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Abstract.  This study aimed to investigate the effects and potential mechanisms of Chikusetsusaponin V (CsV) on endothelial
nitric oxide synthase (eNOS) and vascular endothelial cell functions. Different concentrations of CsV were added to animal
models, bovine aorta endothelial cells (BAECs) and human umbilical vein endothelial cells (HUVECS) cultured in vitro. gPCR,
Western blotting (WB), and B ultrasound were performed to explore the effects of CsV on mouse endothelial cell functions,
vascular stiffness and cellular eNOS mRNA, protein expression and NO release. Bioinformatics analysis, network
pharmacology, molecular docking and protein mass spectrometry analysis were conducted to jointly predict the upstream
transcription factors of eNOS. Furthermore, pulldown and ChIP and dual luciferase assays were employed for subsequent
verification. At the presence or absence of CsV stimulation, either overexpression or knockdown of purine rich element binding
protein A (PURA) was conducted, and PCR assay was employed to detect PURA and eNOS mRNA expressions, Western blot
was used to detect PURA and eNOS protein expressions, cell NO release and serum NO levels. Tube formation experiment was
conducted to detect the tube forming capability of HUVECs cells. The animal vasodilation function test detected the
vasodilation functions. Ultrasonic detection was performed to determine the mouse aortic arch pulse wave velocity to identify
aortic stiffness. CsV stimulus on bovine aortic cells revealed that CsV could upregulate eNOS protein levels in vascular
endothelial cells in a concentration and time dependent manner. The expression levels of eNOS mRNA and phosphorylation
sites Serl1177, Ser633 and Thr495 increased significantly after CsV stimulation. Meanwhile, CsV could also enhance the tube
forming capability of HUVECs cells. Following the mice were gavaged using CsV, the eNOS protein level of mouse aortic
endothelial cells was upregulated in a concentration- and time-dependent manner, and serum NO release and vasodilation ability
were simultaneously elevated whereas arterial stiffness was alleviated. The pulldown, ChIP and dual luciferase assays
demonstrated that PURA could bind to the eNOS promoter and facilitate the transcription of eNOS. Under the conditions of
presence or absence of CsV stimulation, overexpression or knockdown of PURA indicated that the effect of CsV on vascular
endothelial function and eNOS was weakened following PURA gene silence, whereas overexpression of PURA gene could
enhance the effect of CsV upregulating eNOS expression. CsV could promote NO release from endothelial cells by upregulating
the expression of PURA/eNOS pathway, improve endothelial cell functions, enhance vasodilation capability, and alleviate vessel
stiffness. The present study plays a role in offering a theoretical basis for the development and application of CsV in vascular
function improvement, and it also provides a more comprehensive understanding of the pharmacodynamics of CsV.
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1. Introduction

In the last decade, improved material responses and
advantages in sciences and technology made many
opportunities in medical issues. Accordingly, vascular
endothelial cells manifest multiple vital biological activities
and characterized by active endocrine functions, allowing to
sense physiological stimuli and regulate responses to
maintain the balance of the endovascular environment.
Endothelial functions include endothelium-dependent
stimulations, namely changes in blood flow shear stress,
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ischemia and certain drugs. The endothelium produces
vasoactive substances through its ability to react
accordingly, and regulates the normal systolic and diastolic
responses of the coronary arteries to maintain blood fluidity
(Vanhoutte et al. 2017). The functions of endothelial cells
can be impaired due to ischemia, lipid deposition, and
mechanical damage to hemodynamics as a result of
endothelial dysfunction. And are closely correlated with
several cardiovascular diseases like atherosclerosis,
hypertension, and unstable angina. Risk factors of
cardiovascular disease initially act on endothelial cells,
leading to endothelial dysfunction, and endothelial function
damage and aggravates cardiovascular diseases (Godo and
Shimokawa 2017).

Endothelial nitric oxide synthase (eNOS) refers to the
nitric oxide synthase (NOS) that mainly exists in
endothelial cells, serving as a key enzyme involved in
regulating diastolic function of the cardiovascular system.
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The cells are recognized as one of the most important
endogenous vasodilator factors (Tsutsui et al. 2009). The
NO produced by eNOS catalyzed by L-arginine can
regulate vascular tension, inhibit the proliferation of
vascular smooth muscle cells, mediate vascular endothelial-
dependent angiogenesis and thrombosis, so as to maintain
the homeostasis of the cardiovascular system (Boucher et
al. 1999). NO released by endothelial cells in the basal state
participates in maintaining the normal tension of blood
vessels, which is of great significance to the protection of
endothelial function.

Panax japonicus is a species included in the
Pharmacopoeia of the People’s Republic of China. It is
clearly identified as the dried rhizome of Panax japonicus
C. A. Mey, and is effective in invigorating deficiency and
reinforcing strength, suppressing cough and eliminating
phlegm, dispelling blood stasis and hemostasis,
detumescence and relieving pain. The main ingredient of
Panax japonicus is Chikusetsusaponin, of which the content
of Chikusetsusaponin V (CsV) is the highest and it is one of
the most effective ingredients. Previous studies have found
that Chikusetsusaponin can protect the cardiovascular
vessels. Animal experiments have proved that Panax
japonicus extract can enhance the amplitude of animal’s
cardiac contractions, cardiac output and coronary blood
flow, upregulate the ratio of cAMP/cGMP in the
myocardium, and strengthen the heart and benefit blood
vessel dilation. In vitro experiments have indicated that
Chikusetsusaponin IVa can improve the survival rate of
cardiomyocytes in myocardial injury model (Huang et al.
2021b, ¢, Ma et al. 2021, Zhao et al. 2021, Yu et al. 2022).
Additional experiments have shown that the total saponins
of Panax japonicus can exert satisfactory protective effects
on cerebral ischemia injury, and substantially inhibit the
NOS activity in the hippocampus of animals with cerebral
ischemia injury. However, few researches have been carried
out to explore the effect of CsV on vascular endothelial
function and eNOS.

Previous studies have revealed that CsV can upregulate
eNOS protein levels in vascular endothelial cells in a
concentration and time dependent manner. The mRNA
expression level of eNOS and the phosphorylation sites
Ser1177, Ser633 and Thr495 all increased markedly after
CsV stimulation. In addition, some studies have also
reported that CsV can enhance the tube formation ability of
HUVECs cells. It is therefore that we put forward the
hypothesis: CsV can monitor vascular endothelial function
by regulating the expression of eNOS.

2. Materials and methods
2.1 Cell culture

Both BAECs and HUVECs were purchased from ATCC
(USA). BAECs were cultured in vitro with DMEM medium
containing 100 U/mL penicillin, 100 mg/mL streptomycin
and 10% FBS, Meanwhile, HUVECs were cultured using
199 medium containing 20% FBS, 20 pg/mL endothelial
cell growth supplement, 100 pg/mL heparin, 2 mM L-
glutamine, 1% penicillin and streptomycin. Both cell types
were incubated under 5% CO2, 37°C and 95% humidity.

The BAECs employed in the experiments passed 6-10
passages. The CsV stimulation on BAECs and HUVECs
was performed in two approaches. One was conducted by
adding CsV at different concentrations (0, 12.5, 25, 50, and
100 pM) to the culture medium of cells and lasted 24 h. The
other method was to add 100 pM CsV to the culture
medium at different time points (0, 6, 12, 18, and 24 h) after
the culture started.

2.2 Animal feeding

The experimental animals were male C57 BL/6 mice (6-
8 weeks weighing 20-25 g), which were purchased from
Ensiweier Biotechnology Co., Ltd. (Chongging, China). All
mice were fed free with water and food and raised under
standard conditions with 12-h light and dark alternation, the
temperature was set at 23 + 1°C, and humidity was 55 +
5%. After weighed and randomly grouped, the animals were
administered at different concentrations of CsV (0, 200,
400, 600, and 800 mg/kg) intragastrically once per day. The
mice were sacrificed 28 d after injection for tissue
extraction. The normal control group was given phosphate
buffered saline (PBS). The administration of 800 mg/kg
CsV was given by gavage at different time (0, 7, 14, 21, and
28 d, once per day).

2.3 Preparation of CsV solution

Panax japonicus decoction pieces (produced by
Xinkang Pharmaceutical) were taken, added water for
distillation with reflux extraction twice, and mixed the
extracting solution. After pressure reduction, the obtained
decoction was concentrated to an appropriate volume,
subpackaged, and stored in a refrigerator. A 1000 pg/mL
CsV solution was prepared by adding 10 mg CsV into 10
mL high-glucose DMEM containing 1% FBS and sterilized
by using 0.22 um filter membrane. High-glucose DMEM
was used to obtain the desired concentration.

2.4 qRT-PCR

Detection of mRNA expression in the sample was
carried out according to the instructions of the TAKARA
kit. The reaction system was RNA, 2.2 uL, OligodT, 2 pL,
dNTP, 4 uL, 5xbuffer, 4 ul, Reverse Transcriptase, 1 pL,
RNAase inhibitor, 0.5 pL, and RNAase free ddH20 was
added to 20 pL. The reaction conditions were set at 25°C
for 5 min, 50°C for 15 min, 85°C for 5 min, and 4°C for 10
min. The qRT-PCR assay was carried out in accordance
with gRT-PCR kit from Tsingke Biological Technology.
The reaction system was 4 uL ¢cDNA, Forward primer, 0.4
uL, Reverse primer, 0.4 uL, SYBRGreen, 10 pL, and H20,
5.2 pL. The reaction conditions were 50°C for 2 min, 95°C
10 min, 95°C 30 sec, and 60°C 30 sec for 40 cycles. The
2-AACT algorithm was used to calculate the relative gene
expression levels.

2.5 Western blotting
The tissue were added with lysate, lysed on ice 30 min,

centrifuged at 13 000 g for 15 min and the supernatant was
obtained. Following the protein concentration was
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determined by BCA method, the solution was diluted with
loading buffer and boiled for 5 min at 100°C. The protein
was separated in 10% SDS-polyacrylamide gel by
electrophoresis at 80 V for 2 h, and subsequently transferred
to a PVDF membrane. The membrane was blocked with 5%
skimmed milk for 1 h at room temperature (RM), and
incubated with the following antibodies at 4°C overnight
respectively: anti-eNOS (Cat No. 07-520), P-eNOS
Ser1177 (Cat No. 07-428), P-eNOS Ser633 (Cat No. 07—
562), and P-eNOS Thr495 (Cat No. 04-811) were
purchased from Millipore (Massachusetts, USA). Anti-f-
actin  (1:1000, Beyotime) was employed as internal
reference. The membrane was then washed with TBST
three times, 10 min each time. Secondary antibodies (HRP
Goat Anti-Rabbit 1gG, 1:1 000, ABclonal) were added and
incubated at RM for 1 h. The membrane was washed with
TBST three times again, 10 min each time. ECL reaction
solution was added, Bio-Rad developer was used for
development. The Image Lab software was employed for
quantitative analysis of the bands.

2.6 Cell NO release determination by the nitrate
reductase method

The culture medium of each group was collected, heated
in boiling water for 5 min to denature the protein, and
centrifuged at 12 000 g for 5 min. The supernatant was
obtained for subsequent determination. The complete
medium was applied to dilute the 1M NaNO2 into 2, 5, 10,
20, 40, 60, and 80 pmol/L to prepare a standard culture
solution. Approximate 3 mL of double-distilled water was
supplemented to 5 mg NADPH, mixed reversely to dissolve
it completely to prepare 2 mM NADPH. FAD was prepared
in an appropriate solution. Nitrate Reductase and LDH were
taken out and placed on ice together with other reagents for
use. A 96-well plate was firstly wrapped with aluminum foil
to avoid light, and then added the standard, sample, and
detection reagents in sequence. Wells of negative control
were supplemented with 200 uL. PBS. A microplate reader
at A450 wavelength was employed for the determination
and a standard curve was plotted. The concentration of
nitric oxide in the sample was calculated according to the
standard curve.

2.7 Tube formation assay

BD Materiel (5 mg/mL, BD Biosciences, USA) was
spread on a 48-well plate (120 pL/well) cushioned by ice
cubes, and solidified at 37°C for 2 h. After the matrigel was
solidified, HUVECs were carefully added at 3.0 x 10*/well,
and incubated 6 h at 37°C, 5% CO; incubator. The EVOS
FL automatic microscopic imaging system was used and
microscopic fields were randomly selected. Subsequently,
Image J was applied for data analysis. Five low magnified
visual fields (40x) in each well were randomly selected and
the total length of the tubules and branch was calculated.

2.8 Pull down assay

The 6xHis-NPM1 (pET-28a) plasmid was transformed
into BL21-DE3 competent cells and cultured to induce
protein expression. The 6xHis-NPM1 monoclonal colonies

were supplemented to 5 mL medium (containing amp
antibiotics), incubated at 37°C on a shaker for 12-15 h,
inoculated at 1:100 rate in 50 mL medium (containing amp
antibiotics), and cultured at 37°C until the A600 absorbance
value was at 0.6-0.8. By addition of 100 mM IPTG, a final
concentration was set at 1.0 mM to induce expression. The
culture continued at 30°C for 2-4 h. Then the bacterial
solution was centrifuged at 7700 g for 10 min. The
supernatant was discarded, and the cells were dried on ice.
The precipitate was resuspended using 2.5 mL PBS, and 10
puL for subsequent SDS-PAGE analysis. Next, the cells
were lysed by adding 25 uL lysozyme. Dry ice to freeze and
thaw three times. Ultrasound was performed for the clear
bacteria solution. The supernatant was obtained by
centrifuged at 12 000 g for 15 min. Glutathione sepharose
4B beads were prepared and combined with GST fusion
protein. 20 uL prepared Sepharose 4B beads was taken per
sample, added with 1 mL binding buffer, and then 5 pg
purified GST control protein, containing six mutant proteins
(1-5883aa full-length GST-PES1 protein, 1-415aa, 322-
455aa deletion, 322-588aa, 220-588aa, and 101-588aa). The
mixture was incubated at RM for 1 h to perform the pull-
down experiment. 100 uL of His-NMP1 induced expression
lysate was added to each sample, mixed overnight at 4°C,
centrifuged at 500 g for 5 min and discard supernatant.
Followed by 3-4 cycles of washing using lysis buffer, the
samples were added with 2x SDS loading buffer and boiled
for 10 min. Western blot was used to analyze the results.
Antibodies were detected using anti-HIS labels.

2.9 Mass spectrometry analysis

Mass spectrometry was performed by BestNovo
(Beijing) Medical Technology Co., Ltd.

2.10 Molecular docking

AutoDock and MATLAB softwares (Liu et al. 20204, b,
Zhou et al. 2020, Dai et al. 2021a, Habibi et al. 2021, Hou
et al. 2021, Huang et al. 20214, b, d, Jiao et al. 2021, Liu et
al. 2021, Moradi et al. 2021, Shao et al. 2021, Wu and
Habibi 2021, Xu et al. 2021, Zhang et al. 2021, Dong et al.
2022, Luo et al. 2022, Yang et al. 2022, Yu et al. 2022) was
employed to perform molecular docking described as
described previously. The binding preference of CsV on
PURA was analyzed.

2.11 Chromatin immunoprecipitation assay (ChIP)

After the cells grew to 80%~90%, the supernatant was
removed and 37% formaldehyde (final concentration 1%)
was added to fix the cross-linked cells. Ten min later, 0.125
mol/L glycine was added to terminate the crosslinking at
RM for 5 min. The cells were collected with a scraper and
cell lysate was added and genomic DNA was extracted
according to the instructions of genomic DNA extraction
kit. The DNA was broken into length of 200-1000 bp using
an ultrasonic cell crusher. 20 pL Protein A/G Agarose
Beads were added, and gently shaken at 4°C for 1 h to
remove non-specific antibody. The immunoprecipitation
antibody was added to the supernatant, vibrated mildly at
4°C overnight, and the immune complex (antibody-protein-
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DNA) was harvested. In addition, 50 uL supernatant free of
antibody addition was taken as negative control to verify
the detection characteristics. The beads were washed by
being added with 200 uL. ChIP elution solution with three
repeats to obtain 600 pL eluent. As the eluent contained
protein of interest and associated binding DNA, by
supplementing 24 pL 5 mol/L NaCl, formaldehyde
crosslinking was removed overnight. Anhydrous ethanol
was provided and placed at -80°C for 45 min, the cells were
washed using 70% ethanol twice, added TE buffer (10 mM
Tris-HCI, ImM EDTA, pH8.0) to dissolve the precipitation,
and supplemented with 50 pg protease K and bathed at
50°C for 30 min. Equal volume of phenol/chloroform/
isopentyl alcohol (25:24:1) was added for extraction twice
and the supernatant was collected. 2 uL glycogen and 2
times volume of anhydrous ethanol were added, placed at -
20°C for 2 h, and centrifuged. The precipitate was washed
with anhydrous ethanol once, and the IP DNA precipitate
was resuspended with 30-50 pL sterilized water. Chromatin
immunoprecipitation DNA was analyzed and protein
binding sites on DNA were identified. Primers were
designed based on the target sequences. Quantitative
fluorescence PCR was used to compare the amount of DNA
products precipitated by specific and non-specific
immunoantibodies.

2.12 Dual-luciferase assay

Cell and plasmid transfection were grouped as follows:
NC+peNOS-promoter-WT, NC+peNOS-promoter-mut,
pCMV-PURA+peNOS-promoter-WT, and pCMV-PURA+
peNOS-promoter-mut. Luciferase Assay Reagent Il (LAR
I1) working solution was added to the 96-well plate, mixed
with cell lysate, to determine and record the Firefly
luciferase value, which was used as the luminescence value
of the reporter gene. After adding 100 uL Stop & Glo®
Reagent the Rinella luciferase values were measured and
recorded, which was used as the internal reference value.

2.13 Vasodilation function determination

C57 BL/6 mice were anesthetized using sodium
pentobarbital (3.5 mg/100 g), The thoracic aorta of the mice
was isolated immediately, the adhering lipid and connective
tissue were dissociated, and was cut into vascular rings of
2-3 mm in width, Then immersed in bicarbonate buffer
(NaCl: 130 pmol/L, NaHCO3: 14.9 umol/L, KCI: 4.7
pmol/L, KH2PO4: 1.18 pumol/L, MgSO4: 1.17 pmol/L,
CaCl2: 1.6 umol/L, Ethylenediaminetetraacetic acid
(EDTA): 0.026 pmol/L, glucose: 5.5 umol/L, physiological
aqueous solution (PSS) of PH value at 7), And fixed on a
Mulvany-Halpern myograph (620M, DMT, Denmark), the
test was started after equilibration for 60 min, The DMT
transducer system was preloaded with the vascular rings
and collected the tension data and input in the computer
applying LabChart software, After equilibration, the
samples were stimulated using potassium-physiological salt
solution (K-PSS) containing bicarbonate buffer for 10 min,
Then, the wvascular rings were washed with PSS,
Norepinephrine (NE) solution (107 mol/L, the First
Affiliated Hospital-Chongging medical university) was
employed to stimulate. Ultimately, the cumulative

concentration effect curve of thoracic aorta was plotted
which was under the action of endothelium-dependent
relaxation agonist-acetylcholine (ACh, 10%-10°° mol/L,
Sangon Biotech (Shanghai) Co., Ltd.).

2.14 Ultrasound detection of mouse aortic arch pulse
wave velocity (PWV)

After anesthesia, the mice were fixed in a supine
position, and the skin of anterior thorax was fully prepared
and underwent detection using echocardiographic Doppler
(Vevo03100, VisualSonics Inc., Toronto, ON, Canada). The
displacement distance along the arch of the aorta between
both points was measured on the same imaging plane,
which was defined as D1. Combined with ECG monitoring,
the time difference between QRS wave in ascending aorta
(aortic ring) and Doppler wave in ascending aorta was
recorded as T1, The time difference between QRS wave of
the descending aorta and Doppler wave of the descending
aorta was recorded as T2 (T1 and T2 records were not less
than 10 consecutive cardiac cycles). The formula of mouse
aortic arch pulse wave velocity was calculated as PWV =
D1/[T2 - T1 (cm/s)].

2.15 Function recovery verification test

The eNOS-binding protein screened in the previous
experiment was used by silencing and overexpressing at the
cellular and animal level respectively, and the endothelial
cells and vascular functions were observed with or without
CsV stimulus. Non-CSV stimulus grouping: silent control
group, silent group, overexpression control group, and
overexpression group. CSV stimulus grouping: control
group, CsV group, silent group, CsV+ silent group,
overexpression group, and CsV+overexpression group. The
mMRNA and protein expression of eNOS were determined,
and the amount of cell NO release and serum NO level were
detected. Tubule formation assay was used to measure the
tubule formation ability, vasodilation function and aorta
stiffness of HUVECs cells.

2.16 Statistical analysis

Graphpad 6.0 software was used (Habibi et al. 2019b),
and the test data were expressed as mean + SD (standard
deviation) (Adamian et al. 2020, Bai et al. 2020, Li et al.
2020a, b, Zare et al. 2020, Zhang et al. 2020, Dai et al.
2021b, Guo et al. 2021). One-way ANOVA test was
employed for statistical analysis among groups. P < 0.05
was considered statistically significant (Habibi et al. 2019a,
Ebrahimi et al. 2020, Chen et al. 2022).

3. Results

3.1 Effects of CsV on intracellular eNOS expression
and endothelial functions

We treated BAECs with 0, 12.5, 25, 50, and 100 uM of
CsV for 24 h, and detected the expression of eNOS protein
by WB. The results were shown in Figs. 1A and 1B, the
expression of eNOS increased with the increased
concentration of CsV (p < 0.05), The amount of cell NO
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release was detected as shown in Fig. 1E, and the amount of
NO released also increased with the increase of CsV
concentration (p < 0.05). We subsequently selected 100 uM
CsV for BAECs treatment 0, 6, 12, 18, and 24 h, and
detected the expression of eNOS protein using WB. The
results were presented in Fig. 1C-D, the expression level of
eNOS increased with the increase of CsV treatment time (p
< 0.05), The cell NO release was detected as shown in Fig.
1F, and the NO release also increased with the increase of
CsV treatment time (p < 0.05). According to the described
experimental results, the optimal concentration (100 puM)
and optimal time (24 h) of CsV were selected to treat
BAECs. RT-gPCR was used to detect the expression of
eNOS mRNA (Fig. 2A) and the results showed that the
expression of eNOS after CsV treatment was markedly
higher than that of the control group (p < 0.05). WB
detection was conducted to determine the protein
expression of total eNOS and its phosphorylation sites. The
results were shown in Fig. 2B-C. After CsV treatment, the
protein expressions of total eNOS and its phosphorylation
sites were markedly elevated compared with the control
group (p < 0.05). Further comparison of the protein
expression levels of eNOS phosphorylation sites Ser1177,
Ser633, and Thr495 and total eNOS indicated no statistical
significance (Fig. 2D), suggesting that an increase in total
eNOS protein content resulted in an increase in protein
content at the corresponding phosphorylation site.

The tubule formation assay was used to detect the tube
formation ability of HUVECSs. The results were shown in
Figs. 2E-2G. The total tubule length and total branch length
of HUVEC: increased following the treatment with 100 uM
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CsV for 24 h compared with the control group (p < 0.05),
suggesting that CsV could enhance the tube formation
ability of HUVECs.

3.2 Effects of CsV on eNOS and vasodilation in mice

To verify the effects of CsV on eNOS and vasodilation
in mice, male C57 BL/6 mice were administered with CsV
intragastrically at 0, 50, 100, 150, and 200 mg/kg for 28 d.
WB was used to detect eNOS protein expression, as shown
in Figs. 3A and 3B. eNOS expression increased with the
increase of CsV concentration (p < 0.05). The amount of
cell NO release was detected as shown in Fig. 3E, and the
amount of NO released also increased with the increase of
CsV concentration (p < 0.05). We subsequently selected
200 mg/kg CsV to gavage the male C57 BL/6 mice and
detected the expressions of eNOS protein on day 0, 7, 14,
21, and 28 d, using WB. The results were presented in Figs.
3C-3D, the expression levels of eNOS increased with the
increase of CsV treatment time (p < 0.05), The cell NO
release was detected as shown in Fig. 3F, and the NO
release also increased with the increase of CsV treatment
time (p < 0.05). According to the described experimental
results, the optimal concentration (200 mg/kg) and optimal
time (28 d) were selected for CsV intragastric administration
of male C57 BL/6 mice and the aorta of mice were
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collected. RT-gPCR was used to detect the expression of
eNOS mRNA (Fig. 4A) and the results showed that the
expression of eNOS after CsV treatment was markedly
higher than that of the control group (p < 0.05). WB
detection was conducted to determine the protein
expression of total eNOS and its phosphorylation sites. The
results were shown in Figs. 4B and 4C. After CsV treatment
the protein expressions of total eNOS and its
phosphorylation sites were markedly elevated compared
with the control group (p < 0.05). Further comparison of the
protein expression levels of eNOS phosphorylation sites
Ser1177, Ser633, and Thr495 and total eNOS indicated no
statistical significance (Fig. 4D), suggesting that the
increase of total eNOS protein content in mouse aortic
endothelial cells resulted in the increase of corresponding
phosphorylation site protein content.
Acetylcholine-mediated vasodilation was an important
indicator of vascular endothelial activity. The functional
status of endothelium-dependent vasodilation was closely
related to endothelial integrity and ROS levels, especially
the function status of eNOS. Therefore, we investigated the
effect of CsV on acetylcholine-mediated vasodilation. The
role of ACh-mediated endothelial cell-dependent vasodilation
in NE-induced aortic contraction was investigated in control
and CsV groups. The aorta of mice which were administered
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with the optimal concentration and time intragastrically was
taken for vasodilation function detection. The vasodilation
test was performed using acetylcholine at a concentration of
108-10°° M (Fig. 4E). The percentage of vasodilation in
CsV group was higher than that in control group (p < 0.05).
Results of Ach concentration (ECsg) that produced 50%
vasolatation in aorta were shown in Fig. 4F. ECso of mice in
CsV group was lower than that in control group (n =5, p <
0.05). PWV measurement has been considered as a gold
standard method for assessing atherosclerosis and has been
well validated as a powerful predictor of adverse
cardiovascular outcomes in a large population. Aortic arch
pulse wave velocity was measured by B-ultrasound in male
C57 BL/6 mice after optimal concentration and time of
intragastric administration to reflect aortic stiffness.
Ultrasonic imaging was firstly used to measure the root
diameter of aortic annulus, sinus of valsalva and sinotubular
junction (Fig. 4G, left). The results were shown as follows
(Figs. 4H-4J). In the aortic annulus measurement, no
significant statistical difference was revealed between the
results of the control group and the CsV group. In sinus of
valsalva measurement, the root diameter of CsV group was
larger than that of control group, and the difference was
statistically significant (n = 5, p < 0.005). In sinotubular
junction measurement, the root diameter of CsV group was
larger than that of the control group, and the difference was
statistically significant (n = 5, p < 0.005). A representative
B-ultrasound view of aortic arch distance was shown in Fig. 4G
(right). PWV results of the two groups of mice were

calculated according to PWV = D1/[T2-T1 (cm/s)] (Fig.
4K). PWV of CsV group was lower than that of control
group, and the difference was statistically significant (n = 5,
p <0.05).

3.3 Prediction and screening of eNOS upstream
transcription factors

The molecular structure of CsV was exported from the
Pubchem database, and the action target of CsV was
predicted and sorted from the SwissTargetPrediction
website (Fig. 5B) including Ptafr, Hsd11b1, F2, Hsd11b2,
Ptpnl, PURA, and FEV. The eNOS promoter sequence was
predicted through the NCBI website, and the upstream
transcription factors that might bind to eNOS were predicted
via the AnimalTFDB3.0 website. Meanwhile, we performed
eNOS transcription factor mass spectrometry analysis on
BAECs cells treated with 100 uM CsV for 24 h (Fig. 5A).
The results of mass spectrometry analysis, CsV target
prediction and eNOS upstream transcription factor prediction
were overlapped with PURA and FEV. The binding effect
of CsV and PURA was analyzed using AutoDock software.
As shown in Fig. 5D, CsV and PURA had hydrogen
bonding effect, while FEV did not find hydrogen bonding
effect with CsV. Therefore, PURA was selected as the
eNOS candidate transcription factor, and PURA binding to
the eNOS promoter was shown in Fig. 5C.

3.4 RT-gPCR and WB verification of the mRNA and
protein expression levels of PURA in BAECs cells after
CsV treatment

BAECs were treated with 100 uM CsV for 24 h, and
total cell RNA was extracted. After reverse transcription,
RT-gPCR was performed to detect the mRNA expression
levels of the mentioned candidate transcription factors.
According to the verification results of RT-gPCR, the
mMRNA expression levels of PURA and eNOS in BAECs
cells treated with CsV were higher than those in the control
group (Figs. 6A and 6B). The difference was statistically
significant (p < 0.05). WB was further employed to verify
the expression differences of PURA and eNOS proteins in
BAECs cells treated with the optimal time and concentration
of CsV. The results were shown in Fig. 6C. The WB results
indicated that the protein expression levels of PURA and
eNOS in BAECs treated with CsV were higher than those in
the control group (Figs. 6D-6E). The difference was
statistically significant (p < 0.05).

3.5 Pull down assay verifies the binding of PURA to
eNOS promoter sequence

The Pull down experiment results showed that PURA
might bind to eNOS promoter, and the expression of PURA
was up-regulated after CsV addition (p < 0.05, Fig. 6F).

3.6 Chromatin immunoprecipitation assay (ChIP)
verifies the binding of PURA to eNOS promoter
sequence

To further verify the transcriptional regulation of PURA
on eNOS gene, ChIP experiment was first performed, to
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Fig. 7 Effects of PURA knockout or overexpression on
eNOS expression and endothelial functions in BAEC
cells

clarify whether PURA protein could bind to the promoter
sequence of eNOS gene. The promoter sequence of eNOS
gene was determined through retrieval of the NCBI website,
and then the possible binding site of PURA on the eNOS
promoter sequence was predicted as procedures of Animal
TFDB3.0 website. The RT-gPCR detection results followed
by ChIP assays indicated that PURA might bind to the
eNOS promoter, and the expression of PURA was
upregulated after the addition of CsV (p < 0.05, Fig. 6G).

3.7 Dual luciferase gene reporter assays

To perform dual luciferase gene reporter assays, the
following plasmids were constructed according to the
predicted sites on the eNOS gene promoter that might bind
to the PURA protein on the AnimalTFDB3.0 website:
peNOS-promoter-WT plasmid and peNOS-promoter-mut
plasmid. NC+peNOS-promoter-WT, NC+peNOS-promoter-
mut, pCMV-PURA+peNOS-promoter-WT, and pCMV-
PURA+peNOS-promoter-mut  were co-transfected into
HEK?293 cells using transfection reagents, respectively, and
each group of cells was transfected with renilla luciferase
plasmid for calibration. The detection results of different
groups of luciferase activities after transfection were shown

in Fig. 6F. The fluorescence activity of peNOS-promoter-
WT group was significantly higher than that of NC+
peNOS-promoter-mut group (p < 0.05), and the fluorescence
activity of pCMV-PURA+peNOS-promoter-mut group was
higher than that of NC+peNOS-promoter-mut group (p <
0.05). The fluorescence activity of pPCMV-PURA+peNOS-
promoter-WT group was significantly higher than the
remaining three groups (p < 0.05). The results indicated that
PURA could bind to the eNOS promoter sequence and
promote the transcription of eNOS gene.

3.8 Effects of PURA knockout or overexpression on
eNOS expression and endothelial functions in BAECs

The mRNA and protein expressions of PURA and
eNOS were detected by RT-gPCR and WB, to verify the
changes of endothelial function after knockout or
overexpression of PURA gene in BAECs. The experiment
grouping included as follows: sh-PURA group, sh-NC
group, PURA-overexpression group, and NC-over-
expression group. The experimental results were presented
in Figs. 7A and 7B that the mRNA expressions of PURA
and eNOS in BAECs were detected by RT-qPCR. After
PURA was silenced, the mRNA expressions of PURA and
eNOS were significantly decreased compared with the
control group, with statistical significance (p < 0.05). After
overexpression of PURA, the mRNA expressions of PURA
and eNOS were significantly increased compared with the
control group, with statistical significance (p < 0.05). As
shown in Figs. 7C-7E, the protein expression levels of PURA
and eNOS in BAECs were detected by WB. Following
PURA silence, the protein expressions of PURA and eNOS
were significantly decreased compared with the control
group, with statistical significance (p < 0.05). As shown in
Fig. 7F, the NO release in BAECs was detected. Following
PURA silence, the NO release in BAECs was significantly
lower than that of the control group (p < 0.05), after PURA
overexpression, the NO release in BAECs increased
significantly compared with the control group and the
difference was statistically significant (p < 0.05). As shown
in Fig. 7G-I1, tube formation experiment was conducted to
detect the tube formation capability of HUVECs. After
PURA silencing, the total tubule length and total branch
length of HUVECs decreased compared with the control
group and the difference was statistically significant (p <
0.05). After overexpression of PURA, the total tubule
length and total branch length of HUVECs were slightly
increased compared with the control group, which was
statistically significant (p < 0.05). The above experimental
results indicated that PURA could improve the endothelial
function of BAECs and enhance the tube formation ability
of HUVECs by upregulating the expression of eNOS.

3.9 Effects of CsV on eNOS expression and
endothelial function in BAECs with PURA knockout or
overexpression

The previously described results indicated that PURA
could change the endothelial function of cells by up-
regulating the expression of eNOS. To further detect the
effects of CsV on eNOS expression and endothelial function



Effects of exploration and molecular mechanism of CsV on eNOS and vascular endothelial functions 509

4“‘?"
e

& Q\‘QY o
PRy A
S 55 o N B

. ENOS ©m - e
S Q¥ P @F L pacin M —————
&5 & < 2\3 's‘ 3 _

D
< NO Emission Value From Cell Culture Media
—_ “&EGRA

eNOS protein level ()

e
FF 5 P
Aol & X &
T
o 09 o
s s
¥ ¥
N )
Q K
&
sh-PURA PURA-overexpression

- 4

CsV+sh-PURA CsV+PURA-overexpression

% 4
| v
4
F G
. g B0
3 ; 28
E3 § 20 -3 E 20
i3 is
=310 ! . 2o .
& (o] 3= iy
0.0 o = 00 -
""go‘*v. & S ge?’ r 4 “‘s,e’r PO *o"’ _,.~°°
&4 F & & g
Q@ & K
e & "‘\ 5\‘ P o
¥
Q\\g? 43\9" & &
& < Zuo et al, Figure 8

Fig. 8 Effects of CsV on eNOS expression and
endothelial function in BAEC cells with PURA knockout
or overexpression

function in BAECs with PURA knockout or overexpression,
the optimal concentration (100 uM) and best time (24 h) of
CsV treatment on BAECs following knockout or over-
expression of PURA gene. The experiment was divided into
six groups: control group, CsV group, sh-PURA group,
PURA-overexpression group, CsV+sh-PURA group, and
CsV+PURA-overexpression group. The experimental
results were presented in Fig. 8A that the mRNA
expressions of eNOS in BAECs were detected by RT-
gPCR. Compared with the CsV+sh-PURA group, the
MRNA expression of eNOS in the sh-PURA group had no
significant change, and was lower than the other four
groups (p < 0.05). The mMRNA expression of eNOS in the
PURA-overexpression group was higher than that in the
control group (p < 0.05). However, after CsV treatment, the
MRNA expression of eNOS in the CsV+PURA-over-
expression group was higher than that in the other five
groups (p < 0.05). The protein expression of eNOS in
BAECs was detected by WB, as shown in Fig. 8B-C.
Compared with the CsV+sh-PURA group, the protein
expression of eNOS in the sh-PURA group had no
significant change, and was lower than the other four
groups (p < 0.05). The protein expression of eNOS in the
PURA-overexpression group was higher than that in the

control group (p < 0.05). However, after CsV treatment, the
protein expression of eNOS in the CsV+PURA-
overexpression group was higher than that in the other five
groups (p < 0.05). The intracellular NO release from
BAECs was detected, as shown in Fig. 8D. Compared with
CsV+sh-PURA group, sh-PURA group had no significant
change in NO release from cells, and was lower than the
other four groups (p < 0.05). The amount of NO release
from cells in the PURA-overexpression group was higher
than that in the control group (p < 0.05). However after CsV
treatment, the cell NO release in the CsV+PURA-
overexpression group was higher than that in the other five
groups (p < 0.05).

As shown in Figs. 8E-8G, tube formation experiment
was conducted to detect the tube formation capability of
HUVECs. Compared with the CsV+sh-PURA group, the
total tubule length and total branch length of HUVECs in
the sh-PURA group had no significant change, and were
lower than those in the other four groups (p < 0.05). The
total tubule length and total branch length of HUVECs in
the PURA-overexpression group were longer than the
control group (p < 0.05). After CsV treatment, the total
tubule length and total branch length of HUVECs in
CsV+PURA-overexpression group were longer than those
in the other five groups (p < 0.05). Taken together, effects
of CsV on vascular endothelial function and eNOS were
weakened following PURA gene silence, whereas
overexpression of PURA gene could enhance the effect of
CsV upregulating eNOS expression. PURA/eNOS pathway
might be the target of CsV regulation of eNOS expression
and vasodilation functions.

3.10 CsV improves mRNA and protein expressions of
PURA and eNOS in mice

To determine the effects of CsV on the expression of
PURA and eNOS in animals, the optimal concentration
(200 mg/kg) and optimal time (28 d) were selected for CsV
intragastric administration of male C57 BL/6 mice and the
aorta of mice were collected. The mRNA expressions
ofPURA and eNOS were detected by RT-gPCR as shown in
Figs. 9A and 9B. The mRNA expressions of PURA and
eNOS were higher than the control group with statistical
significance (p < 0.05). The protein expressions of PURA
and eNOS were detected by WB as shown in Figs. 9C-9E.
After CsV administration, the protein expressions of PURA
and eNOS were significantly increased compared with the
control group, and the difference was statistically
significant (p < 0.05).

3.11 Effects of PURA knockout or overexpression on
eNOS expression and endothelial functions in mice

According to silence or overexpression of PURA gene,
male C57 BL/6 mice were grouped into sh-PURA group,
sh-NC group, PURA-overexpression group, and NC-over-
expression group. Aortic endothelial cells were taken from
the mice, and the mRNA and protein expression levels of
PURA and eNOS, NO release, vasodilation function and
degrees of atherosclerosis were detected to determine the
effects of PURA gene on eNOS expression and endothelial
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Fig. 9 CsV improved mRNA and protein expression of
PURA and eNOS in mice

function of mice. The experimental results were presented
by RT-gPCR detection as shown in Figs. 9F and 9l. The
MRNA expressions of PURA and eNOS in the sh-PURA
group were lower than those in the sh-NC group (p < 0.05),
whereas the mMRNA expressions of PURA and eNOS in the
PURA-overexpression group were higher than those in the
NC-overexpression group (p < 0.05), WB detection were
shown in Figs. 9G-9H, 9J-9K. The protein expressions of
PURA and eNOS in the sh-PURA group were lower than
those in the sh-NC group (p < 0.05), and those in the
PURA-overexpression group were higher compared with
the NC-overexpression group (p < 0.05). The NO release of
mouse aortic endothelial cells was detected and shown in
Fig. 10A. The cell NO release in the sh-PURA group was
lower than that in the sh-NC group (p < 0.05), and that of
the PURA-overexpression group was higher than the NC-
overexpression group (p < 0.05).

We further explored the effect of knockout or over-
expression of PURA gene on acetylcholine-mediated
vasodilation in mice. Vasodilation assays were performed
using acetylcholine at the concentration of 10%-10>° M, as
shown in Fig. 10B. The percentage of vasodilation in the
sh-PURA group was lower than that in the sh-NC group (p
< 0.05), while the percentage of vasodilation in the PURA-
overexpression group was greater than that in the NC-
overexpression group (p < 0.05). The Ach concentration
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Fig. 10 Effects of PURA knockout or overexpression on
eNOS expression and endothelial functions in mice

(ECso) results of 50% vasodilation in the aorta were shown
in Fig. 10C. The concentration of Ach for 50% vasodilation
in the aorta of mice in the sh-PURA group was higher than
that in the sh-NC group (p < 0.05), whereas the
concentration of Ach for 50% vasodilation in the aorta of
mice in the PURA-overexpression group was lower than
that in the NC-overexpression group (p < 0.05). Aortic arch
pulse wave velocity was measured by B-mode ultrasound in
male C57 BL/6 mice after PURA gene was knocked out or
overexpressed to reflect aortic stiffness. Ultrasonic imaging
was firstly used to measure the root diameter of aortic
annulus, sinus of valsalva and sinotubular junction (upper
Fig. 10E). The results were exhibited as follows (Fig. 10D,
F, and G), in the aortic annulus measurement, no statistical
difference was revealed among sh-PURA group, sh-NC
group, PURA-overexpression group and NC-overexpression
group. In the sinus of valsalva measurement, the length of
sinus of valsalva in the sh-PURA group was shorter than
that in the sh-NC group (p < 0.005), and sinus of Valsalva
length in the PURA-overexpression group was longer than
that in the NC-overexpression group (p < 0.005), In the
measurement of sinotubular junction, there was no
statistical difference in the length of sinotubular junction
between sh-PURA group and sh-NC group. The length of
sinotubular junction in PURA-overexpression group was
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Zuo et al, Figure 11
Fig. 11 Effects of CsV on eNOS expression and
endothelial function in mice with PURA knockout or
overexpression

longer than that in NC-overexpression group (p < 0.005). A
representative B-ultrasound view of the aortic arch distance
was shown in Fig. 10E (lower). The PWV results of the
four groups of mice were calculated according to PWV =
D1/[T2 - T1 (cm/s)] (Fig. 10H). The PWV in sh-PURA
group was greater than sh-NC group (p < 0.005) but those
in  PURA-overexpression smaller than the NC-over-
expression group (p < 0.005). The above results indicated
that PURA could upregulate the expression of eNOS in
mice, increase NO release from mouse aortic endothelial
cells, fortify vasodilation function, and alleviate the degree
of arteriosclerosis.

3.12 Effects of CsV on eNOS expression and
endothelial function in mice with PURA knockout or
overexpression

To further detect the effects of CsV on eNOS
expression, endothelial function, vasodilation function and
degree of arteriosclerosis in mice with PURA gene
knockout or overexpression, male C57 BL/6 mice were

intragastrically administrated with CsV at the optimal
concentration (200 mg/kg) and time (28 d), and the aorta of
mice were subsequently obtained. Based on PURA
overexpression or silence and CsV intervention, the
experiment was divided into six groups: control group, CsV
group, sh-PURA group, PURA-overexpression group,
CsV+sh-PURA group, and CsV+PURA-overexpression
group. The experimental results were presented in Fig. 11A
that the mMRNA expressions of eNOS in endothelial cells of
mouse aorta were detected by RT-gPCR. Compared with
the CsV+sh-PURA group, the mRNA expression of eNOS
in the sh-PURA group had no significant change, and was
lower than the other four groups (p < 0.05), whereas the
mRNA expression of eNOS in the PURA-overexpression
group was higher than that in the control group (p < 0.05).
However, after CsV treatment, the mRNA expression of
eNOS in the CsV+PURA-overexpression group was higher
than that in the other five groups (p < 0.05). The protein
expression of eNOS in endothelial cells of mouse aorta was
detected by WB, as shown in Figs. 11B and 11C. Compared
with the CsV+sh-PURA group, the protein expression of
eNOS in the sh-PURA group had no significant change, and
was lower than the other four groups (p < 0.05), The protein
expression of eNOS in the PURA-overexpression group
was higher than that in the control group (p < 0.05).
However, after CsV treatment, the protein expression of
eNOS in the CsV+PURA-overexpression group was higher
than that in the other five groups (p < 0.05). The NO release
of mouse aortic endothelial cells was detected and shown in
Fig. 11D. Compared with CsV+sh-PURA group, sh-PURA
group had no significant change in cell NO release, and was
lower than the other four groups (p < 0.05). The cell NO
release in the PURA-overexpression group was higher than
that in the control group (p < 0.05). However, after CsV
treatment, the cell NO release in the CsV+PURA-over-
expression group was higher than that in the other five
groups (p < 0.05). Vasodilation assays were performed
using acetylcholine at the concentration of 107-10°% M, as
shown in Fig. 11F. Compared with CsV+sh-PURA group,
sh-PURA group had no significant change in percentage of
vasodilation, which was lower than the other four groups (p
< 0.05). The percentage of vasodilation in the PURA-
overexpression group was higher than that in the control
group (p < 0.05). However, after CsV treatment, the
percentage of vasodilation in the CsV+PURA-over-
expression group was higher than that in the other five
groups (p < 0.05). The Ach concentration (ECsg) results of
50% vasodilation in the aorta were shown in Fig. 11E.
Compared with CsV+sh-PURA group, sh-PURA group had
no significant change in ECso, which was higher than the
control (p < 0.05).

ECso in the PURA-overexpression group was lower than
that in the control group (p < 0.05). However, after CsV
treatment, ECso in the CsV+PURA-overexpression group
was lower than that in the other five groups (p < 0.05).

B ultrasonic detection was performed to determine the
mouse aortic arch pulse wave velocity to identify aortic
stiffness (Fig. 11G). Ultrasonic imaging was conducted to
measure the root diameter of aortic annulus, sinus of
valsalva and sinotubular junction (Fig. 11G, left). In the
measurement of aortic annulus (Fig. 11H), there was no
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statistical difference between the control group, CsV group,
sh-PURA group, PURA-overexpression group, CsV+sh-
PURA group, and CsV+PURA-overexpression group, In
the measurement of sinus of valsalva (Fig. 111), there was
no statistical difference between the sh-PURA group and
the CsV+sh-PURA group, and all were lower than the other
four groups (p < 0.05). The root diameter of sinus of
valsalva in the PURA-overexpression group was longer
than that in the control group (p < 0.05), while the root
diameter of the sinus of valsalva in the CsV+PURA-
overexpression group after CsV treatment was longer than
the other five groups (p < 0.05). In the measurement of
sinotubular junction (Fig. 11J), there was no statistical
difference in the root diameter length among the control
group, CsV group, SH-Pura group, Pura-Overexpression
group, and CsV+ SH-Pura group whereas that of CsV+
PURa-overexpression group was longer than the rest five
groups (p < 0.05). A representative B-ultrasound view of
aortic arch distance was presented in Fig. 11G (right). PWV
results of the six groups of mice were presented (Fig. 11K).
There was no statistical difference between the sh-PURA
group and the CsV+sh-PURa group, and both of them were
greater than the other four groups (p < 0.05). PWV in the
PURA-overexpression group was lower than that in the
control group (p < 0.05). However, after CsV treatment,
PWV in the CsV+PURA-overexpression group was lower
than that in the other five groups (p < 0.05). The previously
described results were in agreement with those of BAECs
assays. After PURA gene silencing in mice, the effects of
CsV on vascular endothelial function and eNOS were
weakened, while overexpression of PURA gene enhanced
the effect of CsV on eNOS expression. Further in vivo
verification indicated that CsV might improve vascular
endothelial functions through PURA/eNOS pathway.

4. Discussion

Cardiovascular disease is a common disease that
seriously threatens the health of human beings, especially
the middle-aged and elderly people above 50 years of age.

Even if modern medical treatment and inspection
methods are relatively advanced, over 50% of patients may
lose their lives unexpectedly or lose the ability to take care
of themselves. The number of people lost lives due to
cardiovascular disease in the world is as high as 15 million
annually. Vascular endothelial cells, have a series of
complex physiological functions including regulation of
vasomotor and maintenance of stable hemorheology. It
effectively guarantees the normal physiological function of
the circulatory system (Wei et al. 2020). Endothelial cell
dysfunction can initiate or promote the pathogenesis of
various cardiovascular diseases (Zong et al. 2015).
Endothelial cell dysfunction is initially characterized by
altered NO bioactivity, downregulation of eNOS activity,
and reduced endogenous NO production. Consequently, and
endothelial-dependent vasodilation is impaired accordingly
(Nicoll and Henein 2018). The PURA gene encodes a
protein called PURa that consists of a DNA-binding
domain, a glycine rich N-terminal domain, and a glutamine-
glutamine rich C-terminal domain (Cinquina et al. 2021). It

is widely found in wvarious organisms and is highly
conserved during evolution. Meanwhile, it involves in
initiating DNA replication, transcriptional regulation and
mRNA translation. The C-terminus of PURa protein is of
vital significance in maintaining the stability of linear DNA.
As a transcriptional activator, PURa binds to specific
single-stranded DNA, affects the initiation of DNA
replication, and promotes the transcription of specific genes
(Bae et al. 2013), including promotion of the transcription
of genes encoding TNF-a, myelin basic protein, p-integrin,
placental prolactin, TGFB-1, neuron-specific FE65 protein
and PDGF-A protein (Zhang et al. 2012). Pura-related
developmental disorders have also been found to be
associated with congenital cardiovascular disease in recent
studies (Reuter et al. 2020, Hou et al. 2021, Jiao et al. 2021,
Liu et al. 2021, Moradi et al. 2021).

CsV is oleanolic acid type ginsenoside, which has anti-
inflammatory, antiviral and immunomodulatory effects
(Wang et al. 2016). Previous studies have reported its
protection effect on the cardiovascular vessels (Cao et al.
2017) but its mechanisms remain unclear. This study
revealed that CsV treated BAECs in vitro and mouse aortic
endothelial cells in vivo improved the mRNA expression
and protein expression of eNOS, enhanced the tube
formation ability of HUVECs, increased the NO release of
mouse aortic endothelial cells, and minimized the degree of
aortic stiffness in mice. These data obtained suggested that
CsV could improve endothelial cell function and
endothelium dependent vasodilation by upregulating eNOS
expression. To further understand the role of eNOS in the
regulation of vascular endothelial function following CsV
administration, and to clarify the molecular mechanism of
CsV action, this study further explored the upstream
mechanism of eNOS by means of prediction of transcription
factors, network pharmacology analysis, and molecular
docking. It has been identified that PURA might act as a
transcription factor of eNOS, affect the transcription and
expression of eNOS, and participate in the regulation of
eNOS via CsV stimulus. Meanwhile, PURA could bind to
eNOS promoter and promote eNOS transcription by protein
spectrum analysis, ChIP assays and double luciferase
assays. Knockdown or overexpression of PURA gene could
upregulate the expression of eNOS, increase NO release of
mouse aortic endothelial cells, and improve endothelial cell
functions, Following CsV intervention in cells and mice
with knockdown or overexpression of PURA gene, the
results revealed that CsV could upregulate eNOS
expression, improve endothelial cell functions, and alleviate
arterial  stiffness under the condition of PURA
overexpression or normal expression. However, the effect
of CsV was not obvious under the condition of PURA
silencing, and there was no statistical difference with the
negative control group. The previously described results
demonstrated that CsV could promote eNOS transcription
and improve endothelial cell functions by upregulating
PURA expression.

5. Conclusions

CsV could promote NO release from endothelial cells
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by upregulating the expression of PURA/eNOS pathway,
improve endothelial cell functions, enhance vasodilation
capability, and alleviate vessel stiffness. The present study
plays a role in offering a theoretical basis for the
development and application of CsV in vascular function
improvement, and it also provides a more comprehensive
understanding of the pharmacodynamics of CsV.
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