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Abstract: Atherosclerosis is the pathological basis of cardiovascular diseases (CVDs) which are the leading cause of death worldwide. The pathogenesis of athe-

rosclerosis itself is complex. Low-density lipoprotein (LDL) oxidation has been shown to increase lipid peroxide levels in arterial wall of atherosclerosis lesion site.
Decursin is a coumarin with a range of pharmacological effects. The present study investigated the inhibitory effect of decursin on LDL oxidation, and its protective
effect against oxidative damage in human aortic endothelial cells (HAECs). Two models of oxidative damage were used in this study: Cu**-induced LDL oxidative
damage and 2,2’-azobis-2-methyl-propanimidyl, dihydrochloride (AAPH)-induced oxidative damage of HAECs. The inhibitory effect of decursin on LDL oxida-
tion, and its protective effect on oxidative damage of HAECs were determined. The results showed that the level of thiobarbituric acid reactive substances (TBARS)
was significantly increased by Cu*', but was significantly and concentration-dependently reduced after treatment with decursin (p < 0.05). There were only a few
viable cells in AAPH-treated group, but treatment with decursin led to significant, time- and concentration-dependent increases in their viability (p < 0.05). The
AAPH-induced oxidative damage significantly increased the activity of lactate dehydrogenase (LDH) and level of reactive oxygen species (ROS), but significantly
reduced the activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx) (p < 0.05). However, treatment of HAECs with decursin significantly and
concentration-dependently reduced the LDH activity and level of ROS, but significantly increased the activities of SOD and GPx, concentration-dependently (p
< 0.05). It also significantly and concentration-dependently reduced apoptosis induced by AAPH (p < 0.05). These results show that decursin effectively inhibits
LDL oxidation induced by Cu*', and protects HAECs from oxidative damage caused by AAPH in vitro via a mechanism involving activation of SOD and GPx.
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Introduction It has been shown to be effective against leukemia, dia-
betes mellitus, hypertension, nephrotoxicity and some
Cardiovascular diseases (CVDs) are characterized tumors (6-8). It also possesses antioxidant effect. Supe-
by high incidence of mortality, when compared with roxide anion and hydroxyl radical have strong oxida-
tumors (1). They affect the quality of life of sufferers. tive abilities, and readily oxidize biological macromo-
Atherosclerosis is the pathological basis of cardiovascu- lecules such as carbohydrates, amino acids, proteins,
lar and cerebrovascular diseases (2). The pathogenesis nucleic acids and lipids, resulting in cell apoptosis (9,
and treatment of these diseases have been exhaustively 10). Reports on the inhibitory effect of decursin on LDL
worked on. Injury to vascular endothelial cells is res- oxidation and atherosclerosis formation are scanty. The
ponsible for the initiation and progression of atheroscle- present study investigated the inhibitory effect of decur-
rosis (3). Oxidized low density lipoprotein (ox-LDL) has sin on LDL oxidation, and its protective effect against
been implicated in the pathogenesis of atherosclerosis, oxidative damage in HAECs.
and it links atherosclerosis with endothelial cell injury
(4). On formation, ox-LDL directly damages vascular Materials and Methods
endothelial cells and promotes monocytes infiltration;
it increases the migration and adhesion of monocytes, Cell lines, drugs and reagents
and promotes the synthesis of sticky cell surface glyco- Human aortic endothelial cells (HAECs) were obtai-
protein. These lead to increases in lipid peroxide levels ned from Shanghai Cell Library of Chinese Academy of
in the arterial wall of the atherosclerosis lesion site. A Sciences; LDL was purchased from Shanghai JingKe-
large number of mononuclear macrophages accumulate HuaXue Science and Technology Co., Ltd., while
lipids and convert them to foam cells which promote the dimethyl sulfoxide (DMSO) and propidium iodide
formation of atherosclerosis. (PI) were products of Sigma-Aldrich, USA). Dulbec-
Decursin, a coumarin isolated from Angelica sinen- co’s modified Eagle’s medium (DMEM) was obtained
sis possesses a range of pharmacological properities (5). from Gibco BRL Co. (USA). 3-(4,5-Dimethylthiazol-
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Figure 1. Chemical structure of decursin.

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
kit, and trypsin were purchased from Amresco (USA).
Annexin V-fluorescein isothiocyanate (FITC)/PI kit
was a product of Blender Medsystems Co. (Australia).
Bicinchoninic acid (BCA) protein kit was purchased
from Pierce (USA). Lactate dehydrogenase (LDH),
SOD, and GPx kits were products of Nanjing Jiancheng
Bioengineering Institute. All the reagents used were of
analytical grade.

Copper II ion (Cu?')- induced LDL oxidation

The LDL oxidation reaction system consisted of
100 ug/mL LDL and 10 uM, CuSO,. The mixture was
reacted at 37°C in the dark. The oxidation reaction was
terminated on addition of mixed solutions of 1 mmol/L
EDTA and 1 mmol/L BHT in equal volumes (11). Then,
graded concentrations of decursin (10 - 100 pmol/L)
were added to the reaction mixture to assess its inhibito-
ry effect on LDL oxidation. A reaction mixture without
CuSO, and decursin served as control. In the model
group, only CuSO, was used. The level of LDL oxide
was determined using TBARS method.

Determination of level of TBARS

The levels of LDL oxide were determined using
TBARS method (12). A 1-mL solution of LDL (100
mg/mL) was thoroughly mixed with 10 uM CuSO,,
and oxidized at 37°C for 4 h in the dark with or wit-
hout the addition of 20 pL of graded concentration of
decursin (10 - 100 pmol/L). The reaction was termina-
ted through sequential addition of 1 mmol/L EDTA, 1
mL 20 % acetic acid and 1 mL 0.67 % TBA, followed
by heating at 95°C for 30 min. The reaction mixture was
thereafter cooled to room temperature and centrifuged
at 1,500 rpm for 10 min to obtain the supernatant. The
absorbance of the supernatant was read at 532 nm. The
standard used was 10 pmol/L 1,1,3,3-tetracthoxysilane
(TEP) which was treated following the same procedure.
The level of TBARS was then calculated.

Cell culture

The HAECs were cultured in DMEM medium sup-
plemented with 15 % fetal bovine serum (FBS), 20 U/
mL fibroblast growth factor (FGF) and 1 % penicillin/
streptomycin solution at 37°C for 24 h in a humidified
atmosphere of 5 % CO, and 95 % air. After attaining 60-
70 % confluency, the cells were treated with serum-free
medium and graded concentrations of decursin (10-100
umol/L) for 24 h. Normal cell culture without decur-
sin served as control group. Cells in logarithmic growth
phase were used in this study.

MTT assay

The viability of HAEC:s in the presence of decursin was
assessed using MTT assay. The cells were seeded at a
density of 1 x 10° cells/well in 96-well plates and cultu-

red in DMEM for 24 h. Then, decursin (10-100 pmol/L)
was added to the cells and incubated for 72 h. At the end
of the third day, 20 pL of MTT solution (5 mg/mL) was
added to the wells, followed by incubation at 37°C for 2
h. The medium was finally replaced with 150 pL of 0.1
% DMSO to completely dissolve the formazan crystals
formed. The model stimulation group was treated with
AAPH (2 mmol/L) only. The cells were then cultured at
different time points (24, 36 and 48 h). The absorbance
of the samples was read in a microplate reader at 570
nm. The assay was performed in triplicate. Cell viability
was calculated as shown in Equation 1:

_ Abszorbance of the sxperimental group X 100

Cell viability (%) =

Abzorbance of the control group (1)
Determination of ROS level

The levels of ROS in HAECs were determined using
DCFH-DA assay. The cells at a density of 2 x 10° cells/
mL were treated with decursin at doses of 2 and 10
umol/L, and were then washed with phosphate-buffered
saline (PBS) after an initial incubation for 72 h. Then,
10 uM solution of DCFH-DA was added to the plates
and incubated for another 30 min at 37°C. Thereafter,
the cells were washed with PBS and injected into the
flow cytometer for analysis.

Determination of LDH activity

The cells were trypsinized with 0.25 % trypsin and
the resultant cell suspension was centrifuged at 3000
rpm for 10 min to obtain a supernatant. The activity of
LDH in supernatant was determined using LDH assay
kit.

Determination of activities of SOD and GPx

The cells were seeded in 6-well culture plates at a
density of 2 x 10° cells/mL and lysed with ultrasonic
wave in an ice bath and the protein concentration was
determined using BCA method. The activities of SOD
and GPx in the lysate were determined using their res-
pective assay Kkits.

Apoptosis assay

The cells were seeded at a density of 1 x 10° cells/L
into 6-well plates and cultured for 24 h. Then, decursin
at doses of 2 and 10 pmol/L, was added to the medium
and incubated for another 72 h, and thereafter washed
with PBS, and thoroughly mixed with 300 pL binding
buffer. The cells were then stained with 5 pL each of
annexin V-fluorescein isothiocyanate and propidium
iodide within 25 min at room temperature in the dark.
Cell apoptosis was assessed using a flow cytometer
fitted with argon laser operated at 485 nm.

Statistical analysis

Data are expressed as mean = SEM. Statistical analy-
sis was performed using Graphpad Prism (7.0). Groups
were compared using Student #-test. Values of p < 0.05
were considered statistically significant.

Results

Effect of decursin on Cu**-induced LDL oxidation
As shown in Figure 2, the level of TBARS was si-
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Figure 2. Inhibitory effect of decursin on Cu**- induced LDL oxi-
dation in vitro. "p < 0.05; **p < 0.01; ***p < 0.001, when compa-
red with Cu?* control group.

gnificantly increased by Cu?*, but was significantly and
concentration-dependently reduced after treatment with
decursin (p < 0.05).

Effect of decursin on AAPH-induced oxidative da-
mage in HAECs

There were only a few viable cells in AAPH-treated
group, but treatment with decursin led to significant ,
and time- and concentration-dependent increases in
their viability (Figure 3).

Effects of decursin on ROS level, and activities of
LDH, SOD and GPx in AAPH oxidized cells

The oxidative damage induced by AAPH significant-
ly increased LDH activity ROS level, but significantly
reduced the activities of SOD and GPx (p <0.05). Howe-
ver, treatment of HAECs with decursin significantly and
concentration-dependently reduced LDH activity and
ROS level, but increased the activities of SOD and GPx,
significantly and concentration-dependently (p < 0.05).
These results are shown in Figure 4.

Effect of decursin on HAEC apoptosis

Treatment of HAECs with decursin significantly and
concentration-dependently reduced apoptosis induced
by AAPH (p < 0.05; Figure 5).

Discussion

Atherosclerosis is characterized by the deposition of
lipid and other blood components in the endarterium,
proliferation of smooth muscle cells and increased
synthesis of collagen fibers, as well as formation of
porridge-like, fat-bearing necrotic lesions and vascu-
lar wall sclerosis. It is the pathological basis of CVDs,
which has become the leading cause of death globally
(13). The oxidation of LDL is the most important factor
in arteriosclerosis (14, 15). Therefore, the prevention
and control of arteriosclerosis can effectively reduce the
incidence and mortality associated with CVDs. At pre-
sent, the strategies employed in the treatment of CVDs
only serve as mere palliatives. The cellular damage
induced by LDL oxidation is due to the generation of

Concentraions of DEC (uM)

Figure 3. Effect of decursin on the viability of HAECs in the pre-
sence of AAPH. *p < 0.05, **p < 0.01, ***p < 0.001 vs HAECs
with out decursin.
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Figure 4. Effects of decursin on activities of LDH, SOD and GPx,
and ROS level in HAECs "p < 0.05; "p < 0.01; *"p < 0.001, when
compared with AAPH control group.
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Figure 5. Effect of decursin on apoptosis induced by AAPH. *p <
0.05, "p < 0.01; **p < 0.001, when compared with AAPH control

group.

ROS, and is one of the key factors leading to vascular
endothelial cell injury (16). The product of LDL oxida-
tion (ox-LDL) promotes the secretion of adhesion mole-
cules by endothelial cells and monocytes, and readily
forms foam cells (17). Low-density lipoprotein (LDL)
is readily oxidized by transition metal ions in vitro. In
this study, Cu*" was used to induce LDL oxidation in
vitro to simulate the oxidative process. Being a water-
soluble free radical initiator, AAPH decomposes under
physiological conditions releasing free radicals, thereby
inducing oxidative damage in cells. However, the rate
at which free radicals are produced is regulated. There-
fore, AAPH is considered an ideal model for inducing
oxidative stress in vitro. In this study, Cu**-induced
LDL oxidation and AAPH-induced free radical genera-
tion were used as models of oxidative damage.
Decursin is a coumarin isolated from Chinese Ange-
lica, and possesses a range of physiological and phar-
macological properties (18). The results of this study
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suggest that decursin may effectively reduce the level of
lipid peroxidation caused by Cu?*. It is likely that decur-
sin effectively inhibits LDL oxidation induced by Cu**
in vitro.

Under normal physiological conditions, cells are in a
state of oxidation-antioxidation equilibrium. When ex-
cessively stimulated by external oxidation factors, this
equilibrium is distorted, thereby promoting oxidative
stress and serious damage to the antioxidant system.
The level of cellular ROS reflects the degree of oxida-
tive stress. Superoxide dismutase (SOD) and GPx are
important antioxidant enzymes, which play key roles
in the maintenance of redox balance in cells (19). Lac-
tate dehydrogenase (LDH) is a relatively stable protein
which exists in the cytosol of most cells and cannot be
secreted out of the cell. However, once the cell mem-
brane is damaged, LDH is released to the outside of the
cell. By determining the activity of LDH in cell culture,
it is possible to determine the degree of cell damage
(20). The results of this study suggest that decursin may
effectively repair cell damage induced by AAPH by
reducing LDH leakage in HAEC:s. It is possible that de-
cursin maintains cell membrane integrity within a cer-
tain dose range. The results also suggest that decursin
may enhance the activities of SOD and GPx in damaged
cells, thereby increasing the ability of endothelial cells
to resist oxidative damage and apoptosis induced by
AAPH.

The results of this study show that decursin effecti-
vely inhibits LDL oxidation induced by Cu?', and pro-
tects HAECs from oxidative damage caused by AAPH
in vitro via a mechanism involving activation of SOD
and GPx.
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