,O,. (A) Control
groups; (B) HyO, groups; (C) FPMB-L groups; (D) FPMB-M groups; (E) FPMB-H groups.
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Figure 4. Effect of FPMB on the activity of caspase-3, caspase-8, and caspase-9 in mice cardiomyocytes
injured by H,O,. Different lowercase letters (a, b, ¢, d) in the same caspase express significant
differences (p < 0.05).

In 1994, Prins et al. [21] found that apoptosis occurs in normal adult adipocytes, reveal-
ing the existence of apoptosis in mature adipocytes for the first time. Numerous studies
have since verified that the caspase family was essential in mediating apoptosis [22,23]. In
the caspase family known currently, caspase-3, caspase-8, and caspase-9 are closely related
to apoptosis. Caspase-8 and caspase-9 are important promoters of apoptosis, and caspase-3
is an important executor of apoptosis. Caspase-3, caspase-8, and caspase-9 all play key
roles in the process of apoptosis [24]. Therefore, caspase-3, caspase-8, and caspase-9 were
selected as research objects for this study. According to the results of our experiment, the
activities of caspase-3, caspase-8, and caspase-9 in the FPMB groups were significantly
decreased compared with those of the model group. The reason for this decrease may be
due to FPMB reducing apoptosis of cardiomyocytes by decreasing caspase-3, caspase-8,
and caspase-9 activities.

2.7. Effect of on Cardiomyocytes” Apoptosis

Table 5 and Figure 5 show the effects of FPMB on the apoptosis of injured cardiomy-
ocytes. These results showed that the apoptosis rate of cardiomyocytes in the control group
was only 24.20%. However, the apoptosis rate of the HyO, model group reached 61.23%.
Therefore, the oxidative damage model induced by H,O, was successful. The apoptosis
rate of cardiomyocytes decreased significantly after being treated with different concentra-
tions of FPMB. The cardiomyocytes apoptosis rate decreased by 57% in the FPMB-H group
compared with the H,O, model group.

Table 5. Effect of FPMB on the apoptosis of mice cardiomyocytes injured by HyO,.

Groups Apoptosis Rate (%)
Control 2420 £0.67 ¢
H,O, 61.23 £1.812
FPMB-L 40.80 +1.07°
FPMB-M 30.10 £ 0.88°¢
FPMB-H 26.60 + 0.53 4

Results are mean =+ standard deviation. The total number of mice was 12. Different lowercase letters in the same
column within the same sample express significant differences (p < 0.05).
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Figure 5. Effect of FPMB on the apoptosis of mice cardiomyocytes injured by H,O,. (A) Control
groups; (B) HyO, groups; (C) FPMB-L groups; (D) FPMB-M groups; (E) FPMB-H groups.

Apoptosis is a programmed and active mode of death regulated by genes under
a normal physiological or pathological environment [25]. When external physical and
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chemical factors stimulate cells, apoptosis accelerates [26]. However, flavonoids alleviate
the occurrence of apoptosis. In this study, the apoptosis rates of mouse cardiomyocytes in
the FPMB group significantly reduced (p < 0.05) compared with the H,O, model group. The
apoptosis rate of cardiomyocytes was close to that of the control group with the increase
in FPMB dose. These results showed that FPMB has a restorative effect on the apoptosis
of cardiomyocytes.

3. Materials and Methods
3.1. Raw Materials

Prunus mume blossoms (1 year old, 99% purity) were purchased from Zhongshan
Pharmacy in Wuhu, Anhui Province, China. The clean grade male mice (12 weeks old)
were purchased from the Changzhou Cavins Laboratory Animal Co., Ltd. (Changzhou,
China). Acidic cellulase (200,000 U/g) was purchased from Anhui Yingiao Biotechnology
Co., Ltd. (Shanghai, China). Caspase-3, caspase-8, and caspase-9 kits were provided by
Seymour Fly Biochemistry Products Co., Ltd. (Shanghai, China). Hydrogen peroxide
(H0,), dimethyl sulfoxide (DMSO), Dulbecco’s modified eagle medium (DMEM), 3-(4,5-
dimethylthiazole-2)-2,5-diphenyltetrazolium bromide (MTT), and fluorescent dye 2',7’-
dichlorodihydrofluorescein diacetate (DCFH-DA) were purchased from Bomer Biotechnol-
ogy Co., Ltd. (Shanghai, China). All other reagents were analytically pure.

3.2. Extraction of FPMB

The Prunus mume blossom was dried using a microwave (600 W, 34 min) and ground
to powder. Then, 10.0 g of Prunus mume blossom powder was accurately weighed for
each group. Distilled water (200 mL) was added to each group. The FPMB was extracted
with different cellulase mass percentages, enzymolysis temperatures, ultrasonic power,
and ultrasonic enzymolysis time. The extract was vacuum lyophilized into powder. The
freeze-dried powder was then configured into solutions of 10, 20, and 40 pg/mL for the
cardiomyocytes protective effect test.

3.3. Measurements and Analyses
3.3.1. Determination of Flavonoids Content
Drawing of a Standard Curve

The standard curve was drawn according to the method of Chen et al. [27]. When the
mass concentration of rutin was in the range of 0.00-0.20 mg/mL, the absorbance showed a
strong linear relationship with the mass concentration (Figure S1). The regression equation
is: y = 8.7214x + 0.0629 (R? = 0.9928), where y represents the OD value and X represents the
concentration of rutin standard solution (mg/mL).

Flavonoids Content Measurement

In this test, sodium nitrite-aluminum nitrate colorimetry measured the flavonoids
content. The sample liquid (5 mL) was absorbed by a pipette in each group, added into
a 50 mL volumetric flask treated according to the above method, and stabilized at 50 mL
with 75% ethanol. The absorbance of each test tube was measured at a wavelength of
510 nm. The content of flavonoids can be obtained from the regression equation [27].

A%
Extraction rate of flavonoids (100%) = CX% x 100% (1)

where C is the flavonoids content (mg/mL), N represents the dilution factor, V is the total
volume (mL) of the extract solution, and M represents the quality of the Prunus mume blossom.

3.3.2. Single-Factor Test Design

Each group of single-factor experiments used 10 g of Prunus mume blossom powder
and 200 mL of deionized water. The single-factor test was conducted using cellulase mass
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percentage (1.5%, 2.0%, and 2.5%), enzymolysis temperatures (35, 40, and 45 °C), ultrasonic
power (250, 300, and 350 W), and ultrasonic enzymolysis time (30, 40, and 50 min).

3.3.3. Orthogonal Experimental Design

According to the results of the single-factor experiment, three levels were designed for
each factor, including cellulase concentration, enzymolysis temperature, ultrasonic power,
and ultrasonic enzymolysis time. An Lo(3%) orthogonal experiment was designed with the
extraction rate of FPMB powder as the index to optimize the technological conditions of
ultrasonic-assisted enzymatic extraction.

3.3.4. Identification of FPMB by HPLC

The FPMB lyophilized powder (5 mg) was accurately weighed. A sample solution of
1.0 mg/mL was prepared from the lyophilized powder of FPMB in a 10 mL volumetric
flask. The sample solution and standard solution were diluted with 30% methanol 5 times.
The diluted solution was filtered with an organic membrane of 0.5 um. The filtered solution
was then analyzed by HPLC (H-CLASS, Waters Technologies, Inc., Shanghai, China).
The type of chromatographic column was ALPHA1-2 LD plus (Bio-labs Instruments Co.,
Ltd., Guangzhou, China). The chromatographic conditions included the mobile phase:
methanol (A), ultra-pure water (B), and 1% acetic acid solution (C): flow rate: 1.0 mL/min;
injection volume: 10 pL; elution conditions: 0-30 min, 30-80% A, 1% acetic acid solution
(C) always maintained at 10%; detection wavelength: 350 nm; and column temperature:
30°C.

3.3.5. Isolation of Cardiomyocytes

Under aseptic conditions, mice were euthanized, soaked in 75% ethanol for 30 s, their
chest opened with a scalpel, and their ventricles removed and rinsed with phosphate-
buffered saline (PBS) 2-3 times [28]. The ventricles were cut into small pieces of about
1-1.5 mm?3 in a petri dish. Afterward, 1 mL of trypsin (0.1%) was poured into the petri dish
and digested for 10 min in a 37 °C water bath. After filtration with 200 mesh sieves, the
mixture was centrifuged at 424 x g for 8 min. The cardiomyocytes precipitation was added
to DMEM (containing 15% fetal bovine serum) and cultured in a CO, incubator for 2 h. The
supernatant was obtained for counting. The cell density was diluted to 2 x 10> mL~!. The
cardiomyocyte suspension was inoculated on 96-well plates (100 uL per well) in a 37 °C
CO; incubator, and the culture medium was changed every 24 h. The cardiomyocytes in
suitable growth conditions were selected for tests after 72 h.

3.3.6. Design of Protective Effect Test on Cardiomyocytes

The well-grown cardiomyocytes were randomly divided into the control group, H,O,
model group, low-dose group (FPMB-L), medium-dose group (FPMB-M), and high-dose
group (FPMB-H), with 10 replicates for each group. The control group was supple-
mented with 100 uL DMEM. The H,O, model group was supplemented with 100 pL
H,O; (200 pmol/L). The FPMB-L, FPMB-M, and FPMB-H groups were supplemented
with 100 pL DMEM medium (containing FPMB at concentrations of 10 pug/mL, 20 pg/mL,
and 40 pug/mL, respectively) and H,O, (200 umol/L). After incubation for 12 h, cardiomy-
ocytes’ activity, ROS content, and the concentration of proteases caspase-3, caspase-8, and
caspase-9 were measured.

3.3.7. Measurements of Cardiomyocytes’ Activity

Cardiomyocytes were inoculated into 96-well plates at 100 uL per well, and 20 uL MTT
(5 mg/mL) was poured into each well. After culturing in a CO, incubator at 37 °C for 4 h,
100 uL DMSO was added to each well. The 96-well plates were shaken for 15 min. The
optical density (OD) of cardiomyocyte samples was measured at 570 nm [29]. Cardiomyocyte
activity (%) = (OD value of test group/OD value of blank control group) x 100%.
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3.3.8. Measurements of ROS Activity

The cell culture medium was removed from the 96-well plates. Then, 500 uL. DCFH-
DA (10 pmol/mL) was added to each well. The 96-well plates were placed in an incubator
at 37 °C (containing 5% CO;) for 20 min. After cultivation, the cardiomyocytes were
washed with DMEM (excluding FBS) 3 times to fully remove the DCFH-DA that did not
enter the cells. Flow cytometry was used to detect ROS in the cardiomyocytes [30].

3.3.9. Measurements of Caspase-3, Caspase-8, and Caspase-9 Activity in Cardiomyocytes

The cardiomyocytes were centrifuged at 106 x g for 10 min after trypsin digestion
(0.1%). Cell lysis buffer (30 uL) was then added to each well and placed in ice water for
3 min. The mixtures were centrifuged at 6797 x g for 10 min. The supernatant was collected
and operated according to the kit’s instructions to determine the activities of caspase-3,
caspase-8, and caspase-9 in cardiomyocytes [31]. Caspase activity = OD4o5 nm/OD595 nm-

3.3.10. Measurements of Cardiomyocytes” Apoptosis

Flow cytometry (BD FACS Aria II, Franklin, NJ, USA) was used to measure the
cardiomyocyte apoptosis of mice [32]. The cardiomyocytes were washed with PBS twice
and centrifuged at 238 x g for 8 min. Cardiomyocyte precipitation was then configured
with PBS to form mice cardiomyocytes suspension at a concentration of 2 x 10° mL~1.
The cardiomyocytes suspension (100 uL) was added to a Falcon test tube. Then, 500 uL of
binding buffer, 5 pL of annexin V-FITC, and 5 puL of propidium iodide (PI) were added to
the tube. The Falcon test tubes were mixed and stored in a dark place at 25 °C for 10 min.
The cardiomyocyte apoptosis of mice was determined with 400 uL of PBS buffer in Falcon
test tubes using flow cytometry.

3.4. Statistical Analysis

The software SPSS 20.0 (IBM, Chicago, IL, USA) was used for the ANOVA analysis of
the samples in our study. Significant differences were determined by Duncan’s multiple
comparison test (p < 0.05).

4. Conclusions

In this study, the ultrasonic-assisted enzymolysis extraction of FPMB was investigated
along with the protective effect of FPMB on H,O;-induced injured cardiomyocytes. In
the ultrasonic-assisted enzymolysis extraction of the FPMB test, the influence degree of
every single factor on the extraction rate was successive: cellulase concentration > ultra-
sonic power > enzymolysis temperature = ultrasonic-assisted enzymolysis time. In the
range of every single factor, the concentration of cellulase and ultrasonic power signifi-
cantly influenced the extraction rate of FPMB. The effects of enzymolysis temperature and
ultrasonic-assisted enzymolysis time on the extraction rate of FPMB were not significant.

By comparing the peak retention time of the FPMB sample with that of the mixed
standard HPLC chromatograms, we found that the main flavonoids in FPMB are rutin,
cynarin, and luteolin. The balance of ROS production is disrupted when cardiomyocytes
are subjected to emergency oxidative damage. The proteases caspase-3, caspase-8, and
caspase-9 are closely related to apoptosis and produced in large quantities. The activity
of mice cardiomyocytes increased significantly after FPMB exposure, whereas the ROS
content and caspase-3, caspase-8, and caspase-9 activities of mice cardiomyocytes were
significantly reduced. The apoptosis rate of mice cardiomyocytes also decreased gradually;
however, with the increase in FPMB dose, the apoptosis rate for cardiomyocytes was close
to that for the control group. These experimental results showed that FPMB has a protective
effect on the injured cardiomyocytes induced by HyO,.

Supplementary Materials: The following are available online. Figure S1: Standard curve of rutin,
Table S1: Data used to generate Tables 1 and 2.



Molecules 2021, 26, 5818 13 of 14

Author Contributions: Writing—original draft, S.Z. and ].X.; writing—review and editing, H.C. and
W.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Anhui Provincial Natural Science Foundation, grant number
1908085MC79, the Overseas Visiting and Study Program for Outstanding Young Backbone Talents of
Anhui Universities, grant number gxgwfx2020056, and the National College Student Innovation and
Entrepreneurship Training Program, grant number 202010363055.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Anhui Polytechnic University
(AHSH 2019-0017, 12 December 2019).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data generated during the present study are available from the
corresponding author on reasonable request.

Acknowledgments: The authors would like to acknowledge the support of the Anhui Provincial
Natural Science Foundation (No. 1908085MC79), the Overseas Visiting and Study Program for
Outstanding Young Backbone Talents of Anhui Universities (No. gxgwf{x2020056), and the National
College Student Innovation and Entrepreneurship Training Program (202010363055).

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of the compounds such as FPMB are available from the authors.

References

1.

10.

11.

12.

Nakamura, S.; Fujimoto, K.; Matsumoto, T.; Ohta, T.; Ogawa, K.; Tamura, H.; Matsuda, H.; Yoshikawa, M. Structures of acylated
sucroses and an acylated flavonol glycoside and inhibitory effects of constituents on aldose reductase from the flower buds of
Prunus mume. J. Nat. Med. 2013, 67, 799-806. [CrossRef]

Santos, S.A.O.; Vilela, C.; Domingues, R.M.A ; Oliveira, C.5.D.; Villaverde, ].J.; Freire, C.S.R.; Neto, C.P; Silvestre, A.].D. Secondary
metabolites from Eucalyptus grandis wood cultivated in Portugal, Brazil and South Africa. Ind. Crop. Prod. 2017, 95, 357-364.
[CrossRef]

Mai, X,; Liu, Y,; Tang, X.; Wang, L.; Lin, Y.; Zeng, H.; Luo, L.; Fan, H.; Li, P. Sequential extraction and enrichment of flavonoids
from Euonymus alatus by ultrasonic-assisted polyethylene glycol-based extraction coupled to temperature-induced cloud point
extraction. Ultrason. Sonochem. 2020, 66, 105073. [CrossRef]

Qiao, Z.; Han, L.; Liu, X,; Dai, H; Liu, C.; Yan, M.; Li, W.; Han, W.,; Li, X.; Huang, S.; et al. Extraction, radical scavenging activities,
and chemical composition identification of flavonoids from sunflower (Helianthus annuus L.) receptacles. Molecules 2021, 26, 403.
[CrossRef]

Chaiyana, W.; Chansakaow, S.; Intasai, N.; Kiattisin, K.; Lee, KH.; Lin, W.C.; Lue, S.C.; Leelapornpisid, P. Chemical constituents,
antioxidant, anti-mmps, and anti-hyaluronidase activities of Thunbergia laurifolia lindl. leaf extracts for skin aging and skin
damage prevention. Molecules 2020, 25, 1923. [CrossRef]

Wang, L.; Chen, Q.; Zhuang, S.; Wen, Y.; Cheng, W.; Zeng, Z.; Jiang, T.; Tang, C. Effect of Anoectochilus roxburghii flavonoids
extract on HyO,—Induced oxidative stress in LO2 cells and D-gal induced aging mice model. J. Ethnopharmacol. 2020, 254, 112670.
[CrossRef]

Zhang, B.; Lai, L.; Tan, Y.; Liang, Q.; Bai, F.; Mai, W.; Huang, Q.; Ye, Y. Hepatoprotective effect of total flavonoids of Mallotus
apelta (Lour.) Muell. Arg. leaf against carbon tetrachloride-induced liver fibrosis in rats via modulation of TGF-betal/Smad and
NF-kappaB signaling pathways. |. Ethnopharmacol. 2020, 254, 112714. [CrossRef] [PubMed]

Fujimoto, K.; Nakamura, S.; Matsumoto, T.; Ohta, T.; Ogawa, K.; Tamura, H.; Matsuda, H.; Yoshikawa, M. Medicinal flowers.
XXXVIIL structures of acylated sucroses and inhibitory effects of constituents on aldose reducatase from the flower buds of
Prunus mume. Chem. Pharm. Bull. 2013, 61, 445-451. [CrossRef] [PubMed]

Liang, D.; Shen, Y,; Ni, Z.; Wang, Q.; Lei, Z.; Xu, N.; Deng, Q.; Lin, L.; Wang, J.; Lv, X,; et al. Exogenous melatonin application
delays senescence of kiwifruit leaves by regulating the antioxidant capacity and biosynthesis of flavonoids. Front. Plant. Sci. 2018,
9, 426. [CrossRef] [PubMed]

Fang, ].Y.; Lin, C.H.; Huang, T.H.; Chuang, S.Y. In vivo rodent models of type 2 diabetes and their usefulness for evaluating
flavonoid bioactivity. Nutrients 2019, 11, 530. [CrossRef] [PubMed]

Rolt, A.; Cox, L.S. Structural basis of the anti-ageing effects of polyphenolics: Mitigation of oxidative stress. BMC Chem. 2020,
14, 50. [CrossRef] [PubMed]

Zengin, G.; Cvetanovi¢, A.; Gasi¢, U.; Tesi¢, Z.; Stupar, A.; Bulut, G,; Sinan, K.I; Uysal, S.; Picot-Allain, M.C.N.; Mahomoodally,
M.E. A comparative exploration of the phytochemical profiles and bio-pharmaceutical potential of Helichrysum stoechas subsp.
barrelieri extracts obtained via five extraction techniques. Process. Biochem. 2020, 91, 113-125. [CrossRef]


http://doi.org/10.1007/s11418-013-0750-7
http://doi.org/10.1016/j.indcrop.2016.10.044
http://doi.org/10.1016/j.ultsonch.2020.105073
http://doi.org/10.3390/molecules26020403
http://doi.org/10.3390/molecules25081923
http://doi.org/10.1016/j.jep.2020.112670
http://doi.org/10.1016/j.jep.2020.112714
http://www.ncbi.nlm.nih.gov/pubmed/32105750
http://doi.org/10.1248/cpb.c12-01068
http://www.ncbi.nlm.nih.gov/pubmed/23546004
http://doi.org/10.3389/fpls.2018.00426
http://www.ncbi.nlm.nih.gov/pubmed/29675031
http://doi.org/10.3390/nu11030530
http://www.ncbi.nlm.nih.gov/pubmed/30823474
http://doi.org/10.1186/s13065-020-00696-0
http://www.ncbi.nlm.nih.gov/pubmed/32793891
http://doi.org/10.1016/j.procbio.2019.12.002

Molecules 2021, 26, 5818 14 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sekhon, J.K.; Rosentrater, K.A.; Jung, S.; Wang, T. Effect of co-products of enzyme-assisted aqueous extraction of soybeans,
enzymes, and surfactant on oil recovery from integrated corn-soy fermentation. Ind. Crop. Prod. 2018, 121, 441-451. [CrossRef]
Sousa, A.D.; Maia, A.LV.; Rodrigues, T.H.S.; Canuto, K.M.; Ribeiro, P.R.V.; de Cassia Alves Pereira, R.; Vieira, R.F; de Brito, E.S.
Ultrasound-assisted and pressurized liquid extraction of phenolic compounds from Phyllanthus amarus and its composition
evaluation by UPLC-QTOF. Ind. Crop. Prod. 2016, 79, 91-103. [CrossRef]

Xu, B.; Yuan, J.; Wang, L.; Lu, F,; Wei, B.; Azam, R.S.M.; Ren, X.; Zhou, C.; Ma, H.; Bhandari, B. Effect of multi-frequency power
ultrasound (MFPU) treatment on enzyme hydrolysis of casein. Ultrason. Sonochem. 2020, 63, 104930. [CrossRef] [PubMed]
Zhang, X.; Liu, C; Liu, C.; Wang, Y.; Zhang, W.; Xing, Y. Trimetazidine and lcarnitine prevent heart aging and cardiac metabolic
impairment in rats via regulating cardiac metabolic substrates. Exp. Gerontol. 2019, 119, 120-127. [CrossRef]

Bode, D.; Lindner, D.; Schwarzl, M.; Westermann, D.; Deissler, P.; Primessnig, U.; Hegemann, N.; Blatter, L.A.; van Linthout, S.;
Tschope, C.; et al. The role of fibroblast—Cardiomyocyte interaction for atrial dysfunction in HFpEF and hypertensive heart
disease. . Mol. Cell. Cardiol. 2019, 131, 53-65. [CrossRef]

Cao, J.W,; Duan, S.Y.; Zhang, H.X.; Chen, Y.; Guo, M. Zinc deficiency promoted fibrosis via ROS and TIMP/MMPs in the
myocardium of mice. Biol. Trace Elem. Res. 2020, 196, 145-152. [CrossRef]

Tang, M.; Huang, Z.; Luo, X,; Liu, M.; Wang, L.; Qi, Z.; Huang, S.; Zhong, J.; Chen, ].X,; Li, L.; et al. Ferritinophagy activation and
sideroflexinl-dependent mitochondria iron overload is involved in apelin-13-induced cardiomyocytes hypertrophy. Free. Radic.
Biol. Med. 2019, 134, 445-457. [CrossRef]

Prins, ].B.; Walker, N.I.; Winterford, C.M.; Cameron, D.P. Apoptosis of human adipocytes in vitro. Biochem. Bioph. Res. Co. 1994,
201, 500-507. [CrossRef]

Koyani, C.N.; Windischhofer, W.; Rossmann, C.; Jin, G.; Kickmaier, S.; Heinzel, ER.; Groschner, K.; Alavian-Ghavanini,
A.; Sattler, W.; Malle, E. 15-deoxy-Delta(1)(2),(1)(4)-PGJ(2) promotes inflammation and apoptosis in cardiomyocytes via the
DP2/MAPK/TNFalpha axis. Int. |. Cardiol. 2014, 173, 472-480. [CrossRef]

Fan, Q.; Chen, M.; Zuo, L.; Shang, X.; Huang, M.Z.; Ciccarelli, M.; Raake, P.; Brinks, H.; Chuprun, K.J.; Dorn, G.W.; et al.
Myocardial ablation of G protein-coupled receptor kinase 2 (GRK2) decreases ischemia/reperfusion injury through an anti-
intrinsic apoptotic pathway. PLoS ONE 2013, 8, e66234. [CrossRef]

Gao, C.; Wang, F; Wang, Z.; Zhang, J.; Yang, X. Asiatic acid inhibits lactate-induced cardiomyocyte apoptosis through the
regulation of the lactate signaling cascade. Int. ]. Mol. Med. 2016, 38, 1823-1830. [CrossRef]

Qiao, Y.; Zhao, Y; Liu, Y,; Ma, N.; Wang, C.; Zou, |.; Liu, Z.; Zhou, Z.; Han, D.; He, J.; et al. miR-483-3p regulates hyperglycaemia-
induced cardiomyocyte apoptosis in transgenic mice. Biochem. Biophys. Res. Commun. 2016, 477, 541-547. [CrossRef] [PubMed]
Wang, Z.; Huang, H.; He, W.; Kong, B.; Hu, H.; Fan, Y;; Liao, ].; Wang, L.; Mei, Y.; Liu, W,; et al. Regulator of G-protein signaling 5
protects cardiomyocytes against apoptosis during in vitro cardiac ischemia-reperfusion in mice by inhibiting both JNK1/2 and
P38 signaling pathways. Biochem. Biophys. Res. Commun. 2016, 473, 551-557. [CrossRef] [PubMed]

Xu, B.; Ren, A.; Chen, J; Li, H.; Wei, B.; Wang, J.; Azam, SM.R.; Bhandari, B.; Zhou, C.; Ma, H. Effect of multi-mode dual-frequency
ultrasound irradiation on the degradation of waxy corn starch in a gelatinized state. Food Hydrocoll. 2021, 113, 106440. [CrossRef]
Chen, H.; Wang, J.; Liu, X.; Zhou, A.; Xiao, J.; Huang, K.; Chen, H.; Cao, Y. Optimization in continuous phase-transition extraction
of crude flavonoids from finger citron fruit and evaluation on their antiaging activities. Food Sci. Nutr. 2020, 8, 1636-1648.
[CrossRef] [PubMed]

Li, C.; Rong, X.; Qin, J.; Wang, S. An improved two-step method for extraction and purification of primary cardiomyocytes from
neonatal mice. J. Pharmacol. Toxicol. Methods 2020, 104, 106887. [CrossRef] [PubMed]

Damrongrungruang, T.; Kitchindaopat, N.; Thanasothon, P; Theeranut, K.; Tippayawat, P.; Ruangsuwan, C.; Suwannee, B. Effects
of photodynamic therapy with azulene on peripheral blood mononuclear cell viability and singlet oxygen formation. Photodiagn.
Photodyn. 2018, 24, 318-323. [CrossRef]

Martinez Fernandez, A.; Regazzoni, L.; Brioschi, M.; Gianazza, E.; Agostoni, P.; Aldini, G.; Banfi, C. Pro-oxidant and pro-
inflammatory effects of glycated albumin on cardiomyocytes. Free Radic. Biol. Med. 2019, 144, 245-255. [CrossRef]

Deng, X.U.; Xia, K.E.; Chen, P.O.; Ali Sheikh, M.S.; Yang, D.F,; Li, S.M.; Yang, T.L. Reversion of left ventricle remodeling in
spontaneously hypertensive rats by valsartan is associated with the inhibition of caspase-3, -8 and -9 activities. Biomed. Rep. 2015,
3, 533-536. [CrossRef] [PubMed]

Liu, N.; Zou, L.; Hu, M.; Zhang, M. Heme as a target for protection against doxorubicin-induced apoptosis in H9¢c2 cardiomyocytes.
Cell. Stress. Chaperones. 2019, 24, 1211-1217. [CrossRef] [PubMed]


http://doi.org/10.1016/j.indcrop.2018.05.033
http://doi.org/10.1016/j.indcrop.2015.10.045
http://doi.org/10.1016/j.ultsonch.2019.104930
http://www.ncbi.nlm.nih.gov/pubmed/31945569
http://doi.org/10.1016/j.exger.2018.12.019
http://doi.org/10.1016/j.yjmcc.2019.04.016
http://doi.org/10.1007/s12011-019-01902-4
http://doi.org/10.1016/j.freeradbiomed.2019.01.052
http://doi.org/10.1006/bbrc.1994.1730
http://doi.org/10.1016/j.ijcard.2014.03.086
http://doi.org/10.1371/journal.pone.0066234
http://doi.org/10.3892/ijmm.2016.2783
http://doi.org/10.1016/j.bbrc.2016.06.051
http://www.ncbi.nlm.nih.gov/pubmed/27346130
http://doi.org/10.1016/j.bbrc.2016.03.114
http://www.ncbi.nlm.nih.gov/pubmed/27021681
http://doi.org/10.1016/j.foodhyd.2020.106440
http://doi.org/10.1002/fsn3.1450
http://www.ncbi.nlm.nih.gov/pubmed/32180971
http://doi.org/10.1016/j.vascn.2020.106887
http://www.ncbi.nlm.nih.gov/pubmed/32535058
http://doi.org/10.1016/j.pdpdt.2018.10.015
http://doi.org/10.1016/j.freeradbiomed.2019.06.023
http://doi.org/10.3892/br.2015.458
http://www.ncbi.nlm.nih.gov/pubmed/26171161
http://doi.org/10.1007/s12192-019-01045-4
http://www.ncbi.nlm.nih.gov/pubmed/31741235

	Introduction 
	Results and Discussion 
	Single-Factor Test Results 
	Orthogonal Test Results 
	Identification of Main Components in FPMB 
	Effect of FPMB on the Cardiomyocytes’ Survival Rate 
	Effect of FPMB on the ROS Contents 
	Effect of FPMB on the Activities of Caspase-3, Caspase-8, and Caspase-9 
	Effect of on Cardiomyocytes’ Apoptosis 

	Materials and Methods 
	Raw Materials 
	Extraction of FPMB 
	Measurements and Analyses 
	Determination of Flavonoids Content 
	Single-Factor Test Design 
	Orthogonal Experimental Design 
	Identification of FPMB by HPLC 
	Isolation of Cardiomyocytes 
	Design of Protective Effect Test on Cardiomyocytes 
	Measurements of Cardiomyocytes’ Activity 
	Measurements of ROS Activity 
	Measurements of Caspase-3, Caspase-8, and Caspase-9 Activity in Cardiomyocytes 
	Measurements of Cardiomyocytes’ Apoptosis 

	Statistical Analysis 

	Conclusions 
	References

