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Vitis amurensis Rupr. “Beibinghong” is abundant in anthocyanins, including malvidin (Mv), malvidin-3-glucoside (Mv3G), and
malvidin-3,5-diglucoside (Mv35G). Anthocyanins offer nutritional and pharmacological effects, but their stability is poor. Interaction of
malvid anthocyanins with caffeic acid through ultrahigh pressure technology produces stable anthocyanin derivatives.3is study aims to
identify the structure of stable mallow-like anthocyanins and to determine the effect of these stable anthocyanins on human umbilical
vein endothelial cells (HUVECs) with H2O2-induced oxidative damage and the signaling pathway involved. 3e products of malvid
anthocyanins and caffeic acid bonding were identified and analyzed using ultra-high performance liquid chromatography-quadrupole-
Orbitrap mass spectrometry (UPLC-Q-Orbitrap MS/MS). 3e bonding products were malvidin-3-O-guaiacol (Mv3C), malvidin-3-O-
(6″-O-caffeoyl)-glucoside (Mv3CG), and malvidin-3-O-(6″-O-caffeoyl)-5-diglucoside (Mv3C5G). An oxidative stress injury model in
HUVECs was established using H2O2 and treated with Mv, Mv3G, Mv35G, Mv3C, Mv3CG, and Mv3C5G at different concentrations
(10, 50, and 100μmol/L). Results showed that the above compound concentrations can significantly increase cell proliferation rate and
reduce intracellular reactive oxygen species at 100μmol/L.3e effects of the most active products Mv andMv3C on the AMP-activated
protein (AMPK)/silencing information regulator-1 (SIRT1) pathway were analyzed. Results showed that Mv and Mv3C significantly
increased SOD activity in the cells and significantly upregulated the expression of SIRT1mRNA, SIRT1, and p-AMPKprotein. However,
they did not significantly change the expression of AMPK protein. After the silent intervention of siRNA in SIRT1 gene expression, the
upregulation of SIRT1 and p-AMPKprotein byMv andMv3Cwas significantly inhibited.3ese results indicate that stabilizationmalvid
anthocyanins exerts an antioxidant activity via the AMPK/SIRT1 signaling pathway.

1. Introduction

Oxidative stress injury is an important risk factor for human
aging, subhealth, and various diseases, such as tumors, diabetes,
cardiovascular and cerebrovascular diseases, Alzheimer’s dis-
ease, and neuropathy. 3e body produces a large number of
reactive oxygen species (ROS) during oxidative stress. In ad-
dition to direct damage to cells, ROS can also activate different
oxidative stress pathways, consequently affecting the degree of
tissue or cell damage. Oxidative stress can directly or indirectly
activate AMP-activated protein (AMPK) through ROS or

reactive nitrogen species. AMPK is a key protein involved in
multiple signal transduction pathways, and AMPK signaling
pathway imbalance is closely related to oxidative stress [1–4].
AMPK, through its interaction with mTOR and SIRTuins, is
a key regulator of aging. Silencing information regulator-1
(SIRT1) is a NAD+-dependent deacetylase widely present in
mammals and is involved in the regulation of cell proliferation,
aging, and death, inflammation, and metabolic regulation
[5, 6]. Recent studies have shown that the AMPK/SIRT1 sig-
naling pathway is closely related to oxidative stress, aging,
diabetes, and tumors [7–10].
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Natural anthocyanins have significant antioxidant ac-
tivity and can eliminate free radicals in the body. Our
previous study found that the anthocyanin content of Vitis
amurensis Rupr. “Beibinghong” in the Changbai Mountains
of China is about 180mg/(100 g·FW), and the malvid an-
thocyanin content is the highest, accounting for about 60%
of the total anthocyanin content, including malvidin, mal-
vidin-3-O-glucoside, and malvidin-3,5-O-diglucoside [11].
Malvid anthocyanins have various physiologically active
functions, such as antioxidant, antiaging, anticardiovascular
disease, and anticancer, with a potential role in preventing
various chronic diseases in humans [12].

However, the poor stability of natural anthocyanins limits
their application. Ultrahigh pressure can promote the mutual
color of anthocyanins and organic acids in the grapevine in
a short time, with a remarkable stabilizing effect [13]. A
previous study optimized the ultrahigh pressure bonding of
malvid anthocyanins and caffeic acid by using the response
surface method to achieve stabilization of malvid anthocya-
nins with a color increase rate of 42.986%± 0.09%; after heat
processing at 100°C for 2 h or placing for 20 days under room
temperature sunlight, it can still achieve about 50% preser-
vation rate and good photothermal stability. 3e results of in
vitro antioxidant activity showed that the stable anthocyanins
at 20 μg/mL are effective against DPPH, and the free radical
scavenging rate of ABTS is >90% [13].

3is study aimed to evaluate whether the stabilization of
malvid anthocyanins is capable of activating antioxidant
stress. An in vitro oxidative stress model was established
using H2O2-injured human umbilical vein endothelial cells
(HUVECs) to observe the protective effect of stabilization of
malvid anthocyanins on the oxidative stress damage of
HUVECs and to explore its mechanism of action. 3is study
lays a foundation for the efficient use of anthocyanins and
serves as a theoretical basis for the in-depth development of
mountain grape resources in the Changbai Mountains.

2. Materials and Methods

2.1. Materials and Reagents. Malvidin, malvidin-3-O-glu-
coside, and malvidin-3,5-O-diglucoside were purchased
from ChromaDex (Irvine, USA). Caffeic acid and formic
acid were purchased from Aladdin. Chromatographic-grade
methanol was purchased from 3ermo Fisher (Waltham,
USA). Dulbecco’s modified Eagle’s medium (DMEM),
penicillin-streptomycin (P/S), and fetal bovine serum (FBS)
were bought from Gibco Life Technologies (Grand Island,
NY, USA). CCK-8 cell proliferation and toxicity detection
kit were procured from Dojindo Chemical Research In-
stitute (Kyushu, Japan). Cell ROS detection kit and SOD kit
were purchased from Shanghai Beyotime Biological Co., Ltd.
(Shanghai, China).

2.2. Extraction and Separation of Malvid Anthocyanins

V. amurensis Rupr. “Beibinghong” were collected from
Liuhe County (Tonghua Wine Institute, Tonghua, China) in
October 2017. Liuhe County is located in the east longitude

125°17′-126°35′ and latitude 41°54′-24°35′, with an annual
average temperature of 4.4–5.5°C, annual minimum tem-
perature of -36.2°C, frost-free period of 126–140 d, activity
accumulated temperature of 2800.2°C, annual precipitation
of 700–900mm, and sunshine for 2550 h.V. amurensis Rupr.
“Beibinghong” were collected with the stems removed and
then beaten for use. On the basis of previous studies [14], the
high-voltage pulsed electric field method was used for ex-
traction, D101 for macroporous resin purification, and high-
performance liquid phase for monomer preparation. 3e
obtained anthocyanins included malvidin (Mv), malvidin-3-
glucoside (Mv3G), and malvidin-3,5-diglucoside (Mv35G).
V. amurensis Rupr. “Beibinghong” (100 g) contained 108mg
of malvid anthocyanins (40.8% Mv35G, 48.6% Mv3G, and
10.6% Mv).

2.3. Ultrahigh Pressure-Assisted Preparation of Caffeic Acid-
Bonded Malvid Anthocyanins. 3e ultrahigh pressure
bondingmethod optimized using the response surfacemethod
was used [13]. Caffeic acid was dissolved in a small amount of
absolute ethanol.3emallow anthocyanin-to-caffeic acidmass
ratio of 1 : 3.6 was added, and then the solution was diluted
with dibasic sodium phosphate–citric acid buffer solution at
pH 3.0. After 1 h of water bath at 60°C, ultrahigh pressure
bonding was used to achieve the pressure of 300MPa for 5min
of holding time. 3e solution produced after ultrahigh pres-
sure bonding was purified, collected, frozen, and then dried for
further use.

2.4. Liquid Chromatography-Mass Spectrometry. In our
previous work [13], a combination of high-performance
liquid chromatography, infrared spectroscopy, and liquid
chromatography-mass spectrometry was used to identify the
bonded compounds initially. In this experiment, UPLC-Q-
Orbitrap MS/MS high-resolution mass spectrometry was
performed to verify the bonded compounds.

Liquid chromatography conditions were as follows:
3ermo Syncronis C18 chromatographic column
(100mm× 3mm, 1.7 μm), gradient elution, and a mobile
phase of 0.1% formic acid aqueous solution (A) and aceto-
nitrile (B). 3e gradient elution was as follows: 0–2min, 8%–
10% B; 2–11min, 10%–10% B; 11–19min, 10%–15% B;
19–24min, 15%–20% B; 24–27min, 20%–25% B; 27–33min,
25%–35% B; 33–36min, 35%–45% B; 36–38min, 45%–55%
B; and 38–45min, 55%–80% B. 3e column temperature was
30°C, flow velocity was 0. 2mL·min−1, and injection volume
was 10 μL. Mass spectrometry conditions were as follows:
electrospray positive ion scanning mode, drying air tem-
perature of 350°C, atomizing gas flow rate of 35 arb, auxiliary
gas flow rate of 10 arb, and quality scan range ofm/z 50–1000.

2.5. Cell Culture. 3e human umbilical vein endothelial cell
line (HUVEC) was purchased from Wuhan Procell Life
Science and Technology Co., Ltd. (Wuhan, China). 3e
primary HUVECs were placed in culture flasks in a 5% CO2
incubator at 37°C. After the growth was stable, the culture
growth was continued until cell passage, and the cells were
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frozen. Four to nine generations of cells with good growth
status were selected for the experiment.

2.6. Cell Transfection. 3e HUVECs in the logarithmic
growth phase were inoculated in a 96-well cell culture plate
by 5×105 per well at 37°C in a 5% CO2 incubator overnight.
At 2 h before transfection, the medium was replaced by
a serum-free DMEMmedium. During transfection, 10 μL of
siRNA plasmid (20 μmol/L) was diluted with 100 μL of se-
rum-free Opti-MEM, mixed well, and then allowed to stand
at room temperature for 5min. 3en, 5 μL of Lipofectamine
2000 liposomes were diluted with 100 μL of Opti-MEM and
allowed to stand at room temperature for 5min. Lipofect-
amine 2000 liposomes were mixed with the siRNA plasmid
diluent and then allowed to stand at room temperature for
20min. 3e incubated mixture was added to the six-pore
plate without serum, mixed well, and then placed in a 5%
CO2 incubator at 37°C for 6 h to aspirate the mixture and
change into DMEMmedium. 3e culture was continued for
48 h at 37°C in a 5% CO2 incubator.

2.7. CCK-8 Detection of Cell Proliferation Rate. HUVECs in
the logarithmic growth phase were inoculated in a 96-well cell
culture plate by 5×103 per well. 3e cells in each well were
added with 200 μL of culture medium, with three parallel
samples, and then cultured in a 5% CO2 incubator at 37°C for
24 h. 3e blank, model, and test groups of different con-
centrations (10, 50, and 100 μmol/L) were treated with caffeic
acid,Mv, malvidin-3-O-guaiacol (Mv3C),Mv3G,malvidin-3-
O-(6″-O-caffeoyl)-glucoside (Mv3CG), Mv35G, and malvi-
din-3-O-(6″-O-caffeoyl)-5-diglucoside (Mv3C5G) for 24 h.
3en, 20 μL of CCK-8 solution was added to each well and
cultured at 37°C for 4 h. A microplate reader was used to
measure the absorbance of each well (OD 450).

Cell proliferation rate(%) �
ODsample group

ODcontrol group
  × 100, (1)

cell inhibition rate(%) � 1 −
ODsample group

ODcontrol group
  × 100, (2)

where ODsample group is the absorbance value of the test group
and ODcontrol group is the absorbance value of the control
group.

2.8. Determination of Intracellular ROS Level and SOD
Activity. HUVECs in the logarithmic growth phase were
inoculated in a 96-well cell culture plate with 5×103 per well.
3e cells in each well were added with 200 μL of culture
medium and then cultured in a 5%CO2 incubator at 37°C for
24 h. 3e blank, model, and test groups of different con-
centrations (10, 50, and 100 μmol/L) were treated with caffeic
acid, Mv, Mv3C, Mv3G, Mv3CG, Mv35G, and Mv3C5G for
24 h, and then the cells were washed once with PBS. In
accordance with the kit instructions, a serum-free medium
was used to dilute DCFH-DA by 1 :1000 to make the final
concentration of 10 μmol. 3e cells were added to 200 μL of

diluted DCFH, incubated at 37°C for 20min, and thenmixed
well every 3min. 3en, the cells were washed with serum-
free medium twice, resuspended with PBS, and subjected to
fluorescence detection with a microplate reader (excitation
wavelength at 480 nm, emission wavelength at 525 nm).

Ratio(R) �
Asample group

Acontrol group
, (3)

where Asample group is the absorbance value of the test group
and Acontrol group is the absorbance value of the control
group.

HUVECs in the logarithmic growth phase were treated
in each group and then collected using a cell scraper. 3e
cells were lysed by adding 200 μL of PBS and then disrupted
in a 4°C centrifuge at 12000 r/min for 10min. 3e super-
natant was taken and tested for activity using the SOD kit in
accordance with the manufacturer’s instructions.

2.9. H2O2-Induced Oxidative Damage Model in HUVECs.
3e HUVECs were treated with H2O2 at 100, 200, 300, 500,
750, and 1000 μmol/L for different time periods (6, 12, 24,
and 48 h), and then the cell inhibition rate was detected
using the CCK-8 method. 3ree replicate wells were set in
each group, and the results were averaged to calculate the
inhibition rate (%) of cell proliferation by the different
concentrations of H2O2. In subsequent experiments, the
level of intracellular ROS was measured using 50% (IC50)
H2O2 as the H2O2 concentration.

2.10. Real-Time Quantitative PCR Detection of SIRT1 mRNA
Expression. 3e total RNA of the cells in each treatment
group was extracted using the RNA rapid extraction kit.
RNA was reversely transcribed to cDNA using the reverse
transcription kit for PCR amplification. 3e SIRT1 ampli-
fication primer was purchased from Sangon Biotech
(Shanghai, China): Primer Forward, 5′-CAAAGGAGCA-
GATTAGTAGG-3′; Reverse, 5′-CTGCCACAAGAACTA-
GAGGA-3′. Adding internal reference genes, 2-△△Ct was
used to analyze and calculate the relative expression of SIRT1
mRNA.

2.11. Western Blot Analysis. After the drug action, the cells
were collected to add the lysate containing PMSF to extract
the total protein and measure the protein concentration
using the BCA kit. 3e cells were heated for protein de-
naturation, loaded with 25 μg of protein or SDS-PAGE gel
electrophoresis, transferred onto PVDF membranes, and
then stored at room temperature for 2 h with 5% skim milk.
Primary antibodies β-actin (1 : 200), AMPK (1 :1000), p-
AMPK (1 :1000), and SIRT1 (1 :1000) were added and then
incubated at 4°C overnight. After adding a secondary an-
tibody and incubating at room temperature for 2 h, the color
of the ECL solution was developed and the image was
scanned. 3e ratio of the target protein to the corresponding
net optical density of the β-actin band indicates the protein
expression level of each group.
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2.12. Statistical Analysis of Data. Data were analyzed using
the SPSS statistical software system. Experimental data were
expressed as mean± standard deviation ((x ± s)). Com-
parison between multiple groups was performed by
ANOVA, and comparison between two groups was per-
formed by q test. Significance and extreme significance were
indicated by p< 0.05 and p< 0.01, respectively. Origin 8.0
software was used for drawing.

3. Results

3.1. Structural Analysis of Stable Malvid Compounds. 3e
chemical constituents of the bonded products were iden-
tified by comparing their accurate masses and character-
istic fragment ions via UPLC-Q-Orbitrap MS/MS.3e base
peak chromatogram profiles of the bonded products are
shown in Figure 1. On the basis of previous studies [15, 16],
the characteristic product ions of anthocyanin fragmen-
tation in tandem mass spectrometry are shown in Figure 2,
and the MS/MS results of the bonded products M1, M2,
and M3 are shown in Table 1. M1 molecular ion m/z
439.10351[M+H]+ and fragment ions m/z 331.12247 and
150.33725 were observed using secondary tandem mass
spectrometry. 3e fragment ion m/z 331 was produced by
losing one molecule of o-hydroxyphenol (108), andm/z 150
was the 0,2A＋• radical positive ion caused by breaking the
0/2 position C-C bond of the anthocyanin C-ring. In
consideration of relevant reports [17–20], M1 was de-
termined as malvidin-3-O-guaiacol (Mv3C). A molecular
ion peak m/z 655.16632 [M+H]+ was observed in M2, and
fragment ions m/z 493.17451, 331.14216, and 150.38797
were found in the secondary tandem mass spectra. m/z 493
and 331 were produced by the parent ion losing one
molecule of caffeoyl group (162) and one molecule of
glucose residue (162) successively. In consideration of
relevant reports [21–24], M2 was identified as Mv3CG. A
molecular ion peak m/z 817.21914[M+H]+ was found in
M3, and fragment ions m/z 655.34326, 493.13761,
331.12026, 282.07894, 150.3890, and 121.02881 were de-
tected in the secondary tandem mass spectra. Fragment
ions m/z 655, 493, and 331 were formed by the parent ion
losing two molecules of glucose residues and one molecule
of caffeoyl. m/z 282.07894 and 121.02881 were found in the
fragment ions. According to literature [25], m/z 282.07894
may be the 0,3A＋• free radical positive ions caused by the
breaking of C-C bond on the 0/3 position of anthocyanin
C-ring, m/z 121.02881 is caused by the fragment ion m/z
282.07894 losing one molecular mass residue of 162 glu-
cose, and the caffeoyl group may be linked to the glucoside
at position 3. On the basis of analysis of relevant literature
[26, 27], M3 was deduced as Mv3C5G.

3.2. H2O2-Induced Oxidative Damage Model of HUVECs.
3e half inhibitory concentration IC50 of H2O2-induced
oxidative stress injury in HUVECs gradually decreased in
a concentration- and time-dependent manner (Table 2).
When the concentration of the H2O2 solution was 300 μmol/
L, the ROS ratio in the cells began to show a significant

difference compared with that in the blank group (p< 0.05).
When cultured for 24 and 48 h, the ROS ratio in the cells was
significantly different from that in the blank group
(p< 0.01). At 24 h, the ROS ratio was 2.56, and the cell
damage was obvious and stable (Table 3). 3erefore, the
concentration of 300 μmol/L H2O2 was chosen to induce
HUVECs for 24 h.

3.3. Protective Effect of Stabilization of Malvid Anthocyanins
on Cells with Oxidative Damage. 3e results of CCK8 de-
tection and measurement of intracellular ROS levels are
shown in Figures 3 and 4. 3e cell proliferation rate of the
H2O2 oxidative damage model group was 0.54 times that of
the blank control group, indicating successful modeling. At
the same time, the amount of ROS released in the cells
increased significantly. In comparison with themodel group,
no significant difference in cell proliferation rate was found
between the caffeic acid groups at different concentrations.
3is result indicates that 100 μmol/L caffeic acid exerted no
protective effect on cells with oxidative damage for 24 h.
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Figure 3: Effects of different concentrations of Mv andMv3C (a); Mv3G andMv3CG (b); andMv35G andMv3C5G (c) on the appreciation
rate of HUVEC cells. ∗p< 0.05 and ∗∗p< 0.01 compared to control; Δp< 0.05 and ΔΔp< 0.01 compared to H2O2; ▲p< 0.05 and,
▲▲p< 0.01 compared to malvid anthocyanins.

Table 3: Effects of different concentrations of H2O2 on ROS in cells after different time points.

C (μmol/L)
R

6 h 12 h 24 h 48 h
0 1.00 1.00 1.00 1.00
100 1.06 1.10 1.05 1.06
200 1.12 1.23 1.35∗ 1.37∗
300 1.24∗ 1.35∗ 2.56∗∗ 2.57∗∗
500 2.22∗∗ 1.83∗∗ 2.25∗∗ 2.01∗∗
750 3.24∗∗ 2.01∗∗ 1.79∗∗ 1.80∗∗
1000 2.86∗∗ 2.73∗∗ 1.12∗∗ 0.97
∗P< 0.05 and ∗∗P< 0.01 compared to control (0 μmol/L).

Table 2: Effect of hydrogen peroxide on cell semi-inhibition at different time points.

Group 6 h 12 h 24 h 36 h
IC50(μmol/L) 701.643 616.683 385.778 301.644

Table 1: MS/MS data of the bonded products.

No. Molecular
formula Calculated (m/z) Measured (m/z) Fragmention (m/z) Relative

error (10−6) Component name

M1 C23H19O9 439.10291 439.10531
439.10351

1.37 Malvidin-3-O-guaiacol331.12247
150.33725

M2 C29H35O17 655.16630 655.16632

655.16632

0.03 Malvidin-3-O-(6″-O-caffeoyl)-glucoside493.17451
331.14216
150.38797

M3 C38H41O20 817.21912 817.21914

817.21914

0.02 Malvidin-3-O-(6″-O-caffeoyl)-5-
diglucoside

655.34326
493.13761
331.12026
150.38903
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When the Mv and Mv3C concentrations were 50 and
100 μmol/L, the cell proliferation rate significantly in-
creased compared with that in the model group, and the
intracellular ROS release significantly reduced in a con-
centration-dependent manner. Compared with that in the
Mv group, the cell proliferation rate in the Mv3C group was
significantly different, but no statistical difference in ROS
level was found. 3is result suggests that Mv3C not only
protects against H2O2-induced HUVEC cell oxidative
damage but also exerts better antioxidant activity than Mv.
After the treatment of different concentrations of Mv3G
and Mv3CG, when the M3G concentration was 100 μmol/
L, the cell proliferation rate significantly increased com-
pared with the model group, and the intracellular ROS
release significantly reduced. When the Mv3CG concen-
trations were 50 and 100 μmol/L, the cell proliferation rate
significantly increased compared with that in the model
group, and the intracellular ROS release significantly re-
duced. Compared with those in the Mv3G group, the cell
proliferation rate and ROS activity in the Mv3G group
exerted no statistical difference. 3ese results indicate that
Mv3G and Mv3G exert similar effects. After treatment of
the Mv35G and Mv3C5G groups with different concen-
trations, the trend was consistent with the above results. In
summary, Mv and Mv3C demonstrated the best protective
effects and thus were selected to act on the AMPK/SIRT1
signaling pathway, and the antioxidative mechanism was
discussed.

3.4. Regulation Effect of Mv and Mv3C on the AMPK/SIRT1
Signaling Pathway

3.4.1. Determination of SOD Activity. 3e SOD activity of
the model control group was significantly reduced to 0.387
times that of the blank group. Compared with the model
control group, different concentrations of Mv and Mv3C

significantly increased the activity of SOD in cells in
a concentration-dependent manner. At a concentration of
100 μmol/L, the SOD activity increased to 32.941± 1.96 U/
mg prot and 36.477± 1.54 U/mg prot, respectively. Com-
pared with the Mv group, different concentrations of Mv3C
significantly increased intracellular SOD activity (Figure 5).

3.4.2. Effect of SIRT1 mRNA Transcription Level. RT-PCR
was used to detect the expression level of SIRT1 mRNA in
cells. 3e results are shown in Figure 6. Compared with that
in the blank group, the transcription level of SIRT1mRNA in
the model group decreased significantly. After different
concentrations of Mv and Mv3C to intervene in damaged
cells, the expression level of SIRT1 mRNA in the Mv and
Mv3C groups significantly increased compared with that in
the model group, and the effect of Mv andMv3C was similar.

3.4.3. Effects of SIRT1, AMPK, and p-AMPK Protein Ex-
pression Levels. Western blot was used to detect the effects of
Mv and Mv3C on the expression of SIRT1, AMPK, and p-
AMPK in cells (Figure 7). Compared with that in the blank
group, the expression level of SIRT1 protein in the model
group cells decreased significantly, whereas the expression
levels of AMPK and p-AMPK protein increased slightly.
Compared with the model group, the Mv and Mv3C groups
at different concentrations significantly increased the ex-
pression levels of SIRT1 and p-AMPK.3ey both showed the
best effect at 100 μmol/L.3e SIRT1 gene was knocked down
by siRNA gene fragments for verification to confirm the role
of the AMPK/SIRT1 signaling pathway in reducing oxidative
stress damage by Mv andMv3C. Mv andMv3C at 100 μmol/
L were selected to intervene in siRNA-SIRT1-damaged cells.
3e expression levels of SIRT1, AMPK, and p-AMPK in the
cells were measured using Western blot.
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Figure 4: Effects of different concentrations of Mv and Mv3C (a); Mv3G and Mv3CG (b); and Mv35G and Mv3C5G (c) on level of ROS of
HUVEC cells. ∗p< 0.05 and ∗∗p< 0.01 compared to control; Δp< 0.05 and ΔΔp< 0.01 compared to H2O2; ▲p< 0.05 and ▲▲p< 0.01
compared to malvid anthocyanins.
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3.4.4. Screening of Interfering Gene Fragments of Silencing
SIRT1. 3ree SiRNAs and negative control (NC) fragments
were designed and synthesized to transfect the cells, and the
fragment with the best interference effect on the expression
level of SIRT1 mRNA by RT-PCR was selected to silence
SIRT1. Compared with the blank control group, the NC
group caused no effect on the expression level of SIRT1
mRNA in the cells, and the effect of small exogenous RNA
fragments on the experiment could be excluded. Compared
with the blank group, all three SiRNAs can significantly
reduce the expression level of SIRT1 mRNA, and SiRNA1
decreased to 0.363 (Figure 8).3erefore, SiRNA1 was chosen
as the interfering fragment to silence SIRT1.

3.4.5. Effects of SIRT1, AMPK, and p-AMPK Protein Ex-
pression Levels after Silencing SIRT1. As for the influence of
SIRT1 protein expression, the SIRT1 protein expression in
the SiRNA group significantly reduced compared with that
in the blank group and the NC group. Compared with that in
the SiRNA group, the expression of SIRT1 protein in the
H2O2-SiRNA group significantly reduced after H2O2 stim-
ulation. Compared with the H2O2-SiRNA group, theMv and
Mv3C groups increased SIRT1 protein expression, but the
promotion effect was significantly reduced. As for the in-
fluence of AMPK and p-AMPK protein expression, the
expression level of AMPK protein showed no significant
change in each group. Compared with the blank group and
the NC group, the SiRNA group showed no significant
difference in the expression of the p-AMPK protein.
Compared with that in the SiRNA group, the p-AMPK
protein expression in the H2O2-SiRNA group increased
slightly, but the change was not significant. Compared with
the H2O2-SiRNA group, the Mv andMv3C groups increased
p-AMPK protein expression significantly, but the promotion
effect was significantly reduced (Figure 9).

4. Discussion

Natural anthocyanins have significant antioxidant activity,
but their stability is poor. Ultrahigh pressure can promote
the mutual color of anthocyanins and organic acids in the
grapevine in a short time, and the stabilizing effect is better
than spontaneous secondary color [13]. Mallow pigment was
bonded to caffeic acid using ultrahigh pressure technology.
3e acrylic group was removed first, and then the phenol
ring was combined to obtain the bonded product, which was
identified as mallow-3-O-guaiacol. Mallow-3-O-glucoside
was bonded to caffeic acid, and one molecule of H2O was
removed to obtain the bonded product, which was identified
as mallow-3-O-(6″-O-coffee acyl)-glucoside. When mallow-
3,5-O-glucoside was bonded to caffeic acid, one molecule of

Control
0

20

40

60

U
/m

g 
pr

ot

H2O2 10 50
C (μmol/L)

100

Control
H2O2 Mv3C

Mv

∗∗

Figure 5: Effects of different concentrations of Mv and Mv3C on level of SOD of HUVEC cells. ∗p< 0.05 and ∗∗p< 0.01 compared to
control; Δp< 0.05 and ΔΔp< 0.01 compared to H2O2; ▲p< 0.05 and ▲▲p< 0.01 compared to malvidin.
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H2O was removed to obtain the bonded product, which was
identified as mallow-3-O-(6″-O-coffee acyl)-5-diglucoside.

Anthocyanin compounds are flavonoids whose free
radical scavenging activity depends on the difficulty of
hydrogen extraction reaction between phenolic hydroxyl
groups and free radicals on the ring and the stability of free
radicals generated after hydrogen extraction. 3erefore, the
number and position of phenolic hydroxyl groups affect the
antioxidant effect of anthocyanins. 3e structure of the C-
ring greatly influences the activity of flavonoids. C3(2)-OH,

C2�C3 double bond, and C4 carbonyl on C-ring can enhance
the activity of flavonoids.3e phenolic hydroxyl group at the
C4′ position in the B ring is the main active site; the phenolic
hydroxyl groups at C4′ and C3 positions are active. 3e
phenolic hydroxyl group at the C5 position on the A ring is
also active [28, 29]. 3e results of this study prove the
conclusions of the above scholars. Mv, Mv3G, Mv35G,
Mv3C, Mv3CG, and Mv3C5G all have phenolic hydroxyl
groups at the C4′ position, which can significantly increase
the proliferation rate of injured cells and reduce intracellular
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ROS release. Phenolic hydroxyl groups are present at the C5
position in the Mv and Mv3C structures, and their activities
are greater than those of Mv3CG, Mv3C5G, Mv3G, and
Mv35G. 3is finding proves that the C5 phenolic hydroxyl
activity in the above literature is also strong. 3e activity of
the stable compoundMv3Cwas significantly better than that
of the untreated Mv because the O at the C3 position in the
Mv3C structure is linked to catechol, with many phenolic
hydroxyl groups and strong activity.

Recent studies have shown that the AMPK/SIRT1 sig-
naling pathway is closely related to aging because of oxi-
dative stress and its related diseases [30]. AMPK is the highly
conservative cellular energy metabolism receptor and reg-
ulator. During oxidative stress, AMPK protein expression or
activity decreases [31]. SIRT1 is closely related to physio-
logical processes, such as cell proliferation, differentiation,
senescence, apoptosis, andmetabolism. SIRT1 can be used as
a key regulatory point in oxidative stress to reduce cell
damage [32]. In the present study, Mv and Mv3C signifi-
cantly increased the expression of SIRT1 mRNA and SIRT1,
p-AMPK protein after oxidative damage to HUVEC cells,
indicating that Mv and Mv3C can promote the phosphor-
ylation of AMPK and upregulate the expression of SIRT1
mRNA and SIRT1 protein. 3is result suggests that stabi-
lization of malvid anthocyanins play an antioxidative role in
activating the AMPK/SIRT1 signaling pathway. SiRNA was
added to silence SIRT1 gene expression and then the injured
cells were treated with Mv and Mv3C to confirm the role of
the AMPK/SIRT1 signaling pathway in Mv and Mv3C in

reducing oxidative stress damage. 3is procedure signifi-
cantly inhibited the effect of Mv and Mv3C in upregulating
SIRT1 and p-AMPK protein expression. 3is result proves
that the AMPK/SIRT1 signaling pathway is important in the
antioxidative role of stabilization of malvid anthocyanins.

5. Conclusion

3is study is the first to analyze the antioxidant activity of the
binding products of malvid anthocyanins and caffeic acid.
3e protective effect of stabilization of malvid anthocyanins
on H2O2-induced oxidative damage on HUVECs was
studied. 3e anthocyanins significantly increased cell pro-
liferation rate, inhibited ROS production, increased in-
tracellular SOD activity, and upregulated the expression
levels of SIRT1 mRNA and SIRT1, p-AMPK protein. 3e
addition of siRNA to silence SIRT1 gene expression sig-
nificantly suppressed the effect of Mv and Mv3C in upre-
gulating protein expression. 3e AMPK/SIRT1 signaling
pathway plays an important role in the antioxidative role of
the stabilization of malvid anthocyanins.3is study provides
a basis for the subsequent product development
anthocyanins.

Data Availability

3e data that support the findings of this study are available
from the corresponding author, L. -K. W., upon reasonable
request.
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