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Background: The primary cause of death in patients with diabetes mellitus (DM) is diabetic macroangiopathy, a complica-
tion that related to the function and number of endothelial progenitor cells (EPCs). Salvianic acid A (SAA) is a
water-soluble active ingredient of Salvia miltiorrhiza, a traditional Chinese medicine used to treat cardiovascu-
lar diseases. The purpose of this study was to explore the effects of SAA on the function of rat EPCs cultured
in vitro in a high-glucose environment.

Material/Methods: Bone marrow-derived EPCs from 40 Sprague-Dawley rats were identified by fluorescence staining. Cell viabil-
ity, apoptosis, tube formation, lactated dehydrogenase (LDH) release, and nitric oxide (NO) production were
detected by 3-[4,5-dimethylthylthiazol-2-yl]-2,5 diphenyltetrazolium bromide assay, flow cytometry, tube for-
mation, LDH, and 3-amino,4-aminomethyl-2’,7’-difluorescein, and diacetate assays, respectively. The expres-
sion levels of proteins were examined by western blotting.

Results: Cultured EPCs showed a cobblestone morphology and positive expression of Dil-ac-LDL and FITC-UEA-1. High
glucose impaired cell viability. Different concentrations of SAA had no significant effect on EPC viability. SAA re-
duced the apoptosis rate and LDH release, but promoted tube formation, viability, and NO production in high-
glucose-treated EPCs. The ratios of p-AKT/AKT and p-eNOS/eNOS in high-glucose-treated EPCs were elevated
by SAA. Phosphoinositide 3-kinase inhibitor LY294002 blocked the rescue effects of SAA on high-glucose-treat-
ed EPCs.

Conclusions: SAA protected EPCs against high-glucose-induced dysfunction via the AKT/eNOS pathway.
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Background

Diabetes mellitus (DM) is a metabolic disorder [1]. The inci-
dence of DM has shown a significantly growing trend world-
wide, with the number of patients with DM at about 463 mil-
lion in 2019 [2]. DM is accompanied by multiple complications
such as macroangiopathy, retinopathy, cardiomyopathy and
renal failure, with macroangiopathy characterized by athero-
sclerosis, with thrombosis being its main complication [3].
Hyperglycemia in the presence of DM impairs the endothelium,
causes endothelial cell apoptosis, and damages the integrity
of the vascular endothelium [4] and are considered to be the
initiating factors of macroangiopathy in DM [4,5]. The above
complications are related, to a greater or lesser degree, to the
reduction of endothelial progenitor cells (EPCs) [6].

EPCs have generated considerable research interest owing to
their extensive therapeutic applications in cell therapy [7]. In
one study, vascular endothelial cells were repaired by adjacent
endothelial cells after continuous stimulus damage. However,
to heal the local irreparable damage, EPCs must first mobilize
from the bone marrow to the peripheral circulation, then to
the lesion, where they differentiate into vascular endothelial
cells [8]. Studies have reported that EPCs contribute to throm-
bus resolution and recanalization and repair the blood ves-
sel damage caused by diabetes [8,9]. Although EPCs possess
great potential in cell therapy, their functions can be imped-
ed by cardiovascular diseases, dilation diseases, and trans-
planted vascular diseases [10]. In addition, high glucose (HG)
destroys the biological function of EPCs. One study reported
that HG increased the accumulation of reactive oxygen spe-
cies (ROS) in the body, which could not be removed by cells,
resulting in oxidative stress damage and impaired metabolism
of EPCs [11]. Thus, it is critical to explore a novel mechanism
to improve the functions of EPCs.

Salvianic acid A (SAA), also known as 3-(3,4-dihydroxyphenyl)-
2-hydroxypropanoic acid, is an aromatic acid compound extract-
ed from the water-soluble ingredients of danshen, the dried
root of Salvia miltiorrhiza [12]. Studies have reported that SAA
exerts a powerful antioxidant activity that inhibits the apop-
tosis of human embryonic hepatocytes induced by y-rays and
prevents the generation of ROS in liver cells [13,14]. SAA re-
duces the levels of intravascular adhesion factors and the pro-
duction of atherosclerotic plaque [15,16]. In addition, SAA has
pharmacological effects such as anti-hypertension, thrombo-
sis inhibition, anti-inflammation, and improvement of myo-
cardial function. However, the underlying mechanism of SAA
on EPCs remains unexplored. Therefore, in this paper we fo-
cus on the effects and mechanism of SAA on HG-treated EPCs.

Nitric oxide (NO) is essential for maintaining normal vascular
tone [17]. In addition, NO is a free foundation that can diffuse
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through cell membranes and, together with certain nitro-
gen-containing derivatives, participates in bodily functioning
through interactions with biological information molecules [18].
Many studies have confirmed that NO not only participates
in the regulation of vascular tension, but also inhibits plate-
let aggregation, monocyte adhesion, inflammation, and oxi-
dation [19]. In this study, we also explored the effect of SAA
on HG-treated EPCs by regulating NO production.

Material and Methods

Animals and Reagents

All animal experiments were conducted with the approv-
al of the Animal Ethics Committee of the Nanjing Hospital
of Chinese Medicine, affiliated with the Nanjing University
of Chinese Medicine (approval No: DS201911035). Sprague-
Dawley (SD) rats were purchased from Guangdong Medical
Laboratory Animal Center (http://www.gdmlac.com.cn/). SAA
(96574-01-5, Yirui, China) was purchased from the Chengdu
Yirui Biotechnology Co (http://www.yiruiplant.com/). LY294002
(ab120243, Abcam, UK) was used to inhibit phosphatidylino-
sitol 3-kinase (PI3K). Forty healthy adult rats with an average
age of 4 months and an average body weight of 200+10 g were
selected as experimental subjects and used to isolate EPCs.
The room temperature and humidity were controlled at 22°C
and 50%, respectively. The rats were kept on a normal diet.

The SD rats were euthanized by cervical dislocation after an-
esthesia with 1% pentobarbital (40 mg/kg) (76-74-4, Merck,
Germany), and then the bone marrow cavity was washed with
phosphate buffered saline (PBS) (C0221A, Beyotime, China) un-
til the washing solution became colorless and transparent. The
lavage fluid from the bone marrow cavity was collected in a
15 mL centrifuge tube (430791, Corning, USA) and centrifuged.
The supernatant and fat were removed, and cells were resus-
pended with 5 mL of PBS. An amount of 5 mL of lymphocyte
separation solution (P6030, Solarbio, China) and the prepared
cell suspension were added to a new 15 mL centrifuge tube.
Mononuclear cells were obtained by density gradient centrifu-
gation and seeded into 6-well plates, which were coated with
fibronectin (54008, Coring, USA). The cells were grown in M199
medium (11150067, Gibco, USA), which contained 20% fetal
bovine serum (10091, Gibco, USA), 20 ng/mL vascular endo-
thelial growth factor (VEGF) (PRG0113, Thermo Fisher, USA), 5
ng/mL basic fibroblast growth factor (P6348, Beyotime, China),
and 1% penicillin-streptomycin (15140-122, Gibco, USA).

Identification of EPCs

An optical microscope at 100x magnification (BX53M, Olympus,
Japan) was used to observe the morphological changes of cells
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after 4 days, 8 days, and 14 days of cell culture. EPCs were al-
lowed to differentiate and grow in vitro for 2 weeks to reach
70% fusion. Next, 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindo-
carbocyanine-labeled acetylated low-density lipoprotein (Dil-
ac-LDL) (H7970, Solarbio, China) was diluted with medium
to 30 pg/mL, and the dilution was added to the cells and in-
cubated at 37 °C for 4 h in an incubator (Forma Steri-Cycle,
Thermo Scientific, USA). After washing twice with PBS, the
cells were fixed with 4% paraformaldehyde (P0099, Beyotime,
China) for 15 min. Then, 400 pL of 10 pg/mL fluorescein iso-
thiocyanate-Ulex europaeus agglutinin-1 (FITC-UEA-1) (L9006,
Merck, Germany) was added to the specimens and incubated
at 37°C for 1 h in an incubator. A fluorescence microscope at
200x magnification (IX73, Olympus, Japan) was used to ob-
serve the staining results.

Cell Ciability Assay

A 3-[4,5-dimethylthylthiazol-2-yl]-2, 5 diphenyltetrazolium bro-
mide (MTT) assay kit (ab211091, Abcam, UK) was used to de-
tect cell viability. For detection of the effects of HG on the EPCs,
the cells were divided into 2 groups, according to previous re-
search reports [17, 18]: a control group (5.5 mmol/L glucose
and 25 mmol/L mannitol) and an HG group (30 mmol/L glu-
cose). The glucose (921-60-8, Chemsynlab, China) and man-
nitol (M8140, Solarbio, China) were purchased from Beijing
Chemsynlab Co., Ltd. (http://www.chemsynlab.com/) and Beijing
Solarbio Science & Technology Co., Ltd. (http://www.solarbio.
com/), respectively. An amount of 5x10° EPCs were seeded into
each well of 96-well plates and incubated for 1 day, 3 days,
and 7 days. For detection of the effects of SAA on EPCs, cells
were treated with different concentrations of SAA (0, 1, 5, 10,
25, 50, and 100 pmol/L) and incubated for 24 h. To detect the
effects of SAA on HG-treated EPCs, the cells were divided into
4 groups: a control group, HG group, HG+50 group (cells were
pretreated with 50 pmol/L SAA for 24 h and then cultured with
30 mmol/L glucose for 24 h), and HG+100 group (cells were
pretreated with 100 pmol/L SAA for 24 h and then cultured
with 30 mmol/L glucose for 24 h). To detect the effects of
LY294002 on the HG-treated EPCs, the cells were divided into
4 groups: a control group, HG group, HG+SAA group (cells were
pretreated with 100 pmol/L SAA for 24 h and then cultured by
30 mmol/L glucose for 24 h), and HG+SAA+LY294002 group
(cells were pretreated with 100 pmol/L SAA and LY294002 for
24 h and 1 h, respectively, and then cultured by 30 mmol/L
glucose for 24 h). After incubation, 50 pL serum-free medi-
um and 50 pL MTT reagent were added to each well. The 96-
well plates were placed in an incubator for 3 h. Subsequently,
the MTT reagent-medium mixture was removed and 150 pL
of MTT solvent was added into each well, followed by shaking
for 15 min on an orbital shaker (Solaris 4000 Shaker, Thermo
Fisher, USA). The absorbance was examined by a multi-detec-
tion reader (SpectraMax5, Molecular Devices, USA) at 590 nm.

ANIMAL STUDY

Cell Apoptosis Assay

Apoptosis was detected by an Annexin V-FITC apoptosis detec-
tion kit (C1062S, Beyotime, China). An amount of 5x10° cells
and 195 pL of Annexin V-FITC binding solution was added into
a centrifuge tube. Subsequently, 10 pL of Annexin V-FITC and
5 pL of propidium iodide were added to the centrifuge tube
and mixed gently, followed by incubation at room tempera-
ture in the dark for 20 min. Then, the sample was detected by
a flow cytometer (DXFLEX, Beckman, USA) and data were an-
alyzed by CytExpert software (Beckman, USA).

Tube Formation Assay

Pre-cooled matrigel (354230, Corning, USA) was mixed with
serum-free medium, and the mixture was then used to coat
24-well plates. The plates were placed into a 37 °C incuba-
tor for 30 min to solidify the matrigel. Treated cells were dis-
pensed into the plates at 2x10* per well and incubated for 24
h. An inverted microscope (BX53M, Olympus, Japan) was used
to take photographs.

Lactated Dehydrogenase Activity Assay

A lactated dehydrogenase (LDH) assay kit (C0017, Beyotime,
China) was used to detect cytotoxicity. An amount of 3x10°
cells were inoculated in a 96-well plate until the cell density
reached 80%. After the cells were treated according to the ex-
perimental design, the supernatant was removed. Next, 150
pL of LDH release reagent was added to the culture plate and
incubated for 1 h in an incubator. The supernatant was col-
lected and mixed with 60 pL of LDH testing reagent. After in-
cubation in the dark for 30 min at room temperature, the ab-
sorbance was measured at 490 nm by a multi-detection reader.

NO Production

To detect the production of NO, 3-Amino,4-aminomethyl-2’,7’-
difluorescein, diacetate (DAF-FM DA) kits (S0019, Beyotime,
China) were used. DAF-FM DA was diluted with the DAF-FM
DA dilution provided with the kits at a ratio of 1: 1000 to a
final concentration of 5 pmol/L. Cells were collected and re-
suspended with the diluted DAF-FM DA to a concentration of
1x107/mL. Then, the cells were incubated for 20 min at 37°C.
The fluorescence intensity at an excitation wavelength of
495 nm and an emission wavelength of 515 nm was detect-
ed using a multi-detection reader.

Western Blotting
Western blotting was performed as previously described [20].

Proteins were collected using RIPA buffer (P0013B, Beyotime,
China), protease inhibitors (p1005, Beyotime, China), and
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phenylmethylsulfonyl fluoride (ST505, Beyotime, China), quan-
tified by a protein quantification kit (P0011, Beyotime, China),
and separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. Then, electrophoresis was conducted to trans-
fer the proteins into a PVDF membrane (160-0184, Bio-Rad,
USA). The membrane was blocked by 5% dried skimmed milk
powder for 1 h and then incubated with antibodies against Akt
(1: 500, 56kDa, ab8805, Abcam, UK), phosphorylated (p)-Akt
(1: 1000, 56kDa, ab38449, Abcam, UK), endothelial nitric ox-
ide synthase (eNOS) (1: 1000, 133kDa, ab76198, Abcam, UK),
p-eNOS (1: 500, 140kDa, ab76199, Abcam, UK), and GAPDH
(1: 1000, 36kDa, ab8245, Abcam, UK). After incubation for 24
h, the membrane was washed by 1% Tris-buffered saline with
Tween 20 and incubated with goat anti-rabbit secondary anti-
body (1: 10 000, ab205718, Abcam, UK) or goat anti-mouse sec-
ondary antibody (1: 10000, ab6789, Abcam, UK). An ECL lumi-
nescence kit (PE0010, Solarbio, China) and a gel imaging system
(FluorChem FC3, Alpha, USA) were used to expose the mem-
brane and visualize the protein bands, respectively. Image)2x
(Rawak Software, Germany) was used to analyze the results.

Statistical Analyses

Data were analyzed by Graph Prism v8.0 (Graphpad Software,
California, USA) and SPSS version 20.0 (SPSS, Chicago, USA).
Comparisons between groups were analyzed by one-way ANOVA
and t test (the experiment shown in Figure 1C). All results were
shown as meantstandard. The level of significance was de-
fined as P<0.05.

Results

Identification of Bone Marrow-Derived EPCs

EPCs showed a round or elliptical shape after cultivation for 4
days, exhibited a fusiform or round shape after 8 days of cul-
ture, and eventually presented a cobblestone morphology after
culture for 2 weeks (Figure 1A). Cells with positive expression
of Dil-ac-LDL and FITC-UEA-1 were identified as differentiated
EPCs (Figure 1B). To detect the effects of HG and SAA on cell
viability, MTT assay was conducted. EPC viability was strongly
suppressed in the HG group (Figure 1C, P<0.01), whereas dif-
ferent concentrations of SAA had no significant effect on EPC
viability (about 100%, Table 1, P>0.05). Therefore, we chose
50 pymol/L and 100 pymol/L SAA for subsequent experiments.

SAA at Different Concentrations Alleviated The Effects of
HG on Apoptosis, Tube Formation, Viability, LDH, and NO
Release in EPCs

HG greatly elevated the cell apoptosis rate (20%); however,
50 pmol/L (15%) and 100 pumol/L (8%) of SAA reversed the
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elevation of the rate of cell apoptosis by HG (Figure 2A, 2B,
P<0.05). In addition, the inhibitory effect of 100 pmol/L of SAA
on the cell apoptosis rate in an HG environment was stronger
than that of 50 pmol/L of SAA. Similarly, the branch points,
cell viability, and NO production were inhibited and the lev-
el of LDH (150%) was promoted in the HG group; howev-
er, SAA reversed these effects in a dose-dependent manner
(Figure 2C-2G, P<0.05).

Effects of SAA at Different Concentrations on the
Expression Levels of Akt/Enos Pathway-Related Proteins in
the HG Environment

To investigate the underlying mechanism of the effect of SAA
on the Akt/eNOS pathway, western blot analysis was performed
to evaluate the expression levels of Akt/eNOS pathway-related
proteins. We found that the expressions of p-Akt (0.3) and p-
eNOS (0.2) were inhibited by HG, whereas this inhibition was
blocked by SAA in a dose-dependent manner (Figure 3A, 3B,
P<0.01). However, there was no significant difference in the
expressions of Akt and eNOS between the groups. Meanwhile,
the ratios of p-Akt/Akt and p-eNOS/eNQS in the HG group (0.4
and 0.3, respectively) were more than 2 times lower than those
in the control group (1.2 and 0.5, respectively). The inhibitory
effects of HG on the ratios of p-Akt/Akt and p-eNOS/eNOS were
reversed by SAA at 50 pmol/L (0.6 and 0.6, respectively) and
100 pmol/L (1.1 and 0.9, respectively) (Figure 3C, 3D, P<0.05).

Effects of Combined SAA and PI3K Inhibitor on the
expressions of Akt/Enos Pathway-Related Proteins in the
HG Environment

Similar to the previous results, HG reduced the expressions of
p-AKT and p-eNOS (0.3 and 0.25), SAA reversed the inhibitory
effect of HG (0.9 and 0.8), and PI3K inhibitor LY294002 elimi-
nated the effect of SAA (Figure 4A, 4B, P<0.001). Analogously,
after using PI3K inhibitors, the effect of SAA on restoring the
ratios of p-Akt/Akt and p-eNOS/eNOS affected by HG was abol-
ished (Figure 4C, 4D, P<0.001).

Effects of Combined SAA and PI3K Inhibitor on Viability
and LDH and NO Production in HG-treated EPCs

HG alone inhibited cell viability and NO production and in-
creased the LDH level. SAA changed the regulation of HG on
cells, leading to increased cell viability and NO production and
a reduced LDH level. However, the combination of PI3K inhibi-
tor and SAA once again decreased cell viability and NO produc-
tion and elevated LDH levels (Figure 4E, 4G, P<0.05).
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Figure 1. Identification of bone marrow-derived endothelial progenitor cells (EPCs) and effects of high glucose (HG) or different
concentrations of salvianic acid A (SAA) on cell viability. (A) Morphology of EPCs derived from bone marrow. Scale bar=100
pum. (B) 1,1’-Dioctadecyl-3,3,3’,3"-tetramethylindocarbocyanine-labeled acetylated low-density lipoprotein (Dil-ac-LDL) and
fluorescein isothiocyanate-Ulex europaeus agglutinin-1 (FITC-UEA-1) double staining for identification of EPCs. Scale bar=50
pum. (C) 3-[4,5-Dimethylthylthiazol-2-yl]-2,5 diphenyltetrazolium bromide (MTT) assay was performed to determine the
effects of HG (30 mmol/L) on EPC viability at 1 day, 3 days and 7 days after culture. (Forty rats were used in this experiment.)

** P<0.01 compared to the control group.

Table 1. Effects of different concentrations of SAA on cell viability.

SAA concentration (umol/L) 0 1

Relative cell viability (%)

SAA — salvianic acid A.
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Figure 2. Salvianic acid A (SAA) at different concentrations regulated apoptosis, tube formation, viability, lactated dehydrogenase
(LDH) and nitric oxide (NO) production in endothelial progenitor cells (EPCs) under high concentration of glucose.
(A, B) Flow cytometry showing the effect of SAA on the apoptosis of high-glucose (HG)-treated endothelial progenitor cells
(EPCs). *** P<0.001 compared to the control group. ¥ P<0.05 compared to the HG group. (C, D) Tube formation assay showing
the effect of SAA on the tube formation of HG-treated EPCs. *** P<0.001 compared to the control group. # P<0.01 compared
to the HG group. (E) 3-[4,5-Dimethylthylthiazol-2-yl]-2,5 diphenyltetrazolium bromide (MTT) assay showing the effect of
SAA on the viability of HG-treated EPCs. *** P<0.001 compared to the control group. # P<0.05 compared to the HG group.
(F) LDH assay showing the effect of SAA on the cytotoxicity of HG-treated EPCs. *** P<0.001 compared to the control group.
# P<0.05 compared to the HG group. (G) 3-Amino,4-aminomethyl-2’,7’-difluorescein diacetate (DAF-FM DA) was used to
detect the effect of SAA on NO production in HG-treated EPCs. ** P<0.01 compared to the control group. # P<0.05 compared
to the HG group. The cells were divided into 4 groups: control group (5.5 mmol/L glucose and 25 mmol/L mannitol), HG
group (30 mmol/L glucose), HG+50 group (cells were pretreated with 50 pmol/L SAA for 24 h and then cultured with
30 mmol/L glucose for 24 h) and HG+100 group (cells were pretreated with 100 pmol/L SAA for 24 h and then cultured with
30 mmol/L glucose for 24 h).

Discussion of EPCs to regulate EPC dysfunction [22]. In our present study, we

first demonstrated the effect of SAA on improving EPC dysfunc-

The main cause of death and disability in DM is chronic complica-
tions, especially diabetic macroangiopathy, which is a huge bur-
den for patients [21]. EPC dysfunction is a possible cause of di-
abetes-induced macroangiopathy because of its participation in
endothelial dysfunction and angiogenesis [6]. Therefore, improv-
ing EPC dysfunction has become a novel and hot research topic.
Previous research has reported that metformin, insulin, and oth-
er commonly used drugs for diabetes may increase the number
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tion in HG treatment. The EPCs of rats are generally derived from
the peripheral blood, bone marrow, and spleen. Because the larg-
est number of EPCs are in the bone marrow, we isolated and cul-
tured the stem cells from the femur and tibia bone marrow cav-
ities. After culturing the cells for 2 weeks, we observed that the
cells showed a cobblestone-like morphology, which was consis-
tent with the results of previous experiments [23]. Next, EPCs were
identified by Dil-ac-LDL and FITC-UEA-1 dual fluorescence staining.
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Figure 3. Effect of salvianic acid A (SAA) at different concentrations on the expression level of Akt/eNOS pathway was detected
by western blotting. (A, B) Western blotting was performed to detect the protein levels of Akt, p-Akt, eNOS, and p-eNOS.
*** P<0.001 compared to the control group. # P<0.01 compared to the high-glucose (HG) group. (C) The ratio of p-Akt/Akt.
*** P<0.001 compared to the control group. # P<0.05 compared to the HG group. (D) The ratio of p-eNOS/eNOS. *** P<0.001
compared to the control group. #* P<0.05 compared to the HG group. The cells were divided into 4 groups: control group
(5.5 mmol/L glucose and 25 mmol/L mannitol), HG group (30 mmol/L glucose), HG+50 group (cells were pretreated with
50 pmol/L SAA for 24 h and then cultured with 30 mmol/L glucose for 24 h) and HG+100 group (cells were pretreated with
100 pmol/L SAA for 24 h and then cultured with 30 mmol/L glucose for 24 h).

Previous studies have shown that NO promotes the mobiliza-
tion of EPCs, whereas HG may cause the reduction of NO pro-
duction to reduce proliferation and increase apoptosis in en-
dothelial cells, eventually leading to macroangiopathy in DM
patients [24,25]. SAA, a water-soluble active ingredient extract-
ed from Salvia miltiorrhiza, has been little studied in Europe
and the United States, but it is widely used in the treatment
of cardiovascular diseases in China [16]. Furthermore, Salvia
miltiorrhiza is extensively used in China for treatment of liv-
er disease [26]. It was reported that SAA plays a protective
role in cardiovascular disease and atherosclerosis [16,27].
Moreover, SAA inhibits the apoptosis of vascular endothelial
cells through antioxidant mechanisms [28] and improves en-
dothelial dysfunction and reduces microvascular remodeling in
spontaneously hypertensive rats [29]. Additionally, SAA has an
inhibitory effect on the proliferation and migration of vascular
smooth muscle cells, but does not affect the proliferation and

NO production in endothelial cells [30]. Therefore, we evalu-
ated the role of SAA in HG-treated EPCs. Our results showed
that HG promoted cell apoptosis rates and the level of LDH,
but attenuated tube formation, cell viability, and NO produc-
tion. However, SAA dose-dependently reversed the effects of
HG on EPCs, indicating that SAA had therapeutic effects on
HG-treated EPCs.

The enzyme eNOS has a key role in regulating NO production
and is an important target for the Akt/eNOS signaling path-
way [31,32]. Studies have shown that HG greatly alleviated the
phosphorylation level of eNOS and the bioavailability of NO
[24]. VEGF activated eNOS through the AKT-dependent eNOS
phosphorylation pathway, thereby increasing the number of
circulating endothelial cells [33]. In addition, the activation of
the Akt/eNOS pathway promoted the proliferation, metastasis,
and vascular repairing ability of EPCs [34]. Crocetin elevated
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Figure 4. Effects of combined salvianic acid A (SAA) (100 pmol/L) and phosphoinositide 3-kinase (PI3K) inhibitor on the expressions
of Akt/endothelial nitric oxide synthase (eNOS) pathway-related proteins, cell viability, lactated dehydrogenase (LDH)
and nitric oxide (NO) production in high-glucose (HG)-treated EPCs. (A, B) the expression of Akt/eNOS pathway-related
proteins was measured by western blotting. *** P<0.001 compared to the control group. ## P<0.001 compared to the HG
group. @@ P<0.001 compared to the HG+SAA group. (C) The ratio of phosphorylated (p)-Akt/Akt. *** P<0.001 compared
to the control group. #* P<0.001 compared to the HG group. ®®® P<0.001 compared to the HG+SAA group. (D) The ratio
of phosphorylated (p)-eNOS/eNOS. *** P<0.001 compared to the control group. ## P<0.001 compared to the HG group.
@ee p¢0.001 compared to the HG+SAA group. (E) Detection of cell viability after pretreatment with SAA and PI3K inhibitor.
*** P<0.001 compared to the control group. # P<0.01 compared to the HG group. © P<0.05 compared to the HG+SAA group.
(F) The levels of LDH after pretreatment with SAA and PI3K inhibitor. *** P<0.001 compared to the control group. ### P<0.001
compared to the HG group. @ P<0.01 compared to the HG+SAA group. (G) The level of NO production after pretreatment
with SAA and PI3K inhibitor. *** P<0.001 compared to the control group. * P<0.05 compared to the HG group. ® P<0.05
compared to the HG+SAA group. The cells were divided into 4 groups: control group (5.5 mmol/L glucose and 25 mmol/L
mannitol), HG group (30 mmol/L glucose), HG+SAA group (cells were pretreated with 100 umol/L SAA for 24 h and then
cultured by 30 mmol/L glucose for 24 h) and HG+SAA+LY294002 group (cells were pretreated with 100 pmol/L SAA for 24 h
and LY294002 for 1 h and then cultured with 30 mmol/L glucose for 24 h).
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the bioavailability of NO through the Akt/eNOS pathway to
restore the function of HG-treated EPCs [35]. Therefore, we
determined the expression levels of Akt/eNOS pathway-re-
lated proteins. Our results indicated that SAA restored the ra-
tios of p-Akt/Akt and p-eNOS/eNOS reduced by HG. Thus, we
speculated that SAA may play a regulatory role in HG-treated
EPCs through the Akt/eNOS pathway. To verify this hypothe-
sis, we used the PI3K inhibitor LY294002 to inhibit the PI3K/
AKT signaling pathway. In line with our expectations, LY294002
hindered the effect of SAA on restoring the functions of HG-
treated EPCs in the expressions of Akt/eNOS pathway-related
proteins, cell viability, and LDH and NO production, suggest-
ing that SAA mitigated the regulatory effect of HG on EPCs via
the Akt/eNOS pathway.
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