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Abstract

Background

Endothelial injury is regarded as a key early event in the development of atherosclerosis. High level of glycemic excursion has been reported to play an 
important role in the pathogenesis of atherosclerosis. Recently, proteinase-activated receptor-2 (PAR2), activated by factor (F) Xa, has been shown to play 
a pivotal part in diabetes-induced endothelial dysfunction. In the present study, we have investigated the effect of rivaroxaban, a direct FXa-inhibitor by 
analyzing cellular biological function of human umbilical vein endothelial cells (HUVECs) in a glycemic excursion-model.

Methods

HUVECs were starved in 1% fetal calf serum media with 0.5% glucose for 4 hours and treated with or without rivaroxaban 0.1μg/mL, followed by 
stimulation of glucose in concentration of 0.5 mM, 5mM, 15mM and 30 mM. Cell viability was measured after 3 hours of stimulation by glucose using 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. Cell without rivaroxaban treatment and then stimulated with 0.5mM glucose 
was used as control. The high glucose-induced cell apoptosis was also evaluated with or without pre-treatment of rivaroxaban based on TUNEL method, 
using fluorescein-dUTP to label DNA strand breaks. All TUNEL-positive HUVECs in whole mount slide were counted. The derivatives of reactive 
oxygen metabolites (dROMs) were measured 45 minutes after the glucose stimulation to evaluate the production of reactive oxygen species (ROS).

Results

In rivaroxaban treated group, there was a significant increase in cell viability in high-glucose condition (113% in 0.5mM, 103% in 5 mM, 125% in 
15 mM compared with cells without rivaroxaban pre-treatment, respectively). There was a significant increase in TUNEL positive cells in a glucose 
concentration dependent manner without rivaroxaban treatment; however, rivaroxaban pre-treatment significantly inhibited cell apoptosis (75% 
decrease in 15 mM glucose-stimulated-cells). There was a significant increase in ROS production in glucose-stimulated HUVECs without rivaroxaban-
treatment, which was also inhibited when pre-treated with rivaroxaban (30% decrease compared without rivaroxaban-pretreatment) (p< 0.05). 

Conclusions

Rivaroxaban increases endothelial cell viability and inhibits apoptosis induced by high level of glycemic excursion, possibility through ROS signaling. 
These results suggest that rivaroxaban may be effective in the prevention of atherosclerosis.
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Introduction

Endothelial injury or the loss of proper endothelial function is often regarded 
as a key early event in the development of atherosclerosis [1]. Diabetes 
represents an example of endothelial dysfunction coupled to cardiovascular 
inflammation. Several studies reported that duration of diabetes and glucose 
fluctuations exhibited a specific triggering effect on oxidative stress, indicating 
a close link between metabolic impairment and endothelial injury [2-6]. 
Although peripheral arterial disease results from atherosclerotic narrowing of 
the blood vessel lumen, endothelial dysfunction has been shown to play a role 
in the progression of this disease. Further, these processes are enhanced by the 
metabolic disturbances associated with diabetes and denervation of the smooth 
muscle of the tunica media of arteries caused by the diabetic neuropathy.

Proteinase-activated receptor-2 (PAR2), a seven transmembrane domain 
G-protein coupled receptor profoundly localized in the vasculature, 
especially in endothelial cells [6-10] are activated by factor (F) Xa. PAR2 
has been shown to be involved in cardiovascular function [11,12]. We also 
have previously demonstrated that FXa was associated with cardiac fibrosis 
[13]. Furthermore, it has been recently reported that PAR2 play a pivotal 
role in diabetes-induced endothelial dysfunction by up-regulating the 
expression or production of TNF-α and activating NAD(P)H oxidase [14]. 

Rivaroxaban is a direct FXa inhibitor which binds directly to the Xa active 
site, blocking its activity [15]. Rivaroxaban is 100,000-fold more selective 
for FXa than for other biological proteases such as thrombin, plasmin, 
factor VIIa or factor IXa, and is widely used as treatment of venous 
thromboembolism and stroke prophylaxis in atrial fibrillation [16-18]. 
We also have reported that rivaroxaban did not only effect to interrupt the 
blood coagulation cascade but was effective to inhibit activation of cardiac 
fibroblast via reductions of major inflammatory signal cascades involved in 
cardiovascular disease [19]. In the present study, we have investigated the 
effect of rivaroxaban, by analyzing cellular biological function of human 
umbilical vein endothelial cells (HUVECs) in a glycemic excursion-model.

Methods

Reagents

Rivaroxaban was obtained from Toronto Research Chemicals (Ontario, 
Canada).  MTT assay kits were purchased from Roche (Basel, Switzerland), 
MEBSTAIN apoptosis TUNEL Kit Direct from MBL (Nagoya, Japan). All 
other reagents used were of analytical grade.

Cell Culture

HUVECs obtained from Lonza Group Ltd. (Basel, Switzerland) were cultured 
in endothelial basal medium supplemented with 2% fetal bovine serum, 0.4% 
bovine brain extracts, 10 ng/ml human epidermal growth factor and 1 μg/ml 
hydrocortisone according to the supplier’s instructions. Rivaroxaban 0.1μg/
mL treatment was carried out in a medium with 1% fetal bovine serum, 
lacking bovine brain extracts, epidermal growth factor and hydrocortisone.

Proliferation Assay (MTT Assay) 

Cells seeded at a density of 104cells/well in 96-well plates were treated 
for 4 hours with rivaroxaban 0.1μg/mLfollowed by stimulation of glucose 
in concentration of 0.5mM, 5mM 15mM and 30mM. Cell survival was 
determined after 3 hours of glucose stimulation using MTT assay as described 
previously [20]. Cell without rivaroxaban treatment was used as control. 

ROS Production

The derivatives of reactive oxygen metabolites (dROMs) were measured 45 
minutes after the glucose stimulation to evaluate the production of reactive 
oxygen species (ROS) by a photometric assay that measures the total 
oxidant capacity (mainly dependent on the total amount of hydroperoxides, 
a class of reactive oxygen metabolites) of a sample against N,N-diethyl 
paraphenylenediamine.

HUVEC apoptosis Assay

Apoptotic cells were detected with a MEBSTAIN Apoptosis Kit Direct. 
Briefly, HUVECs cells were fixed with 4% paraformaldehyde. The 3’-OH 
DNA ends generated by DNA fragmentation were then nick end-labeled with 
fluorescein isothiocyanate-dUTP, and the nuclei were stained with Propidium 
Iodide (PI).

Apoptotic cells were observed under a laser microscope (Olympus), and the 
measurement of apoptosis was calculated as a percentage of apoptotic nuclei 
versus total nuclei of HUVECs.

Statistical Analysis

Data were expressed as the mean ± SE. The significance for the difference 
among groups was analyzed with JMP10.0 (SAS institute company, NC, 
USA) by one-way ANOVAs. Differences were considered to be statistically 
significance at value of P < 0.05.

Results

Rivaroxaban Treatment Increased Cell Viability in High-
Glucose Condition

To analyze the effect of rivaroxaban on HUVEC viability, we evaluated a 
MTT assay. As shown in (Figure 1), rivaroxaban treatment increased cell 
viability in high-glucose condition (113% in 0.5mM, 103% in 5 mM, 
125% in 15 mM compared with cells without rivaroxaban pre-treatment, 
respectively).
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Figure 1: Cell Survival in HUVECs
Effect of RVX on glucose-stimulated cell survival HUVECs. HUVECs was treated with rivaroxaban (RVX) 0.1μg/mL followed by stimulation of 
glucose in concentration of 0.5mM, 5mM 15mM and 30mM. Cell without RVX pre-treatment was used as control. Results are shown as mean +/- SE 
for 3 independent experiments. *P < 0.05 compared with control. 

HUVEC, human umbilical vein endothelial cell; RVX, rivaroxaban.

Rivaroxaban Treatment Inhibited Cell Apoptosis in High-
Glucose Condition 

HUVEC apoptosis may lead to endothelial dysfunction and contribute 
to the progression of atherosclerosis; we therefore investigated the effect 
of rivaroxaban on HUVEC apoptosis under high glucose condition. This 
was examined by TUNEL and PI counter staining. There was a significant

increase in TUNEL positive cells in a glucose concentration dependent 
manner without rivaroxaban treatment; however, rivaroxaban pre-treatment 
significantly inhibited cell apoptosis (75% decrease in 15 mM glucose-
stimulated-cells, (Figure 2 A,B)).

Figure 2: Detection of Apoptosis by TUNEL Assay in HUVECs.
A: The presence of apoptotic HUVECs after treatment of RVX followed by glucose stimulation. The data represent the average +/- SE. 
B: TUNEL assay of HUVECs pre-treated with or without RVX in high-glucose condition. Cells were treated with or without RVX as noted for 4 
hours, followed by glucose stimulation for 3 hours and labeled with fluorescein-12-dUTP and PI counterstaining. 

HUVEC, human umbilical vein endothelial cell; RVX rivaroxaban; FITC, fluorescein isothiocyanate-dUTP; PI, Propidium Iodide.
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Rivaroxaban Treatment Inhibited ROS Production in High-Glucose 
Condition

We next determine if rivaroxaban can inhibit high-glucose induced ROS 
production. As shown in (Figure 3), there was a significant increase in ROS 
production in glucose-stimulated HUVECs without rivaroxaban-treatment,

which was also inhibited when pre-treated with rivaroxaban (22% and 30% 
decrease in 15mM and 30mM glucose stimulated-cells compared to cells 
without rivaroxaban-pretreatment).

Discussion

In the present study, we provide evidence that rivaroxaban could increase 
HUVEC viability in high level of glycemic excursion. We also found that 
rivaroxaban inhibited cell apoptosis and ROS production of HUVEC under 
high-glucose condition.

It is well known that duration of diabetes and glucose fluctuations are the most 
important risk factors for the development of atherosclerosis, by exhibiting a 
specific triggering effect on oxidative stress which leads to endothelial injury 
[2-7]. Cell survival and apoptosis in response to endothelial dysfunction are 
important features in atherosclerosis [21]. Furthermore, it has been recently 
reported that the PAR2 play a key role in pathologies leading to endothelial 
dysfunction in type 2 diabetes by up-regulating the expression or production of 
TNF-α and activating NAD(P)H oxidase [14]. Consistent with these previous 
results, the present study demonstrated that rivaroxaban increase cell viability, 
inhibit cell apoptosis under high level of glycemic excursion condition in 
cultured HUVEC. This study also revealed that the level of intracellular 
ROS was elevated in high glucose concentration-treated HUVECs and 
suggested that this increase of ROS is inhibited by rivaroxabanpre-treatment. 
Enhanced oxidative stress interacts with TNF-α, NF-κB, AGE/RAGE and 
ox-LDL/LOX-1inducing endothelial dysfunction in type 2 diabetes [22-24].

More studies are needed to identify other associated apoptotic signaling 
pathways after high glucose treatment, such as the NF-kappa B signal 
pathway [25].

Conclusion

Rivaroxaban increases HUVEC viability and inhibits apoptosis induced 
by high-glucose, possibility through ROS signaling. These results suggest 
that rivaroxaban may be effective in the prevention of atherosclerosis.
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Figure 3: ROS Production in HUVECs
Effect of RVX on HUVEC ROS production after 45 min of glucose stimulation. Graphs represent averaged data. Data are expressed as mean +/- SE 
for 3 independent experiments. *P < 0.05 compared with control.

HUVEC, human umbilical vein endothelial cell; RVX, rivaroxaban; ROS, reactive oxygen species.
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