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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Quancai Sun Glycidol is a well-known food contaminant mainly formed in refined edible oils and various thermally processed

foods. Here, we studied the toxicity effects and related mechanism of glycidol on Human umbilical vein endo-

Keywords: thelial cells (HUVECs). Glycidol was found to induce Gap period 2 (G2)/Mitosis (M) phase cell cycle arrest,
Glycidol apoptosis, and autophagy in HUVECs. Inhibition of autophagy by 3-methyladenine (3-MA) attenuated glycidol-
:ULOI;IS;EY induced cell death, suggesting that glycidol-induced apoptosis was autophagy-dependent. Moreover, glycidol
Agiginin treatment induced phosphorylation of extracellular signal-regulated kinase (ERK), c-Jun N-terminal protein ki-

nase (JNK), and p38. Inhibition of ERK, JNK, and p38 phosphorylation by the inhibitors U0126, SP600125, and
SB203580 attenuated glycidol-induced autophagy and prevented glycidol-mediated reduction in cell viability,
demonstrating that glycidol inhibited HUVECs growth by inducing autophagic-dependent apoptosis through
activation of the ERK, JNK and p38 signaling pathways. In addition, apigenin (API) and its octoic acid diester
apigenin-7 (API-C8), 4'-O-dioctanoate were found to significantly attenuate glycidol-induced cell growth inhi-
bition by inhibiting the above signaling pathways. Collectively, glycidol induces autophagic-dependent apoptosis
via activating the ERK/JNK/p38 signaling pathways in HUVECs and API-C8 could attenuate the toxicity effects.

Mitogen-activated protein kinase (MAPK)
MAPK signaling Pathway

1. Introduction endothelial cells play a key role in regulating and maintaining vascular

health, the dysfunction of endothelial cells has been considered as a key

Glycidol and its esters glycidyl esters (GEs) are well-known food
contaminants mainly formed in refined edible oils and thermally pro-
cessed foods containing salt and fat such as cooked/cured fish or meat,
malt-derived products, and bakery products (Jiang et al., 2021; Wang
et al., 2021a,b), which implies their frequent exposure by the general
public. The epoxide group of glycidol could react with DNA, proteins,
and cellular glutathione under physiological systems, and induce many
diseases such as kidney toxicity, cardiovascular diseases, and cancers
(Bakhiya et al., 2011; Yamada et al., 2010). GEs could be hydrolyzed to
form glycidol in the gastrointestinal tract, thus exhibiting the harmful
effects (Goh et al., 2021; Liu et al., 2021). Endothelial cells are contin-
uously exposed to and in constant contact with serum circulating sub-
stances, making them a target of glycidol (Zhang et al., 2018). Since

trigger of a number of cardiovascular diseases (Cao et al., 2017; Ende-
mann and Schiffrin, 2004; Little et al., 2021; Wang et al., 2021a,b).
Therefore, it is of great significance to study the effect and related
mechanism of glycidol on vascular endothelial cells so as to develop
effective therapeutic strategies to protect Humans from the toxic effects
of glycidol.

Apoptosis, a form of programmed cell death (PCD), is a homeostatic
mechanism to maintain cell populations in tissues. Inappropriate
apoptosis or increased rate of apoptosis of endothelial cells has been
reported to play a deleterious role in the development of common
vascular diseases, including atherosclerosis (Dimmeler and Zeiher,
2000; Hao et al., 2021; Hou et al., 2019; Mallat and Tedgui, 2000; Yao
et al., 2021). Glycidol has been found to induce apoptosis in Wistar
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Albino rat brain cells (Sevim et al, 2021). Autophagy is a
lysosome-dependent cellular degradation program by which cells utilize
lysosomes to degrade their excess or damaged macromolecules and or-
ganelles, and the degradation products can be recycled by cells for
further use. Basic autophagy is necessary for cellular homeostasis and
maintaining the quality of essential components in cells, while excessive
or abnormal autophagy can cause cell death and is closely associated
with various human diseases including vascular disorders (De Meyer,
Grootaert, Michiels, Kurdi, Schrijvers and Martinet, 2015). 3-Mono-
chloropropane diol (3-MCPD) and glycidol co-exposure has been re-
ported to induce autophagic cell death in immortalized rat kidney
epithelial cells (NRK-52E cells) (Liu et al., 2021). At present, however,
whether glycidol exposure could induce apoptosis and autophagy of
vascular endothelial cells and the underlying mechanisms are still
unclear.

Apigenin (API) is a natural flavonoid present in various vegetables
and fruits with numerous biological activities including cancers, dia-
betes, inflammation, and cardiovascular diseases (Kashyap et al., 2018).
It has been reported to reduce high glucose-increased apoptosis in
Human umbilical vein endothelial cells (HUVECs), protect the human
brain microvascular endothelial cells (HBMVECs) from oxygen-glucose
deprivation/reoxygenation (OGD/R)-induced injury through allevi-
ating apoptosis and autophagy, and attenuated OGD/R induced
neuronal injury by its anti-apoptotic and antioxidant properties in rat
adrenal pheochromocytoma cells (PC12 cells) (Han et al., 2017; Pang
etal., 2018; Qin et al., 2016). Apigenin-7, 4'-O-dioctanoate (API-C8) was
an apigenin octoic acid diester identified in fried celeries and was found
with higher lipophilicity and cellular antioxidant activity compared to
API (Yu et al.,, 2022; Zhao et al., 2022). Here, we hypothesize that
API-C8 could show stronger cell-protective activity than API in HUVECs
exposed to glycidol.

In the present study, we investigated the cytotoxic effect of glycidol
on HUVECs and the related mechanism. We also further evaluated the
protective effect and related mechanism of API and API-C8 on glycidol-
induced HUVECs cell damage. Our results could help to develop po-
tential therapeutic strategies to protect Humans from the toxic effect of
glycidol.

2. Materials and methods
2.1. Reagents and antibodies

Glycidol (97%) was purchased from Shanghai Anpel Experimental
Technology Co. LTD (Shanghai, China). Trypsin-ethylene diamine tetra
acetic acid (trypsin-EDTA) was provided by Gibco Life Technologies
(GrandIsland, USA). Primary antibodies against cyclin B1 (12231), p-
cdc2 (4539), cdc2 (28439), p-cdc25C (9528), beclin-1 (3738), seques-
tosome 1 (SQSTM1/p62) (88588), microtubule-associated protein light
chain 3 (LC3) I/1I (4108), cleaved poly(ADP-ribose) polymerase [PARP]
(9541), cleaved caspase-3 (9664), extracellular signal-regulated kinase
(ERK) (4695), p38 (8690), c-Jun N-terminal protein kinase (JNK)
(9252), p-ERK1/2 (4370), p-p38 (4511), p-JNK (4688), B-actin (4967),
and anti-mouse (7076) and anti-rabbit (7074) secondary antibodies
conjugated to horseradish peroxidase (HRP) were obtained from Cell
Signaling Technology (Berkeley, USA). Hoechst 33342, and cell cycle
and apoptosis analysis kit was purchased from Beyotime Corporation
(Shanghai, China). 3-Methyladenine (3-MA) was obtained from Sell-
eckchem Chemicals (Houston, USA). SB203580, SP600125 and U0126
were purchased from MedChem Express (NJ, USA). Mono-
dansylcadaverine (MDC) was obtained from Sigma-Aldrich (St. Louis,
MO, USA).

2.2. Cell culture and cell viability assay

HUVECs obtained from national stem cell resource center (Beijing,
China) were cultured in endothelial cell medium (ECM) (ScienCell, USA)
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containing 5% fetal bovine serum (FBS), 1% endothelial cell growth
supplement (ECGS), and 1% antibiotic solution (penicillin/strepto-
mycin) at 37 °C in an incubator under 5% COs. Cell viability was
determined by cell counting kit-8 (CCK-8) assay following the accom-
panied protocol. In brief, cells (1 x 10* cells/well) were cultured in 96-
well plates overnight, followed by 24 h incubation with different con-
centrations of glycidol. After that, the medium was removed and 100 pL
of fresh culture medium with CCK-8 solution (10%) was added and
followed by incubation at 37 °C for 30 min in the incubator. Absorbance
determined at 450 nm using a microplate reader (Biotek, USA) was used
to calculate the cell viability (Kamiloglu et al., 2020).

2.3. Cell cycle analysis

Cells with a density of 5 x 10° cells per well were cultured in 6-well
plates overnight. After 24 h incubation with various concentration of
glycidol, cells were fixed overnight with ethanol (75%) at -20 °C. Then,
cells were washed with ice-cold phosphate-buffered saline (PBS) buffer
for two times, incubated with 50 pg/mL propidium iodide (PI) con-
taining 100 pg/mL of RNAse-A and 0.1% tritonX-100 for 30 min in the
dark, and immediately analyzed by the flow cytometer (BD FACSVerse)
(Zhao et al., 2017a,b; Zhao et al., 2019).

2.4. Apoptosis assay

Quantitative analysis of apoptosis was carried out using the annexin
V-fluorescein isothiocyanate (FITC) apoptosis detection kit I (BD Phar-
mingen, 556547) according to the manufacturer’s protocol. Briefly, cells
were cultured overnight in 6-well plates prior to the treatment with
glycidol for 24 h. The cells were then collected, washed with PBS and
binding buffer, and suspended in binding buffer to obtain a cell con-
centration of 1 x 10° per tube. After that, cells were incubated with the
annexin V-FITC/PI working solution for 20 min at room temperature in
the dark. The stained cells were then diluted by the binding buffer and
immediately analyzed by the flow cytometer (BD FACSVerse).

2.5. Fluorescent staining

Hoechst 33342 and MDC staining were used for detection of
apoptotic chromatin condensation and autophagic vacuoles, respec-
tively (Zhao et al., 2016, 2017a,b; Zhao et al., 2017a,b). Cells (5 x 10°
cells per well) were seeded in 6-well plates and exposed to 1.4 mM of
glycidol for 24 h. Cells were then stained with 0.5 pg/mL of Hoechst
33342 or 1 pg/mL of MDC in the dark for 30 min at 37 °C, washed with
PBS for three times, and immediately observed by fluorescence micro-
scopy (Yao et al., 2021).

2.6. Western blotting assays

Cells were seeded in 6-well plates. After treatment with different
concentrations of glycidol (0, 0.8, 1.2, and 1.4 mM) for 24 h, cells were
washed with ice-cold PBS buffer and Ilysed in radio-
immunoprecipitation assay (RIPA) buffer (89900, Thermo Scientific)
containing protease inhibitors (Shanghai EpiZyme Biotechnology,
GRF101) and phosphatase inhibitors (Shanghai EpiZyme Biotechnology,
GRF102). Protein quantification was performed using a bicinchoninic
acid (BCA) protein assay kit (Shanghai EpiZyme Biotechnology, ZJ101).
Lysate proteins (10 pg) were resolved by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), transferred onto poly-
vinylidene difluoride (PVDF) membranes, and subsequently blocked
with Tris-buffered saline, 0.1% Tween 20 (TBST) buffer containing 5%
nonfat milk for 1h. The membranes were then incubated with primary
antibodies cyclin B1 (1:1000 dilution), p-cdc2 (1:1000 dilution), cdc2
(1:1000 dilution), p-cdc25 (1:1000 dilution), beclin-1 (1:1000 dilution),
SQSTM1/P62 (1:1000 dilution), LC3-I/II (1:1000 dilution), cleaved
PARP (1:1000 dilution), cleaved caspase-3 (1:1000 dilution), ERK
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(1:2000 dilution), p38 (1:1000 dilution), JNK (1:1000 dilution), p-
ERK1/2 (1:1000 dilution), p-p38 (1:1000 dilution), p-JNK (1:1000
dilution), B-actin (1:1000 dilution) at 4 °C overnight. After that, the
membranes were washed with TBST for three times followed by 1h in-
cubation with HRP-conjugated secondary antibodies (1:2000 dilution)
at room temperature. After being washed with TBST three times, the
target protein bands were visualized using the enhanced chem-
iluminescence reagents (ECL) kit and the images were acquired using
the ChemiDoc MP imaging system (Bio-Rad). Quantification was per-
formed using ImageJ software (National Institute of Health, Bethesda,
MD, United States of America) (Ma et al., 2021).

2.7. Statistical analysis

All data were represented as mean + standard deviation (SD) of
three independent experiments. Differences between experimental
groups were calculated using Student t-test. A P-value less than 0.05 was
considered statistically significant.

3. Results and discussion

3.1. Glycidol inhibits cell proliferation and induces Go/M phase cell cycle
arrest in HUVECs

Endothelial dysfunction has been considered as a major pathogenic
process in atherosclerosis, thrombosis, hypertension, diabetes, and other
cardiovascular diseases (Endemann and Schiffrin, 2004; Little et al.,
2021). HUVECs are among one of the most popular models used for
endothelial cells in vitro (Cao et al., 2017). Here the adverse effect of
glycidol on endothelial cells was examined in HUVECs. The cell prolif-
eration of HUVECs in response to glycidol treatment was measured by
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CCK-8 assay. As shown in Fig. 1A, after the exposure of HUVECs to
different concentrations (0-1.6 mM) of glycidol for 24 h, glycidol
significantly inhibited cell viability in HUVECs dose-dependently with
an ICsg value of about 1.4 mM. This result was comparable to a study in
which glycidol treated for 24 h was found to cause a dose-dependent
inhibition of cell viability in the rat kidney epithelial cell (NRK-52E)
and the ICs( value was about 1.67 mM (Liu et al., 2021; Senyildiz et al.,
2017). We next determined the effect of glycidol on cell cycle progres-
sion. HUVECs were exposed to various concentrations of glycidol for 24
h and analyzed using flow cytometry. As shown in Fig. 1B, glycidol
increased the percentage of cells in the Go/M phase dose-dependently.
Further examination of the protein expressions of cell cycle regulators
associated with G2 phase arrest showed increased levels of p-cdc2 and
p-cdc25C and decreased expression of cyclin Bl and cdc2 (Fig. 1C).
These data indicate that glycidol treatment blocked cell growth of
HUVECs by inducing Go/M phase cell cycle arrest.

3.2. Glycidol induces apoptotic cell death in HUVECs

Hoechst 33342 staining was then performed to examine whether
apoptosis was induced in HUVECs in response to glycidol treatment. As
shown in Fig. 2A, HUVECs exhibited an appreciable apoptotic response
in HUVECs in response to glycidol treatment, as evidenced by the
appearance of chromatin-condensed cells. This observation was further
confirmed by determining the expression of cleaved caspase-3 and
cleaved PARP, two key markers of apoptosis, by Western blotting assay.
As shown in Fig. 2B, glycidol treatment for 24 h increased the expression
of cleavage PARP and cleavage Caspase-3 in HUVECs dose-dependently
indicating apoptosis. A quantitative assessment of apoptosis was then
performed by Annexin V-FITC/PI double staining using flow cytometry.
Fig. 2C shows that the percentage of apoptotic cells was significantly
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Fig. 1. Glycidol inhibits cell proliferation and induces G»/M phase cell cycle arrest in HUVECs. (A) Cytotoxicity of glycidol in HUVECs. Cell viability was measured
using the CCK-8 kit after treatment of HUVECs with different concentrations of glycidol for 24 h. Values are mean + standard deviation, n = 3, *P < 0.05, **P < 0.01
Vs the control. (B) HUVECs were treated with glycidol for 24 h, followed by cell cycle distribution assay by flow cytometry. G1, Gap 1; G2, Gap period 2; S, synthesis;

M, mitosis. Values are mean =+ standard deviation, n = 3, *P < 0.05,

**P < 0.01 Vs the control. (C) After glycidol treatment at indicated concentrations for 24 h, the

effect of glycidol on the indicated protein markers of cell cycle was examined by Western blot. Values are mean + standard deviation, n = 3, *P < 0.05, **P < 0.01 Vs

the control.
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Fig. 2. Glycidol induces apoptosis in
HUVECs. (A) HUVECs were exposed to
1.4 mM of glycidol for 24 h, subse-
quently incubated with Hoechst 33342
for 30 min and visualized by fluores-
cence microscopy. (B) The expression
levels of cleaved caspase-3, cleaved
PARP and f-actin were determined by
Western blot assay after treatment of
HUVECs with different concentrations
of glycidol for 24 h. Values are mean +
standard deviation, n = 3, *P < 0.05,
**P < 0.01 Vs the control. (C) The per-
centages of apoptotic cells determined
by Annexin V-FITC/PI staining on a
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increased in glycidol-treated cells compared to vehicle-treated cells. The
highest apoptotic rate of 38.5% was observed in cells exposed to 1.4 mM
of glycidol for 24 h. Collectively, these data suggested that the reduced
cell viability induced by glycidol was associated with apoptotic cell
death.

3.3. Glycidol-induced apoptosis in HUVECs is autophagy-dependent

Autophagy is likely to be stimulated in response to various endoge-
nous and exogenous stimuli. To determine whether autophagy was
involved in glycidol-induced cytotoxicity, some characteristic features
of autophagy were examined. MDC was a dye that can accumulate in the
mature autophagic vacuoles, such as autophagolysosomes, thus MDC
staining was firstly performed for autophagy analysis (Zhao et al.,
2017a,b). Fluorescent microscopy clearly showed that the level of
MDC-labelled autophagic vacuoles was significantly increased in
glycidol-treated cells compared to control (Fig. 3A). LC3, one of the
mammalian homologues of yeast Atg8, mainly has two forms, LC3-I and
LC3-II. The cytosolic LC3-I is processed into the autophagosome
membrane-bound LC3-II in autophagic cells. The amount of LC3-II is

correlated with the extent of autophagosome formation. The increased
accumulation of LC3-II has been used as an indicator of autophagy in-
duction (Kabeya et al., 2000). Thus, the expression of LC3-II was then
examined by Western blotting assay. Fig. 3B showed that glycidol
treatment significantly increased the level of LC3-II in a dose-dependent
manner in HUVEGCs. Importantly, glycidol treatment significantly
down-regulated the expression level of SQSTM1/p62, a typical auto-
phagy substrate (Fig. 3B). Glycidol treatment also enhanced the
expression beclin-1, a gene that was crucial for the autophagy execution,
in a dose-dependent manner (Lee et al., 2021). These results strongly
support that the effect of glycidol treatment on HUVECs includes in-
duction of autophagy.

After demonstrating that apoptosis and autophagy were induced in
HUVEG: following glycidol treatment, we next studied the relationship
of these two events. 3-Methyladenine (3-MA) has been widely used as
inhibitors of autophagy both in vitro and in vivo (Chicote et al., 2020). To
determine the role of autophagy in glycidol-induced apoptosis, the effect
of 3-MA on glycidol-induced cell death in HUVECs was evaluated. As
expected, 3-MA significantly inhibited autophagy, as evidenced by the
reduced accumulation of LC3-II and increased accumulation of p62 in
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Fig. 3. Glycidol induced autophagy and inhibition of autophagy attenuated glycidol-induced apoptotic cell death. (A) HUVECs were exposed to 1.4 mM of glycidol
for 24 h, stained with MDC for 30 min and visualized by fluorescence microscopy. (B) The expression of beclin-1, p62, LC3-II, and p-actin were determined by
Western blot assay after treatment of HUVECs with different concentrations of glycidol for 24 h. Values are mean =+ standard deviation, n = 3, *P < 0.05, **P < 0.01
Vs the control. (C) The expression of beclin-1, LC3-1II, p62, cleaved caspase-3 and cleaved PARP were determined by Western blot assay after treatment of HUVECs
with 1.4 mM glycidol in the presence or absence of 0.2 mM of 3-MA for 24 h. Values are mean + standard deviation, n = 3, *, ** between samples indicate sta-
tistically significant differences, *P < 0.05, **P < 0.01. (D) Cell viability was measured after treatment of HUVECs with 1.4 mM glycidol in the presence or absence of
0.2 mM of 3-MA for 24 h. Values are mean =+ standard deviation, n = 3, *, ** between samples indicate statistically significant differences, *P < 0.05, **P < 0.01.

HUVECs (Fig. 3C). Importantly, when HUVECs were co-treated with
glycidol and 3-MA, the expression of cleaved caspase-3 and cleaved
PARP were markedly decreased in comparison with cells treated with
glycidol alone (Fig. 3C), and 3-MA and glycidol co-treatment signifi-
cantly improved cell survival compared to glycidol treatment alone
(Fig. 3D). Collectively, these findings suggested that glycidol-induced
apoptotic cell death was, at least in part, dependent on
glycidol-induced autophagy in HUVECs.

3.4. Glycidol induces autophagy and apoptosis through activating the
ERK/JNK/p38 signaling pathways in HUVECs

The mitogen-activated protein kinase (MAPK) cascades are key
intracellular signal transduction pathways that are involved in the
regulation of a large number of fundamental cellular processes including
growth, proliferation, autophagy, and apoptosis. There are three major
groups of mammalian MAPK: the extracellular signal-regulating kinase
(ERK), c-Jun N-terminal protein kinase (JNK), and p38 (Plotnikov et al.,
2011; Sui et al., 2014). We next evaluated whether MAPK activation was
involved in glycidol-induced apoptosis and autophagy. Cell viability of
HUVECs exposed to glycidol for 24 h in the presence or absence of
various MAPK inhibitors including the ERK inhibitor U0126, the JNK
inhibitor SP600125, and the p38 inhibitor SB203580 were measured.
All of the three inhibitors were found to partially alleviate
glycidol-induced reduction in cell viability (Fig. 4A), indicating that
glycidol may inhibit cell proliferation through activating the
ERK/JNK/p38 MAPK signaling pathways. We then determined whether
glycidol treatment indeed induced ERK, JNK and p38 activation in
HUVECs by Western blot assay. As expected, glycidol increased the level
of phosphorylated ERK, phosphorylated JNK, and phosphorylated p38
(Fig. 4B), further demonstrating the involvement of ERK, JNK and
p38-associated signaling pathways in glycidol-induced cell growth in-
hibition of HUVECs. We then assessed whether ERK, JNK and p38
activation are required for glycidol-induced autophagy and apoptosis.
U0126, SP600125, and SB203580 significantly attenuated the expres-
sion levels of beclin-1 and LC3-II, but restored the expression levels of
p62 in glycidol-treated HUVECs (Fig. 4C-4E), indicating the involve-
ment of ERK, JNK and p38 activation in glycidol-induced autophagy.

Moreover, the three inhibitors significantly attenuated the levels of
cleaved caspase-3 and cleaved PARP in glycidol-treated HUVECs
(Fig. 4C-4E), suggesting that the activation of ERK, JNK and p38 were
involved in glycidol-induced apoptosis. Collectively, these findings
suggested that glycidol-induced apoptosis and autophagy were, at least
in part, through activating the ERK/JNK/p38 MAPK signaling pathways.

3.5. API and API-C8 inhibit glycidol-induced autophagy and apoptosis via
inhibiting the ERK/JNK/p38 signaling pathways in HUVECs

To investigate the protective potential of apigenin (API) and its
octoic acid diester apigenin-7, 4'-O-dioctanoate (API-C8) on glycidol
induced cytotoxicity, their cytotoxicity was firstly evaluated by the CCK-
8 assay. As shown in Fig. 5A, 0 to 10 pM of API and O to 50 uM of API-C8
treatment for 24 h did not show any cytotoxicity toward the HUVEC. 0 to
10 uM of API was also found non-toxic to HUVEC in another study (Zhou
et al., 2019). 10 pM of API and API-C8 was chosen for further evalua-
tions as they had no significant toxicity on HUVECs at this concentra-
tion. 10 pM of API improved cell survival by 18.3% and 10 pM of API-C8
improved cell survival by 40.4% in response to glycidol treatment, that
is, API-C8 exhibited stronger cell protective effect than API (Fig. 5B). In
agreement with our findings, API was also found to inhibit high
glucose-increased apoptotic cell death in HUVECs (Qin et al., 2016).
Importantly, co-treatment with glycidol and API or API-C8 significantly
reduced the expression of cleaved caspase-3 and cleaved PARP in
HUVECs compared to cells treated with glycidol alone (Fig. 5C), indi-
cating that API and API-C8 inhibited glycidol-induced apoptosis. API or
API-C8 attenuated the expression levels of beclin-1 and LC3-II but
restored the expression levels of p62 in glycidol-treated HUVECs
(Fig. 5D), suggesting that API and API-C8 inhibited glycidol-induced
autophagy. Moreover, API and API-C8 significantly attenuated
glycidol-induced ERK, JNK and p38 activation as evidenced by the
down-regulated expression of p-ERK, p-JNK and p-p38 (Fig. 5E).
Collectively, our data indicated that API and API-C8 inhibited
glycidol-induced autophagy and apoptotic cell death via inhibiting the
ERK/JNK/p38 MAPK signaling pathways in HUVECs. Apigenin was also
found to inhibit inflammatory responses in NIH-3T3 cells and HUVECs
by inhibiting JNK activation (Funakoshi-Tago et al., 2011; Wang et al.,
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Fig. 4. Glycidol induces autophagy and apoptosis through activating the ERK/JNK/p38 signaling pathways in HUVECs. (A) Cell viability of HUVECs treated with
1.4 mM of glycidol in the presence or absence of 2 pM of U0126, SP600125 or SB203580 for 24 h. Values are mean + standard deviation, n = 3, *, ** between
samples indicate statistically significant differences, *P < 0.05, **P < 0.01. (B) The expression levels of p-ERK, ERK, p-JNK, JNK, p-p38, p38, and p-actin were
determined by Western blot assay after treatment of HUVECs with different concentrations of glycidol for 24 h. The expression levels of p-ERK, ERK, p-JNK, JNK, p-
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Fig. 5. API and API-C8 inhibit glycidol-induced autophagy and apoptosis via inhibiting the ERK/JNK/p38 signaling pathways in HUVECs. (A) HUVECs were
incubated with different concentrations of API or API-C8 for 24 h, followed by cell viability assay using a CCK-8 kit. Values are mean + standard deviation, n = 3, *P
< 0.05, **P < 0.01 Vs the control. (B) HUVECs were incubated with 1.4 mM glycidol in the presence or absence of 10 pM of API or API-C8 for 24 h, followed by cell
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2012).
4. Conclusions

In summary, glycidol exhibited HUVECs cytotoxicity by inducing
Go/M phase cell cycle arrest and autophagy-dependent apoptosis.
Activation of the ERK/JNK/p38 signaling pathways may account for the
adverse effects of glycidol on HUVECs. Moreover, API and API-C8
strongly relieved the cytotoxic effect of glycidol through inhibiting the
ERK/JNK/p38 signaling pathways. Our results could help to develop

potential therapeutic strategies to protect Humans from the toxic effect
of glycidol.
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