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ABSTRACT Objective: To investigate the effects of Ursolic acid on NQO1 (Quinone Oxidoreductasel, NQO1)incultured umbilical
vein endothelial cells (HUVECs) stimulated by ox-LDL, so as to approach the mechanism of UA in atherosclerosis. Methods: HUVECs
were cultured in different concentration and divided into four groups (n=5,each): Group I , control group without; Group Il , HUVECs
stimulated with ox-LDL (20 mg/L) in endothelial basal medium for 24 hours; Grouplll, HUVECs treated with ox- LDL(20m g/L) for an
half hours, and treated with ox- LDL (20 mg/L) and UA (1.5 pmol/L) in endothelial basal medium for 24 hours; GrouplV , HUVECs
treated with ox- LDL(20 mg/L) for an half hours, and treated with ox- LDL (20 mg/L) and UA (4.5umol/L) in endothelial basal medium
for 24 hours. MTT assay was used to determine against HUVECs injury. Expression of NQOImRNA was determined by RT-PCR.
Expression of NQO1 protein was determined by Western blot. Results: Ursolic acid decreased the effect on reducing the cytotoxicity of
ox- LDL. Expression of NQOImRNA was significantly highter in group Il (0.624% 0.009 )than that in group I (0.521+ 0.007), P<0.01.
Ursolic acid dose-dependenly increased expression of NQO1 mRNA (Grouplll vs Group Il : 0.722+ 0.058 vs 0.624+ 0.009, P<0.01;
Group IV vs Group II : 0.826% 0.059 vs 0.624+ 0.009, P<0.01). Expression of NQOI Protein was significantly highter in group Il
(0.574% 0.024 )than that in group [ (0.438% 0.039), P<0.01. Ursolic acid dose-dependenly increased expression of NQO1 Protein(Group
I vs Group Il : 0.710% 0.058 vs 0.574% 0.024, P<0.01; GroupIV vs Group Il : 0.831% 0.034 vs 0.574% 0.024, P<0.01). Conclusion:
NQOI expression in ox-LDL- treated HUVECs could be increased by UA which suggests that UA may attenuate atherosclerosis by re-
ducing ox-LDL-induced oxidative stress responses.
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. lipid deposition has become a recognized atherosclerosis dynamic
Introduction
factors ™. Today, there are numerous of drugs treatment of

Atherosclerosis is one of the most common and important of  atherosclerosis, such as lipidemicmodulating, antiplatelet drugs ,

atherosclerotic Vascular disease. It is characterized by thickening  thrombolytic and anticoagulants etc. These drugs brought a lot of

of the arterial wall harden, loss of elasticity and lumen narrowing.  benefits to many patients in a large number of clinical applications.

There is appearance on the accumulation of lipid in the arterial in-  Along with the application of these drugs, however, its disadvan-

tima yellow atherosclerosis, so called atherosclerosis. It mainly in-  tages are gradually revealed: first of all, patients need long-term

volves large and medium-sized artery and its clinical manifesta-  yse of these drugs,then social and family to bring huge economic

tions are mainly thesymptoms of the affected organs . With the  pressure. Secondly, more or less doses of he drug atherosclerosis

development of social economy and people life style changing, ip patients will cause side effect. In recent years, China has accel-

heart cerebrovascular accident™lcaused by atherosclerosis has be-  ¢rated the pace of research for the treatment of atherosclerosis with

come a major killer of human health. The incidence of the disease
and mortality in the western developed countries are various dis-
eases, and there is an upward trend in the developing countries in-
cluding China. Atherosclerosis has already caused the attention of

the countries of the world. Vascular endothelial cell injury and

*Foundation item : Natural Science Foundation of China (81173593)

Chinese herbs. Ursolic acid is a kind of triterpene compounds pre-
sent in the plant, is one of the main effective ingredients of Chi-
nese herbs P9, and has the pharmacological effects of resistance to
atherosclerosis ™. It has a wide range of sources, and less adverse

reaction, and that conducive to the popularization and application>?,
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In the past, there are many researchs on Ursolic acid treatment of
tumor 13 However, there is less research for ursolic acid resis-
tance atherosclerosis, plays an important role in protecting cells a-
gainst oxidative stress injury 7. This study was to investigate the
effect of ursolic acid on NQOI stimulated by ox-LDL, so as to ap-

proach the mechanism of UA in atherosclerosis.

1 MATERIALS AND METHODS

1.1 Materials and reagents

HUVECs were provided by the Department of ATCC.
DMEM medium was purchased from Gibco Company (USA). Fe-
tal calf serum was purchased from Hyclone Company(USA)). Ur-
solic acid was obtained from Sigma-Aldrich Company(USA). Hu-
man High Ox-LDL was purchased from Yiyuan biotechnology
Company (China). Primer was obtained from Sangon Biotech
Company (China). PrimeScript RT-PCR Kit was purchased from-
TaKaRa Bio Group. Goat Anti-Mouse IgG,HRR conjugated and
Anti B-actin Mouse Monoclonal Antibody was purchased from
Cowin Bioscience (China). Anti-NQO1lantibody was purchased
from Abacam.
1.2 Cells culture

HUVECSs were maintained at 37°C in a 5% CO, humid incu-
bator and cultured in DMEM medium (Gibco,USA) and supple-
mented with 10% of fetal bovine serum. HUVECs were cultured
in different concentration and divided into four groups(n=5,each):
Group | ,control group without ; Group Il , HUVECs stimulated
with ox-LDL (20 mg/L)in endothelial basal medium for 24 hours;
Grouplll , HUVECsS treated with ox- LDL (20 mg/L) for an half
hours, then treated with ox- LDL (20 mg/L) and UA (1.5 pmlo/L)
in endothelial basal medium for 24 hours ; Group [V , HUVECs
treated with ox- LDL(20 mg/L) for an half hours, then treated with
ox- LDL (20 mg/L) and UA (4.5 pmlo/L) in endothelial basal
medium for 24 hours.
1.3 MTT assay

The assay was performed by seeding HUVECs at a density of
5% 103 cells/well in 96-well plates. After attaching to plates, cells
were treated with various concentrations for 24 h. In order to ex-
amine the effect of Ursolic acid on ox-LDL-induced cell damage,
cells were treated with Ursolic acid for an half hour before the ad-
dition of ox-LDL. MTT solution (5 mg/ml, 20 pL)was added to
each well at 37 C for 4 h, then the supernatant was removed and
discarded. The formazan crystals were dissolved in 150 wL of
DMSO followed by measurement of absorbance at 490 nm using
an enzyme- linked immunosorbent reader. The experiment was re-
peated five times.
1.4 Reverse transcriptase polymerase chain reaction (RT-—
PCR)

Total RNA was isolated from cells using Trizol-reagent and

quantified by UV absorption at 260 and 280 nm. RT-PCR was per-
formed according to the manufacturer,s instructions. The primer
pairs of NQO1 were forward 5-CTGATCGTACTGGCT-
CACTC-3' and reverse 5'-GAACAGACTCG-GCAGGATAC -3,;
GADPH, 5-GGATTTGGTCGTATTGGG3' and reverse5'-GGAA-
GATGGTGATGGGATTT-3". PCR conditions were as follows: 32
cycles of 95 'C for 30 s;52 'C for 30 s; and 72 C for Imin. Am-
plified products were visualized on 1.5 % agarose gel elec-
trophoresis, stained with ethidium bromide,and photographeunder
ultraviolet light. Densitometric analysis of five different observa-
tions was performed Quantity One Software. The quantity of each
transcript was normalized to that of GAPDH.
1.5 Western blot analysis

After treatment,total proteins were isolated by RIPA buffer,
which consisted of 50 mM Tris-Cl (pH 7.6), 150 mM NacCl, 0.2
mM PMSF, 1 % (m/v) NP-40, 0.1 mM NaF, 1.0 mM EDTA and
1.0 mM DTT. The lysates were centrifuged at 12,000 rpm for 10
min at 4 C, the supernatant was collected. Polyacrylamide gel was
made up. Each experiment hole was full of 10 pLsample. NQO1
was separated on SDS-polyacrylamide gels and transferred into
polyvinylidene difluoride (PVDF) membranes. The blotswere in-
cubated with a blocking buffer (1x PBS and 5 % nonfat dry milk)
for 1 h at room temperature and detected with primary antibodies
at 4 C overnight, followed by the second antibody for 1 h at room
temperature. To control equal loading of total protein in all lanes,
blots were stained with Anti-actin Mouse Monoclonal Antibody
for equal loading of proteins. Protein bands were visualized using
an enhanced chemiluminescence system.
1.6 Statistical analysis

All experiment were performed five times. All data were pre-
sented as meant standard deviation (SD) unless otherwise de-
scribed. Statistical analyses were performed with SPSS statistical
software (version 17.0).The statistical differences were determined
by analysis of variance.Values of P<0.05 were considered to be

statistically significant.

2 RESULTS

2.1 Ursolic acid attenuates the MTT reduction of HUVECs
induced by ox—LDL

Ox - LDL group cell absorbance value (0.445% 0.051)was
lower than that in the control group (1.000% 0.000),P<0.01; Ox -
LDL + UA group cell absorbance value was higher than the ox -
LDL group;P<0.01; ox - LDL + High concentration UA group
(0.760% 0.060 )cell absorbance value was higher than that in the
ox - LDL + Low concentration UA group (0.616+ 0.048); Be-
tween the four groups were considered to be statistically signifi-
cant. F=130.727,P<0.01.Fig 1, table 1.
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Effect of UA on the absorbance value
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Fig. 1 Effect of UA on the absorbance value of HUVECs] .control group; 2.0x-LDL(20 mg/L)group ;
3.0x-LDL(20 mg/L)+ Low concentration UA(1.5 wmlo/L) group; 4.0x-LDL(20 mg/L)+High concentration
UA(4.5 pmlo/L) group.Compared with control group, P<0.01;Compared with

<2021 -

ox-LDL group, P<0.01(n=5)

Table 1 Effect of UA on the absorbance value of HUVECs( x+ s,n=5)

cell absorbance value

group
1 1.000+ 0.003
2 0.445+ 0.051
3 0.616% 0.048
4 0.760% 0.060

1.control group; 2.0x-LDL(20 mg/L)group; 3.0x-LDL(20 mg/L)+ Low
concentration UA(1.5 pmlo/L) group; 4.0x-LDL(20 mg/L)+ High
concentration UA(4.5 pmlo/L) group.Compared with control group, P<0.
01; Compared with ox-LDL group, P<0.01(n=5)
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Fig. 2 Effect of Ursolic acid on

Table 2 Effect of UA on Expression of NQOImRNA(x+ s,n=5)

cell absorbance value

group
1 0.521% 0.007
2 0.624+ 0.009
3 0.722+ 0.058
4 0.826% 0.059

1.control group; 2.0x-LDL(20 mg/L)group; 3.0x-LDL(20 mg/L)+ Low
concentration UA(1.5 pmlo/L) group; 4.0x-LDL(20 mg/L)+ High
concentration UA(4.5 wmlo/L) group.Compared with control group,
P<0.01;Compared with ox-LDL group, P<0.01(n=5)

%]
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2.2 Effect of Ursolic acid on Expression of NQO1mRNA
The expression of NQOImRNA in Ox - LDL group(0.624+

0.009 ) was higher than that in the control group (0.521+ 0.007),
P<0.01; The expression of NQO1l mRNA in the Ox - LDL + UA
group was higher than that in the ox - LDL group, P<0.01;The
expression of NQOImRNA in ox - LDL + High concentration UA
group (0.826+ 0.059 )was higher than that in ox - LDL + Low
concentration UA group (0.722+ 0.058); There was statistically sig-
nificant btween the four groups . F=49.190,P<0.01. Fig 2, table 2.
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Expression of NQOImRNA

2.3 Effect of Ursolic acid on Expression of NQO1 protein

The expression of NQO1 protein in Ox - LDL group(0.574+
0.024 )was higher than that in the control group (0.438+ 0.039),
P<0.01; The expression of NQOI1 protein in Ox - LDL + UA
group was higher than that in the ox - LDL group, P<0.01;The
expression of NQOI1 protein in ox - LDL + High concentration UA
group (0.831% 0.034)was higher than that in ox - LDL + Low
concentration UA group (0.710% 0.584); There was statistically
significant between the four groups. F=86.814,P<0.01. Fig 3,
Table 3.

B -Action
(43kDa)

Fig. 3 Effect of Ursolic acid on Expression of NQO1 protein
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Table 3 Effect of UA on Expression of NQO1 protein(x+ s,n=5)

group cell absorbance value
1 0.438+ 0.039
2 0.574% 0.024
3 0.710%+ 0.058
4 0.831% 0.034

1.control group; 2.0x-LDL(20 mg/L)group; 3.0x-LDL(20 mg/L)+ Low
concentration UA(1.5 pmlo/L) group; 4.0x-LDL(20 mg/L)+ High
concentration UA(4.5 umlo/L) group.Compared with control group,
P<0.01; Compared with ox-LDL group, P<0.01(n=5)

3 DISCUSSION

NQO1(Quinone Oxidoreductasel ,NQO1) is a flavin protease
widespread in most eukaryotic cells. It belongs to phase Il detoxi-
fying enzymes,and eases many toxicities of natural and synthetic
U8, Tt is a kind of inducible reductase. The expression of NQO1
protein can be induced by many of the external environment fac-
tors,such as Oxidative stress , Polycyclic aromatic hydrocarbons
and Azo fuel etc ™. NQOI enzyme molecules that exists in the
form of dimers in the human body. It is widely distributed in the
cell cytoplasm, microsome, mitochondria, golgi apparatus !
There are two kinds of way reduction of quinones substances in
the body. One way is that it is changed into the active half quinine
by phase | enzyme reduction, further damages cells through pro-
ducing large amounts of reactive oxygen species and free radicals.
Another way is that It is changed into stable hydroquinone by
phase Il detoxifying enzyme, and the majority of hydroquinone can
be excreted in a cell. It plays a role through the second way. MTT
texts show that ox-LDL group cells was lower than the control
group, P<0.01; Ursolic acid dose-dependenly increased cells,
P<0.01. It can be confirmed that Ursolic acid inhibits human um-
bilical vein endothelial cells oxidative damage induced by ox
-LDL.RT-PCR results show that ox-LDL group (0.624% 0.009)
raised the expression of of NQOImRNA than control group
(0.521% 0.007). In the intervention of ox-LDL, human umbilical
vein endothelial cells can against oxidative stress damage by im-
proving the NQOImRNA expression. But this itself regulation
mechanism still cannot completely against oxidation caused by the
ox-LDL. Ursolic acid dose-dependenly increased expression of
NQO1 mRNA (Grouplll vs Group Il : 0.722+ 0.058 vs 0.624+
0.009, P<0.01; GroupIV vs Group I : 0.826+ 0.059 vs 0.624 +
0.009, P<0.01). Western blot results also show that ox-LDL group
(0.574 + 0.024 )raised the expression of of NQOI protein than
control group (0.438+ 0.039). Ursolic acid dose-dependenly in-
creased expression of NQOI1 Protein (Group III vs Group Il :
0.710% 0.584 vs 0.574% 0.024, P<0.01; Group [V vs Group I :
0.831% 0.034 vs 0.574+ 0.024, P<0.01). In conclusion, expression
of the NQOI in ox-LDL- treated HUVECs could be further in-

creased by UA. It suggests UA may attenuate atherosclerosis by

reducing ox-LDL-induced oxidative stress responses. This experi-

ment provides a certain theoretical basis that Ursolic acid inhibits

atherosclerosis.
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