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Background and Purpose: Endothelium exerts an important role in releasing vasoactive 
substances, maintaining the blood flow, regulating the growth of vessels, moderating the 
process of coagulation, and the balance of fibrinolytic system, the dysfunction of which is 
reported to result in arterial stiffness. The present study aimed to investigate the effects of 
loxoprofen sodium against HUVECs injury induced by angiotensin II.
Methods: The injury model on HUVECs was established through incubation with angio-
tensin II. The expression levels of AT2R, NOX-4, Bax, Bcl-2, and caspase-3 were evaluated 
using qRT-PCR and Western Blot. DCFH-DA assay was used to detect the production of 
ROS and ELISA assay was used to evaluate the level of reduced glutathione. Mitochondrial 
membrane potential (MMP) was measured using dihydrorhodamine 123 assay. MTT and 
LDH assays were utilized to determine the proliferation ability of HUVECs. The apoptosis 
rate of HUVECs was evaluated using flow cytometry.
Results: Loxoprofen sodium suppressed endothelial AT2R elevation by angiotensin II. 
Loxoprofen ameliorated Angiotensin II–induced production of ROS, reduced GSH, and 
NOX-2 and NOX-4 expression. Furthermore, Loxoprofen mitigated Angiotensin II, reduced 
mitochondrial membrane potential and improved cell viability, and suppressed LDH release 
by angiotensin II. Importantly, loxoprofen showed a beneficial role in protecting endothelial 
apoptosis by mitigating apoptotic machinery including the balanced expression of Bax, Bcl- 
2, and caspase-3 cleavage.
Conclusion: Loxoprofen sodium might alleviate the high ROS levels and apoptosis induced 
by angiotensin II in HUVECs.
Keywords: angiotensin II, apoptosis, endothelial cells, ROS

Introduction
Endothelium forms the interphase between the blood vessels and surrounding tissues. 
The endothelium is extensive in almost all the tissues and plays important roles in 
whole-body homeostasis by releasing vasoactive substances, maintaining the blood 
flow, regulating the growth of vessels, moderating the process of coagulation, and 
balancing the fibrinolytic system. Vascular endothelial cells not only function as the 
barrier between the inside and outside of a blood vessel but also play essential roles in 
synthesizing, releasing, transforming, activating, or inactivating vasoactive 
hormones.1,2 The vasoactive factors released by the vascular endothelial cells, such 
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as nitric oxide, prostaglandin, and endothelin, exert impor-
tant roles in regulating the vasomotor function of blood 
vessels, maintaining the homeostasis of vascular walls and 
the steady flow of blood.3–5 Therefore, the integrity and 
functional normality of vascular endothelial cells are of 
great significance in protecting us from cardiovascular dis-
eases, such as arterial stiffness.6–8 Angiotensin II, which is 
a peptide transformed from angiotensin I, is reported to be 
involved in the process and development of arterial stiffness 
by stimulating the vessels to release excessive free radicals, 
which contribute to the damage inflammation, and dysfunc-
tion of vascular endothelial cells.9 Angiotensin II acts by 
binding two receptors, the angiotensin II type 1 receptor 
(AT1R) and the angiotensin II type 2 receptor (AT2R). 
AT1R and AT2R are widely used as the targets of drug 
development. Most studies show that AT2R often mediates 
effects opposing those of the AT1R.10

Oxidative stress (OS) induced by angiotensin is 
responsible for the damage to vascular endothelial cells. 
OS is a negative regulation reaction produced by radicals, 
which is regarded as an important factor that results in cell 
senescence and apoptosis.11 Mitochondrial dysfunction is 
caused by the extensive OS as the mitochondrial trans-
membrane potential and ATP levels decrease, which 
finally results in the apoptosis of cells.12 To protect vas-
cular endothelial cells from the damage of harmful stimu-
lators and decrease the risk of arterial stiffness, alleviating 
the apoptosis caused by extensive OS might be an effec-
tive therapeutic method.

Loxoprofen sodium is the first non-steroidal anti- 
inflammatory drug (NSAID), which belongs to the propionic 
acid group which includes commonly used drugs ibuprofen 
and naproxen.13,14 The main therapeutic mechanism of lox-
oprofen sodium is its inhibition on the synthesis of prosta-
glandin, and its analgesic effect is approximately 10–20 fold 
of several other NSAIDs such as indomethacin, ketoprofen, 
or naproxen.15 Recognized as a promising analgesic, anti- 
inflammatory and antipyretic effects have been observed on 
the clinical trials on loxoprofen sodium.16

So far, loxoprofen has been shown to be a very effec-
tive anti-inflammatory agent without side effects in the 
gastrointestinal tract.17 A clinical case report indicates 
combination usage of loxoprofen, and ACE antagonists 
can produce serious side effects in aged patients.18 

However, its effect on vascular cells remains unclear. In 
the present study, we investigated the anti-apoptotic effects 
of loxoprofen sodium on vascular endothelial cells and 
explored its potential therapeutic function in treating 

arterial stiffness. By investigating the possible mechanism, 
the present study aimed to provide a fundamental theore-
tical basis for the clinical application of loxoprofen sodium 
against arterial stiffness.

Materials and Methods
Cell Culture and Treatments
Human umbilical vein endothelial cells (HUVECs) were 
purchased from American Type Culture Collection 
(ATCC, Rockville, MD USA). DMEM medium with 
10% fetal bovine serum was used to culture the cells at 
37°C with 5% CO2.

Reverse Transcriptase-Polymerase Chain 
Reaction (qRT-PCR)
The TRIzol reagent (Thermo Fisher Scientific, Waltham, 
USA) was used to isolate total RNA. Subsequently, 2 μg of 
total RNA with a Primescript material kit (Thermo Fisher 
Scientific, Waltham, USA) was used to synthesize cDNA. 
PCR amplification was performed with TransStart Tip Green 
qPCR SuperMix kit (Genscript, Nanjing, China). The 2−ΔΔCt 

method was used to compare the relative expressions of genes.

Western Blotting Assay
HUVECs were collected and lysed in RIPA buffer (Thermo 
Fisher Scientific, Waltham, USA) to generate crude extracts, 
and the proteins in the extracts were separated using 15% 
SDS-PAGE. Subsequently, the separated proteins were 
transferred to PVDF membranes (Thermo Fisher Scientific, 
Waltham, USA) using semi-dry transfer. The membranes 
were blocked by incubation with a 5–10% BSA solution 
for 1–2 hours. Then, the membranes were incubated with 
primary antibodies against AT2R, NOX-4, Bax, Bcl-2, cas-
pase-3, and β-actin (Abcam, Cambridge, MA) at 25°C for 2 
hours. After washing, the blot was incubated with 
a horseradish peroxidase-conjugated secondary antibody 
(1:3000, Abcam, Cambridge, MA) at 25°C for 1–2 hours. 
Finally, the blots were incubated with ECL reagents 
(Amersham Pharmacia Biotech, Inc, USA) and visualized 
with an Amersham Imager 600 (GE, United Kingdom).

2.7-Dichlorodi-Hydrofluorescein 
Diacetate (DCFH-DA) Staining
The ROS levels were evaluated using a fluorescent stain-
ing method with the ROS probe DCFH-DA (Thermo 
Fisher Scientific, Waltham, USA). HUVECs were col-
lected and washed with PBS buffer and DCFH-DA was 
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transfected into the cells by incubating with the HUVECs 
for 40 minutes at 37°C in the dark. The fluorescent images 
representing the ROS levels were observed and captured 
using an inverted microscope. The mean fluorescent inten-
sity of DCFH-DA was calculated with Image-Pro Plus 
(version 5.0, Media Cybernetics, USA) to indicate the 
intracellular ROS levels.

Measurement of Reduced Glutathione
The concentration of reduced glutathione released by 
HUVECs was evaluated using an ELISA assay. Briefly, 
100 μL different dilutions of the standard sample were 
added to the reaction plate and incubated at 37°C for 30 
minutes. Secondly, to each well, 100 μL of test samples 
was added to the plate after washes and incubated at 37°C 
for 2 hours. Thereafter, the plates were washed before the 
addition of 100 μL horseradish peroxidase-labeled second-
ary antibody and incubated at 37°C for 30 minutes. 
Afterward, 50 μL developer A and 50 μL developer 
B were added. The plates were kept in the dark for 15 min-
utes. Lastly, to each well, 50 μL stop solution was added 
into the plate to terminate the reaction.19 The optical 
density of the plate was read at 450 nm using an ELISA 
reader (EXL808; BioTek Instruments), and the concentra-
tion of the test sample was calculated.

Dihydrorhodamine 123 Staining
1 g/L dihydrorhodamine 123 in DMSO was diluted by 
DMEM medium containing 10% fetal bovine serum to 
10 mg/L and was added into the HUVECs cultural med-
ium. The cells were washed with cold PBS for 5 minutes 
following incubation for 30 minutes at 37°C in the dark 
and loaded into the flow cytometry to detect the mitochon-
drial membrane potential.

ATP Production
The cellular ATP level was measured using a commercial 
ATP determination kit (Thermo Fisher Scientific, USA). 
Briefly, HUVECs were lysed to obtain the soluble portion. 
50 μL of the samples were used to react with the equal 
volume of the D-luciferin-luciferase reagent. The intensity 
of chemiluminescence from the reaction was read using 
a microplate luminometer at 560 nM. The ATP concentra-
tions of the samples were extrapolated from a standard 
curve, and the results were presented as the fold change 
relative to the control sample.

MTT Assay
Cells were seeded into plates (Corning, Corelle City, NY, 
USA) at 37°C for 24 hours. Then, 10 μL of 5 mg/mL MTT 
solution (Thermo Fisher Scientific, Waltham, USA) was 
mixed into the medium. Four hours later, the formazan 
was added to about 200 μL of dimethyl sulfoxide (DMSO, 
Genview, Beijing, China). The OD value at 490 nm was 
recorded using a microplate reader (BMG LABTECH). 
The value (ODcontrol-ODtreatment)/OD control was used to 
represent the suppressive rate.

LDH Release Assay
The injury on HUVECs was determined using the LDH- 
Cytotoxicity Colorimetric Assay Kit II (#K313-500, 
BioVision, USA). Briefly, HUVECs were seeded in a 24- 
well plate and a 10 μL medium solution per well was 
added into the cells. Subsequently, the cells were mixed 
with 100 μL LDH Reaction Mix to incubate for 30 min-
utes at room temperature. A microplate reader (EXL808; 
BioTek Instruments) was used to measure the absorbance 
at 450 nm.

Flow Cytometer Assay
HUVECs were collected into 1.5 mL tubes. 10 μL fluores-
cently labeled Annexin V reagent and 5 μL PI reagent was 
added to each tube. The tubes were incubated for 10 minutes 
under room temperature. Approximately, 200 μL cells were 
added into the flow tube containing 2 mL PBS and tested using 
the flow cytometry (Thermo Fisher Scientific, Waltham, 
USA). Three independent assays were performed.

Statistical Analysis
Mean ± standard deviation (SD) was displayed to show the 
data. Prism (version 6, GraphPad, USA) was used to 
analyze the data. Students’ t-test and one-way analysis of 
variance (ANOVA) were utilized for the contrast among 
different groups. P<0.05 was regarded as a statistically 
significant difference between the groups.

Results
Loxoprofen Suppresses the Expression of 
Endothelial AT2R
To establish the injured HUVECs model in-vitro, HUVECs 
were incubated with 10 µM angiotensin II. Two concentra-
tions (10 and 20 μg/mL) of loxoprofen sodium, the chemical 
structure of which is shown in Figure 1A, were added to the 
culture medium to explore its effects on the expression of 
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AT2R. To test the cytotoxicity of loxoprofen, we performed an 
MTT experiment with different doses of loxoprofen treatment 
for 24 hours. As shown in Figure 1B, the range of 0.1 to 20 μg/ 
mL loxoprofen had no obvious influence on the viability of 
HUVECs, while 100 and 200 μg/mL loxoprofen reduced their 
viability to 88- and 82%, respectively (Figure 1B). Therefore, 
10 and 20 μg/mL loxoprofen were used in all the following 
experiments. As shown in Figure 2A and B, the stimulation of 
angiotensin II induced about 2.8- and 2.4-fold AT2R mRNA 
and protein level, respectively. However, these inductions 
were significantly inhibited by the addition of loxoprofen, 
with higher doses (20 μg/mL) reducing AT2R mRNA and 
proteins to 1.7- and 1.6-fold, respectively.

Loxoprofen Suppresses Endothelial ROS 
Elevation by Angiotensin II
Following the stimulation with angiotensin II, the levels of 
ROS in HUVECs were greatly elevated, the result is shown in 
Figure 3A. Angiotensin II increased ROS production 3.5-fold, 
but 10 and 20 μg/mL loxoprofen ameliorated its induction to 
only 2.4- and 1.6-fold, respectively. As shown in Figure 3B, 
the concentration of reduced glutathione (GSH) in angiotensin 
II-treated HUVECs was reduced to 53%, of that of control. 
However, 10 and 20 μg/mL loxoprofen doses responsively 
recovered 78% and 93% of reduced GSH, respectively. 
Results in Figure 4A and B show the mRNA and protein 
expression levels of ROS related protein, NOX-2, and NOX- 
4, in treated HUVECs. Consistently, angiotensin II treatment 
increased both the expressions of NOX-2 and NOX-4, which 
were reduced by 10 and 20 μg/mL loxoprofen.

Loxoprofen Ameliorates Mitochondrial 
Function and Protects Endothelial 
Viability
To explore the effects of loxoprofen sodium on the mitochon-
drial function and cell viability of injured HUVECs, dihy-
drorhodamine 123 assay, and MTT assay were performed. As 
shown in Figure 5A, the mitochondrial membrane potential 
in HUVECs was reduced to 46% percent of the control by 
the stimulation of angiotensin II but was elevated to 73% and 
89% by incubating with 10 or 20 μg/mL loxoprofen, respec-
tively. Meanwhile, the results in Figure 5B show that expo-
sure to angiotensin II resulted in the ATP production being 
reduced to 68% of the control group, however, treatment 
with loxoprofen sodium significantly recovered the ATP 
production to 83- and 95% of the control group, respectively. 
Figure 6A shows that cell viability was reduced from 100% 
to 62% by the introduction of angiotensin II and promoted to 
81% and 93% by incubating with 10 and 20 μg/mL loxopro-
fen sodium, respectively. The release of LDH was used to 
represent the cell death rate, the result is shown in Figure 6B. 
The release of LDH was promoted from 6.9% to 39.8% 
following the stimulation of angiotensin II, but reduced to 
22.3% and 15.8% by the introduction of 10 and 20 μg/mL 
loxoprofen sodium, respectively.

Loxoprofen Protects Angiotensin 
II-Induced Endothelial Apoptosis
Flow cytometry was used to detect the apoptosis rate of 
HUVECs, and the results are shown in Figure 7A 

Figure 1 (A) Molecular structure of Loxoprofen sodium. (B) Cytotoxicity of Loxoprofen. Cells were treated with Loxoprofen sodium (0, 0.1, 1, 10, 20, 100, 200 μg/mL) for 
24 hours. Cell viability was measured using MTT assay (N=3, *, **, P<0.05, 0.01 vs vehicle group).

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2020:14 5090

Ji et al                                                                                                                                                                  Dovepress

http://www.dovepress.com
http://www.dovepress.com


and B. The cell apoptosis rate was promoted from 7.9% to 
32.1% after the stimulation with angiotensin II and was sup-
pressed to 20.9% and 10.5% following the introduction of 
10 and 20 μg/mL loxoprofen sodium, respectively. To verify 
the effects of loxoprofen sodium on apoptosis, the expression 
levels of apoptotic proteins were evaluated using Western Blot 
and qRT-PCR experiments. As shown in Figure 8A and B, 
Bax and cleaved caspase-3 were significantly up-regulated in 
HUVECs by the administration of angiotensin II, the expres-
sions of which were greatly suppressed by the introduction of 
10 and 20 μg/mL loxoprofen sodium. The expression of Bcl-2 
was inhibited by angiotensin II, and elevated by 10 and 
20 μg/mL loxoprofen sodium.

Discussion
Vascular endothelial cells (VEC) are not only the mechanical 
barrier between the circulating blood and vascular smooth 
muscle cells but also one of the most important endocrine 
organs in our body, by which only a small fraction of materials 
is permitted to enter the vascular walls.20,21 Two types of 
bioactive factors are released by VECs: the anti- 
arteriosclerosis factors, such as nitric oxide, prostaglandin, 
and tissue plasminogen activators, and pro-arteriosclerosis 
factors, such as endothelin-1, angiotensin II, and prostaglandin 
and tissue plasminogen inhibitors. A steady balance is kept 
between these factors under normal physiological conditions 
to maintain the steady blood flow. However, cardiovascular 
diseases, such as arterial stiffness, will develop when the 
function of endothelium is impaired.22,23 Angiotensin II is 
reported to be one of the main factors that contribute to the 
process and development of arterial stiffness. The infiltration 
of inflammatory cells into the injured VECs could be induced 
by angiotensin II, which will be produced by inflammatory 
cells in turn. A malignant cycle is formed to impact the 
function of VECs.24 In addition, the synthesis of NF-κB can 
be promoted by angiotensin II, which is a transcriptional factor 
that up-regulates the expression of adherence factors, inflam-
matory factors, epoxidase-2, and angiotensinogen.25,26 It 
is reported that Angiotensin II–induced mitochondrial 

Figure 2 Loxoprofen sodium reduced the expression of Ang-II receptor type 2 
(AT2R) in human umbilical vein endothelial cells (HUVECs). Cells were treated with 
10 µM angiotensin II in the presence or absence of Loxoprofen sodium (10, 20 μg/ 
mL) for 24 h. (A) mRNA of AT2R (N=5); (B) Protein of AT2R (****, P<0.0001 vs 
vehicle group; #, ##, P<0.05, 0.01 vs Ang-II treatment group, N=3).

Figure 3 Loxoprofen sodium prevented Ang-II-induced oxidative stress in human 
umbilical vein endothelial cells (HUVECs). (A) Production of ROS (N=3); (B) the 
levels of reduced GSH (***, ****, P<0.001, 0.0001 vs vehicle group; #, ##, P<0.05, 0. 
01 vs Ang-II treatment group, N=3).
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dysfunction reduces endothelial NO bioavailability and pro-
motes ROS generation,27 therefore Angiotensin II–impaired 
mitochondrial function could be one of the mechanisms of 
endothelial dysfunction. Besides, the renin-angiotensin system 
(RAS) can be activated by angiotensin II to inhibit the function 
of progenitor cells, which has been reported to be beneficial to 

the recovery of VEC function and alleviates the symptoms of 
arterial stiffness.28 In the present study, angiotensin II was 
used to establish the in-vitro HUVEC injury model, which 
was verified to be characterized as an up-regulated AT2R, 
elevated ROS levels, impaired mitochondrial membrane 
potential, reduced ATP production, reduced cell viability and 
a higher apoptosis rate. The angiotensin II–injured HUVECs 
were used to evaluate the protective effects of loxoprofen 
sodium in this model. Our data shows loxoprofen promoted 
cell viability and inhibited LDH release, indicating that lox-
oprofen plays a protective role against angiotensin II–induced 
HUVEC injury. A representative schematic of the molecular 
mechanisms is shown in Figure 9. As illustrated in Figure 9, 
loxoprofen mitigates AT2R receptor expression on the 
endothelial surface which is known to be a protective receptor 
of Angiotensin II. Loxoprofen appears to regulate intracellular 

Figure 4 Loxoprofen sodium prevented Ang-II-induced expression of NOX-4 in 
human umbilical vein endothelial cells (HUVECs). (A) mRNA of NOX-2 and NOX- 
4 (N=5); (B) protein of NOX-2 and NOX-4 (****, P<0.0001 vs vehicle group; #, ##, 
P<0.05, 0.01 vs Ang-II treatment group, N=3).

Figure 5 (A) Loxoprofen sodium prevented Ang-II-induced reduction of mito-
chondrial membrane potential (Δψm) in human umbilical vein endothelial cells 
(HUVECs). Mitochondrial membrane potential (Δψm) was measured by dihydror-
hodamine 123 (N=3). (B) Loxoprofen recovered angiotensin II reduced ATP pro-
duction. Cells were treated with 10 µM angiotensin II in the presence or absence of 
loxoprofen sodium (10, 20 μg/mL) for 24 hours (****, P<0.0001 vs vehicle group; #, 
##, P<0.05, 0.01 vs Ang-II treatment group, N=3).
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signaling by modulating Bax/Bcl-2 ratio on the mitochondrial 
compartment and balanced expression of NOX-2 and NOX-4. 
As a result, loxoprofen works as a beneficial antioxidant agent 
to protect Angiotensin II triggered endothelial apoptosis.

To further explore the potential therapeutic effects of 
loxoprofen sodium against arterial stiffness, the in-vivo 
animal models will be well designed to evaluate the sys-
temic preclinical pharmacodynamic function of loxoprofen 
sodium in our future work. As the most important effector 
molecule in the renin angiotensin-aldosterone-system, 
angiotensin II is reported to induce excessive oxidative 
stress reactions in HUVECs.29 Rajagopalan30 reported 
that the diastolic reactivity of artery vessels against acet-
ylcholine decreased greatly following the administration of 
angiotensin II into normal rats, which was found to be 
related to the production of superoxide anions.

Endothelial cells express different types of NOX pro-
tein including NOX-1, NOX-2, NOX-4, and NOX-5. 
Among them, NOX-2 and NOX-4 are the dominant 
forms in endothelial cells.31 The expression levels of 
NOX-2 and NOX-4 could be up-regulated in the endothe-
lial progenitor cells by angiotensin II to produce excessive 
reactive oxygen but reversed by telmisartan, an antagonist 

of angiotensin.32 Tsuneki33 verified that the ROS were 
induced and NOX-2 was up-regulated in the HUVECs 
incubated with 100 nM angiotensin II and reversed by 
the introduction of Coenzyme Q10. In the present study, 
by stimulating HUVECs with 10 µM angiotensin II, the 
production of ROS was significantly promoted and the 
release of GSH was significantly reduced, which was 
consistent with previous reports. NOX-4, an oxidase of 
NADPH, was up-regulated by angiotensin II. These data 
indicated that the ROS levels in HUVECs were greatly 
elevated by angiotensin II, which was a factor that induced 
HUVEC injury. Following the introduction of loxoprofen 
sodium, the production of ROS was suppressed, the releas-
ing of GSH was elevated and the expression level of 
NOX-4 was inhibited. These data indicate that the pro-
moted ROS levels by angiotensin II were significantly 
reversed by loxoprofen sodium, which implied that the 
HUVECs, injured by angiotensin II might be repaired by 
loxoprofen sodium.

Loxoprofen is a potent and non-selective inhibitor of 
cyclooxygenases including COX-1 and COX-2, two rate- 
limiting enzymes for the production of prostaglandin (PG) 
and thromboxane (TX). Loxoprofen has been shown to 

Figure 6 Loxoprofen sodium prevented Ang-II-induced reduction of cell viability and release of lactate dehydrogenase (LDH) in HUVECs. Cells were treated with 10 µM 
angiotensin II in the presence or absence of Loxoprofen sodium (10, 20 μg/mL) for 24 h. (A) Cell viability (N=3); (B) release of LDH (****, P<0.0001 vs vehicle group; #, ##, 
###, P<0.05, 0.01, 0.001 vs Ang-II treatment group, N=3).

Figure 7 Loxoprofen sodium prevented Ang-II-induced apoptosis in HUVECs. Cells were treated with 10 µM angiotensin II in the presence or absence of Loxoprofen 
sodium (10, 20 μg/mL) for 24 h. (A) Cell apoptosis was measured by the flow cytometer assay (N=3); (B) quantification of apoptosis (****, P<0.0001 vs vehicle group; ##, 
###, P<0.01, 0.001 vs Ang-II treatment group, N=3).
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suppress both cyclooxygenases COX-1 and COX-2 in both 
in vitro and in vivo experiments.34–36 In endothelial cells, 
COX-1-derived vasoconstrictor PGs contribute to endothe-
lial dysfunction, but COX-2 derived contractile factors 
play complicated roles. It has been reported that COX-2 
plays a beneficial role in hypertensive patients, but its 
inhibition in coronary artery disease improves vascular 
function and flow-mediated dilatation.37 The beneficial 
role of Loxoprofen on Angiotensin II–induced endothelial 
injury could be mediated by the inhibition of endothelial 
COX-1 and COX-2 to mitigate the imbalance of inflam-
mation and vasotone. According to our data, the mechan-
istic role of loxoprofen could rely on its suppression of 
endothelial AT2R receptor expression. Secondly, it is 
reported that Angiotensin II–induced mitochondrial dys-
function reduces endothelial NO bioavailability and pro-
motes ROS generation,27 therefore, Angiotensin II 
impaired mitochondrial function could be one of the 
mechanisms of endothelial dysfunction. A previous study 
showed that COX-1/COX-2 inhibition raises cellular 
levels of arachidonic acid, which can lead to the inhibition 

of mitochondrial oxidative phosphorylation (OXPHOS) 
and increase in generation of mitochondrial-derived reac-
tive oxygen species.38 In our study, loxoprofen treatment 
indeed ameliorated impaired mitochondrial membrane 
potential and reduced ROS production, suggesting loxo-
profen could protect mitochondrial function to promote 
cell survival. In future work, the effects of loxoprofen 
sodium on ROS levels and flow-mediated vasodilation in 
animal models should be investigated to validate its phar-
macological effect on endothelial dysfunction.

AT2R is one of the functional receptors of angiotensin 
II, which has been proven to mediate the progress of 
apoptosis. The function of mitrisin-activated protein 
kinase phosphatase (MAKP-1) can be promoted following 
the activation of AT2R, which induces the dephosphoryla-
tion of anti-apoptotic proteins, such as Bcl-2, and the 
activation of pro-apoptotic proteins, such as caspase-3. 
Therefore, in this way, the apoptosis of HUVECs 
occurs.39 In addition, the level of ceramide can be pro-
moted by the activation of AT2R to induce the apoptosis 
of the neurogenic PC12 cells.40 Neuron growth factor 

Figure 8 Loxoprofen sodium prevented Ang-II- induced reduction of Bcl-2 and an increase in expression of Bax and cleavage of caspase-3. Cells were treated with 10 µM 
angiotensin II in the presence or absence of loxoprofen sodium (10, 20 μg/mL) for 24 h. (A) Expression of Bax and Bcl-2 (N=3); (B) cleavage of caspase-3; (****, P<0.0001 vs 
vehicle group; ##, ###, P<0.01, 0.001 vs Ang-II treatment group, N=3).

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2020:14 5094

Ji et al                                                                                                                                                                  Dovepress

http://www.dovepress.com
http://www.dovepress.com


(NGF) is reported to activate Bcl-2 through activating the 
ERK signal pathway, which is inhibited by the angiotensin 
II/AT2R signal pathway.41 In the present study, the apop-
tosis rate of HUVECs was significantly promoted by 
angiotensin II, which also induced the up-regulation of 
AT2R. Simultaneously, Bcl-2 was down-regulated 
whereas Bax, caspase-3 were up-regulated, which was 
consistent with previous reports. Following the introduc-
tion of loxoprofen sodium, the apoptotic state of HUVECs 
was significantly alleviated. These data indicated that the 
apoptosis induced by angiotensin II/AT2R signal pathway 
was greatly reversed by loxoprofen sodium. Besides the 
receptors, the availability of circulatory angiotensin II is 
also critical to vascular function. ACE antagonists have 
been used to modulate the vascular function.42 ACE con-
verts the inactive angiotensin I to the active angiotensin II 
or inactivate kinins, while ACE antagonists bind to ACE 
and decrease circulating Angiotensin II by inhibiting ACE 
activity. Several ACE antagonists, such as zofenoprilat 
(ZOF), enalaprilat, lisinopril, and captopril, have been 
employed to suppress the level angiotensin II in endothe-
lial cells.43,44 One of the limitations of this study is that 
we could not use ACE antagonists as a positive group to 
block Angiotensin II pathway in our loxoprofen treatment 
experiment. Furthermore, the findings of loxoprofen in 
cultured endothelial cells should be tested in animal 

models. A future experiment in vivo is required to vali-
date the regulatory effect of loxoprofen in the vascular 
system. Collectively, our data shows solid evidence that 
the COX inhibitor drug loxoprofen sodium possesses 
a protective effect to repair endothelial injury caused by 
angiotensin II.
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