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Abstract. Atherosclerosis is essentially the leading factor
behind occurrences of cardiovascular diseases (CVDs)-
associated incidents, while mitochondrial dysfunction is also
the main cause of atherosclerosis. The present study conducted
a comparative analysis of mitochondrial function-related indi-
cators in cholesterol-induced vascular endothelial cells (VECs)
fromMongolian gerbils, Sprague-Dawley (SD) rats and humans.
It reported that the inhibitory effect of cholesterol treatment on
the viability of Mongolian gerbil VECs was markedly lower
than the other two types of VECs at the same concentration.
Following cholesterol treatment, mitochondrial DNA copy
numbers, reactive oxygen species level, calcium concentration
and mitochondrial membrane potential of Mongolian gerbil
VECs did not change markedly. These results suggested that
the function of mitochondria in the VECs of Mongolian gerbil
is normal. Additionally, cholesterol treatment also did not alter
the levels of superoxide dismutase, glutathione peroxidase,
ATP, NADH-CoQ reductase and cytochrome ¢ oxidase in
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Mongolian gerbil VECs. It was hypothesized that the VECs
of Mongolian gerbils have certain resistance to oxidative
damage induced by cholesterol. In brief, the present study
demonstrated that VECs of Mongolian gerbils are resistant to
cholesterol-induced mitochondrial dysfunction and oxidative
damage. The aforementioned findings establish a theoretical
foundation for the advancement of innovative strategies in the
prevention and treatment of atherosclerosis.

Introduction

Cardiovascular diseases (CVDs) are responsible for ~17
million fatalities annually across the globe, constituting ~1/3 of
all global deaths (1). Atherosclerosis is essentially the leading
factor behind occurrences of CVDs-associated incidents, such
as stroke and myocardial infarction. Therefore, the study of
the pathogenesis of atherosclerosis has profound significance
for the prevention and treatment of CVDs and the protection
of human health. Mitochondria, serving as organelles with
multiple functions, are known for their versatility (2). While
their role in generating cellular energy has been extensively
researched, they also play a part in various cellular processes
such as maintaining calcium levels (3), producing steroids (4)
and mediating redox signaling (5). Reactive oxygen species
(ROS) are mainly produced by mitochondria and are
necessary for the cell as secondary signaling agents and
regulated by numerous antioxidant molecules and proteins (6).
Mitochondria overproduction of ROS will lead to its functional
disorder, resulting in the decrease of oxidative phosphorylation
level, endothelial peroxidation damage, calcium homeostasis
disorder, loss of mitochondrial membrane potential (AWM)
and release of cytochrome ¢ and eventually induce apoptosis
of cells (7). The apoptosis of vascular endothelial cells (VECs)
causes damage to the inner wall of the blood vessels and
oxidized low-density lipoprotein is transported to the space
under the arterial wall, leading to its deposition in vascular
smooth muscle cells and macrophages and the occurrence
of atherosclerosis (8,9). Additionally, high levels of ROS can
cause damage to mitochondrial DNA (mtDNA) (10). Due to
the robust replication ability but limited repair capacity of


https://www.spandidos-publications.com/10.3892/etm.2024.12645

2 WANG et al: ROLE OF MONGOLIAN GERBIL VECs IN MITOCHONDRIAL DYSFUNCTION AND OXIDATIVE DAMAGE

mtDNA, the accumulation of mtDNA damage exacerbates
mitochondrial dysfunction (10). Therefore, mitochondrial
dysfunction caused by excessive ROS is the main cause of
atherosclerosis. By improving mitochondrial respiratory
function, the progression of atherosclerosis can be attenuated.

The Mongolian gerbil (Meriones unguiculatus), is a rodent
belonging to the hamster family (Muridae) within the gerbil
subfamily and gerbil genus (Meriones). The wild gerbil is
mainly distributed in Inner Mongolia and its adjacent arid
and semi-arid areas (11). The Mongolian gerbil is a special
experimental animal in China, with distinctive biological char-
acteristics and has important research and application value in
the field of biomedicine (12). A recent study has demonstrated
that the hypercholesterolemic model in gerbils could be estab-
lished by feeding a high-fat diet for 1 month, but atherosclerosis
did not develop in gerbils for up to 6 months (13). Due to this
biological property, gerbils serve as an excellent animal model
for investigating atherosclerosis. However, there is currently
a lack of research investigating the underlying mechanisms
responsible for atherosclerosis resistance in Mongolian gerbils
both domestically and internationally.

The present study conducted a comparative analysis of
mitochondrial function-related indicators in VECs from
Mongolian gerbils, Sprague-Dawley (SD) rats and humans.
These findings elucidated the intrinsic relationship between
mitochondrial function of Mongolian gerbil VECs and athero-
sclerosis, which may provide a theoretical foundation for the
development of novel approaches towards the prevention and
treatment of atherosclerosis.

Materials and methods

Isolation of VECs of Mongolian gerbils. A total of 20 male
Mongolian gerbils (6-8 weeks old, weighing 50-70 g) were
obtained from Key Laboratory of Experimental Animal,
Zhejiang Academy of Medical Sciences, China. They were
accommodated in cages of standard size, with four gerbils
per cage and a 12-h light/dark cycle. The air temperature was
carefully regulated to be within the range of 22+2°C, and the
humidity was maintained at 60-70%.

The Mongolian gerbils were sacrificed with overdose of
pentobarbital sodium (200 mg/kg) via intraperitoneal injec-
tion. The thoracic aorta was removed under strict aseptic
precautions in super-purgative working table and put into the
petri dish filled with RPMI-1640 medium (containing 10%
FBS and 1% penicillin/streptomycin; Gibco; Thermo Fisher
Scientific, Inc.). The connective tissue and adipose tissue
outside the blood vessels were stripped clean. The tissue was
dissected into 2 mm? pieces using a sterile cross-scalpel and
washed twice in PBS after low-speed centrifugation (210 x g,
1 min at 4°C). The single-cell suspension was obtained after
incubation in collagenase solution, enzymatic hydrolysis
in DNase I solution, filtration through cell filters, rinsing
with PBS and trypsin digestion. All experimental protocols
involving gerbils were conducted in accordance with the
guidelines outlined by the NIH Guide for the Care and Use
of Laboratory Animals (8th edition; https://www.ncbi.nlm.
nih.gov/books/NBK54050/). Additionally, these procedures
received ethical approval from the ethics committee of Jinhua
Polytechnic (approval no. 20190605).

Characterization of Mongolian gerbil VECs. The morphology
of Mongolian gerbil VECs was observed under an optical
microscope (Olympus BX53; Olympus Corporation;
magnification, x100).

For immunofluorescent tests, the isolated VECs were washed
by PBS, fixed with 4% paraformaldehyde for 10 min at room
temperature and then permeabilized with 0.1% TritonX-100 in
PBS. The VECs were blocked with goat serum (Gibco; Thermo
Fisher Scientific, Inc.), followed by incubation with primary
antibody CD31 (1:3,000; cat. no. ab222783; Abcam) overnight
at 4°C and then incubation with secondary antibody (1:5,000;
cat. no. ab7090; Abcam) for 1 h at room temperature. After
staining with DAPI for 2 min at 22°C, images were captured with
the aid of a fluorescence microscope (Olympus Corporation).

Cell culture, cholesterol treatment and cell viability measure-
ment. Huoman primary VECs (cat. no. CP-H115) and SD rat
primary VECs (cat. no. CP-R100) were obtained from Procell
Life Science & Technology Co.,Ltd. These cells obtained from
the commercial market are regarded as commodities, therefore
their sources, including relevant biological information from
specific patients or healthy individuals, have been removed
from identification. Therefore, ethics approval was waived
for use of primary human VECs by the ethics committee of
Jinhua Polytechnic. RPMI-1640 medium containing 10% FBS
and 1% penicillin/streptomycin was utilized for the cultivation
of human VECs, rat VECs and Mongolian gerbil VECs. The
cultures were maintained at 5% CO,and 37°C.

For the measurement of cell viability, the aforementioned
cells at a density of 3x10° were cultivated into 96-well plates
containing FBS-free RPMI-1640. The cells were treated
with different concentrations of cholesterol (0, 6.25, 12.5,
25, 50 and 100 mg/l) for 12 h. Subsequently, 10 ul of CCK-8
solution (Dojindo Laboratories, Inc.) was added to the respec-
tive wells. The duration of the reaction was 3 h. The respective
control groups were treated without cholesterol. Cell viability
was calculated using a BioTek microplate reader (BioTek;
Agilent Technologies, Inc.) at 450 nm.

Flow cytometry analysis of ROS, Ca** concentration and
A¥M. The level of ROS in the cells was assessed using flow
cytometry analysis, employing a ROS Detection Kit based
on DCFH-DA probe (Beyotime Institute of Biotechnology).
A solution of DCFH-DA at a final concentration of 10 uM
was prepared by diluting it with FBS-free medium. After
harvesting and washing the cells (1x10°) twice with PBS, they
were incubated with 500 ul of 10 uM DCFH-DA for 20 min
at 37°C. Subsequently, the cells were washed three times with
FBS-free medium. Finally, detection and analysis of cellular
ROS levels were performed using a FACScan flow cytometer
with BD FACSDiva™ software v.6.0.1 (BD Biosciences)
equipped with an excitation wavelength of 488 nm (14).

For the measurement of intracellular Ca* concentration,
the cells were rinsed with PBS three times and then subjected
to staining with 1 yM Fluo-3 AM (Beyotime Institute of
Biotechnology) for 30 min at a temperature of 37°C in the
dark. Upon entering the cell, Fluo-3 AM can be enzymatically
cleaved by intracellular esterases, resulting in the formation of
Fluo-3. The binding of Ca** to Fluo-3 leads to emission of green
fluorescence. To determine the concentration of intracellular
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Sequences Accession
Species Gene number
Mongolian gerbil COX1 Forward 5'-AGGAGCAGTCTTTGCCATCA-3' NC_023263.1
Reverse 5'-GAGGGCAGCCATGTAGTCAT-3'
GAPDH Forward 5'-ACATGGCCTCCAAGGAGTAAGAA-3' XM_021636934.2
Reverse 5-TGCAGTGAGCTTTATTGATGGTATTC-3'
Sprague-Dawley rat Cox1 Forward 5'-ATTGGAGGCTTCGGGAACTG-3' NC_001665.2
Reverse 5'-AGATAGAAGACACCCCGGCT-3'
GAPDH Forward 5'-CCGTATCGGACGCCTGGTT-3' NM_017008 .4
Reverse 5'-TCCTGGAAGATGGTGATGGGTT-3'
Human COX1 Forward 5'-CTCCCTCTCTCCTACTCCTGCTC-3' NC_012920.1
Reverse 5'-GGCCCCTAAGATAGAGGAGAC-3'
GAPDH Forward 5'-AAGCCTGCCGGTGACTAAC-3' NM_001256799.3
Reverse 5'-GCATCACCCGGAGGAGAAAT-3'

Ca?" concentration, flow cytometric analysis was conducted
using a FACScan flow cytometer with BD FACSDiva software
v.6.0.1 (BD Biosciences) (15).

Mitochondrial membrane potential was detected using
a mitochondrial membrane potential (AWPM) assay Kit with
JC-1 (Beyotime Institute of Biotechnology). The cells were
exposed to JC-1 dye (2 uM) for 20 min at 37°C in the dark,
followed by two washes with PBS. Flow cytometric analysis
was performed using a FACScan flow cytometer with BD
FACSDiva software v.6.0.1 (BD Biosciences) with excitation
at 488 nm and emission filters set at 530 and 585 nm (16).

Mitochondria copy number test. The cells were subjected
to TRIzol reagent (Thermo Fisher Scientific, Inc.) for the
isolation of total RNA, followed by measurement of RNA
concentration with NanoDrop2000 spectrophotometer
(Thermo Fisher Scientific, Inc.). For cDNA synthesis, 1 pg
of RNA was reverse transcribed with Hifair IT 1st Strand
cDNA Synthesis SuperMix (Shanghai Yeasen Biotechnology
Co., Ltd.). PCR was performed using the GeneAmp XL PCR
Kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) on
a thermocycler (T Gradient; Biometra GmbH). The condi-
tions for PCR were: 95°C for 5 min, followed by 40 cycles
of 95°C for 30 sec, 55°C for 30 sec and 72°C for 20 sec.
Mitochondrial COX1 was served as a marker for mtDNA,
while GAPDH was used for normalization. The primers used
are listed in Table I. The quantification of mtDNA content
involved calculating the ratio between mitochondrial COX1
and GAPDH.

Detection of the levels of ATP, NADH-CoQ reductase,
superoxide dismutase (SOD), cytochrome ¢ and glutathione
peroxidase (GSG-Px). According to the instructions of ATP
Assay Kit (Nanjing Jiancheng Bioengineering Institute),
NADH-CoQ reductase Activity Assay Kit (Beijing Solarbio
Science & Technology Co., Ltd.), Total Superoxide Dismutase
Assay Kit (Nanjing Jiancheng Bioengineering Institute), cyto-
chrome c oxidase Assay Kit (Nanjing Jiancheng Bioengineering
Institute) and Glutathione Peroxidase (GSH-PX) Assay Kit

(Nanjing Jiancheng Bioengineering Institute), the levels of
ATP, NADH-CoQ reductase, SOD, cytochrome ¢ oxidase and
GSH-Px were determined.

Statistical analysis. All experiments were conducted in trip-
licate in at least three independent experiments. The data of
cell viability was analyzed by two-way ANOVA followed by
Tukey's multiple comparisons test. Statistical comparisons
for other data in this study were made only between control
and model of one species, which were assessed using the
Student's t-test. Data analysis was conducted using SPSS soft-
ware version 22.0 (IBM Corp.). The data were presented as
mean =+ standard deviation. P<0.05 was considered to indicate
a statistically significant difference.

Results

Identification of Mongolian gerbil VECs. The morphology
of primary isolated Mongolian gerbil VECs was observed
under a light microscope. It was found that the isolated
VECs showed irregular cell morphology (Fig. 1A). CD31 is
a specific marker of endothelial cells, so it was then further
identified whether the isolated cells were VECs. As illus-
trated in Fig. 1B, CD31-positive cells were observed under
a fluorescence microscope. These results indicated that the
Mongolian gerbil VECs were isolated successfully and could
be used in subsequent experiments. To establish cholesterol-
induced oxidative stress cell model, different concentrations
of cholesterol (0, 6.25, 12.5, 25, 50 and 100 mg/l) were used
to stimulate the VECs of Mongolian gerbils, SD rats and
humans for 12 h. It was shown that the viability of the three
types of VECs was decreased by cholesterol treatment, with
a concentration-dependent manner (Fig. 1C). The inhibitory
effect of cholesterol treatment on the viability of Mongolian
gerbil VECs was markedly lower than the other two types of
VEC:s at the same concentration (P<0.01). From the cholesterol
concentration of 50 mg/l, the viability of three types of VECs
was markedly inhibited and with the increase of concentration,
the cell viability was basically no longer reduced. Therefore
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Figure 1. Identification of Mongolian gerbil VECs. (A) The morphology of primary isolated Mongolian gerbil VECs was observed under a light microscope.
Magnification, x100. (B) CD31-positive cells were observed under a fluorescence microscope. Scale bar, 25 ym. (C) The viability of Mongolian gerbil VECs,
SD rat VECs and human VECs treated by different concentrations of cholesterol (0, 6.25, 12.5, 25, 50 and 100 mg/1) was measured by CCK-8 assay. “P<0.01,
“"P<0.001 vs. human; “P<0.01, "*P<0.001 vs. SD rat. VECs, vascular endothelial cells; SD, Sprague-Dawley.

50 mg/l of cholesterol was selected for the succeeding
experiments.

Effects of cholesterol on ROS accumulation, Ca®* concentra-
tion, AYM and mtDNA copy numbers in three types of VECs.
Mitochondrial dysfunction is observed during the progression of
numerous CVDs, including atherosclerosis, while normal mito-
chondrial function is associated with the balance between ROS
production, calcium homeostasis and A¥M. For this, 50 mg/1
of cholesterol was used to treat VECs of Mongolian gerbils, SD
rats and humans for 12 h as the model group, while those VECs
without cholesterol treatment were served as the control group.
DCFH-DA staining assays indicated that compared with the
respective control group, there was a significant increase in ROS
fluorescence intensity in SD rat VECs model group (Fig. 2A;
P<0.001) and human VECs model group (P<0.001). Meanwhile,
it was observed that Ca** overload was also occurred in SD rat
VECs model group (Fig. 2B; P<0.001) and human VECs model
group (P<0.01). Further analysis demonstrated that the impair-
ment of AWM was observed in the VECs model group of both
SD rats (Fig. 2C; P<0.01) and humans (P<0.001), compared with
the respective control group. Additionally, the maintenance of
mtDNA copy numbers has been confirmed to be an essential
factor for preservation of mitochondrial function (17). As shown
in Fig. 2D, real-time PCR revealed a significant reduction in
mtDNA copy numbers in the VECs model group of both SD
rats (P<0.01) and humans (P<0.01). Notably, it was found that
compared with the control group of Mongolian gerbil VECs,

there were no significant differences in ROS production, intra-
cellular Ca** concentration, AWM and mtDNA copy numbers in
Mongolian gerbil VECs model group (Fig. 2A-D).

Effects of cholesterol on antioxidant enzyme activities, ATP
homeostasis and mitochondrial respiratory chain complexes
in three types of VECs. Mitochondrial dysfunction is also
implicated in a series of abnormal energy metabolism and
enzymatic reactions. The activities of antioxidant enzymes
(SOD and GSH-Px) in three types of VECs are shown in
Fig. 3A. Compared with the respective control groups, the
activities of SOD and GSH-Px were markedly decreased in
the VECs model groups of both SD rats (P<0.01) and humans
(P<0.01). The production of ROS in cells can be attributed
to the mitochondrial respiratory chain. ROS are generated
as a result of electron leakage from mitochondria during
the ATP production process through electron-transport
steps (18). As illustrated in Fig. 3B, the results demonstrated
that compared with the respective control group, there was a
significant decrease in ATP production, mitochondrial respira-
tory chain complexes I (NADH-CoQ reductase) activity and
complexes IV (cytochrome c¢ oxidase) activity in the VECs
model groups of both SD rat (P<0.01) and humans (P<0.01).
It was further observed that there was no significant differ-
ence in SOD activity, GSH-Px activity, ATP production,
NADH-CoQ reductase activity and cytochrome ¢ oxidase
activity in Mongolian gerbil VECs model groups relative to its
control group (Fig. 3A and B).
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Figure 2. Effects of cholesterol on ROS accumulation, Ca** concentration, AWM and mtDNA copy numbers in three types of VECs. (A) ROS generation was
calculated by DCFH-DA staining in cholesterol-induced Mongolian gerbil VECs, SD rat VECs and human VECs. (B) Ca** concentration was assessed by
Fluo-3 AM staining in cholesterol-induced Mongolian gerbil, SD rat and human VECs. (C) Changes of AWM in cholesterol-induced Mongolian gerbil, SD rat

and human VECs were shown by JC-1 staining. (D) mtDNA copy numbers detected by reverse transcription PCR. “P<0.01,

ke

P<0.001, ns, no significance.

ROS, reactive oxygen species; AP M, mitochondrial membrane potential; mtDNA, mitochondrial DNA; VECs, vascular endothelial cells; SD, Sprague-Dawley.

Discussion

The Mongolian gerbil has gained popularity as a small
animal model for studying lipid metabolism in researching
atherosclerosis due to its similarities to humans and its
resistance to atherosclerosis (19). While mice and rats have

been extensively used in biomedical research to gather data
on CVDs, there are significant differences between these
animals and humans when it comes to lipid metabolism,
especially regarding high-fat diets and changes in serum
cholesterol levels caused by dietary factors (20). Research has
indicated that gerbils exhibit blood cholesterol concentration
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Figure 3. Effects of cholesterol on antioxidant enzyme activities, ATP homeostasis and mitochondrial respiratory chain complexes in three types of VECs.
(A) The activities of antioxidant enzymes SOD and GSH-Px were determined by the corresponding commercial kits. (B) ATP concentration, NADH-CoQ
reductase activity and cytochrome ¢ oxidase activity were measured by the corresponding commercial Kits. “P<0.01, ““P<0.001, ns: no significance. VECs,
vascular endothelial cells; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase.

changes similar to those of humans in response to different
types and amounts of dietary fat (21). Therefore, the present
study conducted a comparative analysis of mitochondrial
function-related indicators in VECs from Mongolian gerbils,
SD rats and humans to uncover the intrinsic relationship
between mitochondrial function of Mongolian gerbil VECs
and atherosclerosis.

VECs function as a safeguarding shield within the walls
of blood vessels and has a vital role in upholding physiolog-
ical balance. Impaired functioning of VECs is considered a
significant risk factor for cardiovascular health and contrib-
utes to the development of atherosclerosis (22). In the current
study, three types of cholesterol-induced oxidative damage
cell models were established, namely cholesterol-induced
Mongolian gerbil VECs, SD rat VECs and human VECs.
There exists a wide range of research studies conducted
on animal models and humans, which provide substantial
evidence to support the idea that elevated levels of oxida-
tive and nitro-oxidative stress resulting from an augmented
production of ROS and diminished reserves of antioxidants
play a significant role in the development of atheroscle-
rosis (23-27). For example, Ekstrand ef al (28) established
a new imaging technique to visualize and quantify intracel-
lular and extracellular ROS levels within intact mouse aortas.
They demonstrated that both intracellular and extracel-
lular ROS levels were increased in advanced lesions (28).

Batty et al (25) reported that the production of ROS initi-
ates several processes involved in atherogenesis, including
expression of adhesion molecules, stimulation of vascular
smooth muscle proliferation and migration, apoptosis in the
endothelium, oxidation of lipids, activation of matrix metal-
loproteinases and altered vasomotor activity (25). These
publicly available data indicated that compared with healthy
individuals, elevated ROS levels are a risk factor for the
occurrence of atherosclerosis.

The present study found that ROS amounts were
increased markedly in the VECs model groups of both
SD rats and humans, compared with the respective
control groups, while there seemed no significant differ-
ences between Mongolian gerbil VECs model group and
control group. These results to some extent implied the
anti-atherosclerotic properties of Mongolian gerbils. The
accumulation of calcium within the arterial wall is another
important characterization of atherosclerosis (29). In addi-
tion, studies have shown that the mitochondrial Ca?** levels
play a pivotal role in the generation of ROS (30,31). Ca**
has the potential to enhance the generation of ROS through
both direct and indirect mechanisms (32,33). Directly,
they can stimulate enzymes involved in ROS production,
such as a-ketoglutarate dehydrogenase and glycerol phos-
phate (32). Indirectly, mitochondrial Ca** can activate nitric
oxide synthase, which leads to the formation of nitric oxide
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and the blocking of complex IV, resulting in an excessive
production of ROS (33). As expected, high levels of Ca?
were observed in the VECs model groups of both SD rats
and humans, but no changes in Mongolian gerbil VECs
model group. These findings suggested that in cholesterol-
induced SD rat VECs and human VECs, the elevated Ca?*
levels surpassing the physiological threshold result in Ca?*
overload, leading to detrimental ROS production.

In addition, mitochondrial Ca** overload can further
compromise mitochondrial bioenergetics and functions,
resulting in diminished ATP production, subsequent
dissipation of AWM and ultimately triggering cellular
apoptosis (34,35). Similarly, the present study, demon-
strated a significant decrease in AWM and ATP production
in cholesterol-induced SD rat and human VECs, while no
significant changes were observed in cholesterol-induced
Mongolian gerbil VECs, suggesting that mitochondrial
dysfunction occurs in the VECs model groups of both SD
rats and humans. This conclusion was further confirmed by
the decrease of mtDNA copy numbers in both SD rat and
human VECs model groups. According to a previous study,
it has been found that mtDNA is responsible for encoding
several polypeptide subunits that make up the mitochondrial
respiratory chain complexes (I, III, IV), with the exception
of complexes II (36). Given that mutations in mtDNA can
result in the dysfunction of mitochondrial respiratory chain
complexes, excessive generation of ROS and synthesis of pro-
apoptotic proteins, eventually leading to cell apoptosis (36)
It was therefore hypothesized that mitochondrial respiratory
chain dysfunction occurred in cholesterol-induced SD rat
and human VECs. The results that mitochondrial respira-
tory chain complexes I (NADH-CoQ reductase) activity
and complexes IV (cytochrome c oxidase) activity were
reduced in both SD rat and human VECs model groups
further validated this hypothesis. Excessive ROS produc-
tion and mitochondrial dysfunction are also implicated in
a series of other complex biological process such as redox
imbalance (37). The enzymes SOD and GSH-Px play crucial
roles as antioxidant defense mechanisms within cells (38).
The present study found that compared with the respective
control groups, the activities of SOD and GSH-Px were
markedly decreased in SD rat and human VECs model
groups, but no changes were observed in cholesterol-induced
Mongolian gerbil VECs, which further indicated that oxida-
tive damage was obviously in cholesterol-induced SD rat
VECs and human VECs.

Some limitations of this study should not be overlooked.
First, it is imperative to measure the activities of other mito-
chondrial respiratory chain complexes, such as complexes
IT and III. Second, further investigation is required to assess
the activities of other enzymatic defenses in ROS scavenging
systems, including GSH-Px, catalase and malondialdehyde.
Third, a more comprehensive approach would involve delving
deeper into the underlying reasons behind the resistance of
Mongolian gerbils to atherosclerosis in animal models.

To summarize, the present study primarily compared
the effects of cholesterol treatment on VECs derived from
Mongolian gerbils, SD rats and humans. Notably, cholesterol
treatment markedly induced mitochondrial dysfunction in
both SD rat and human VECs; however, it exerted minimal
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effect on the normal mitochondrial function of Mongolian
gerbils. These findings provide a theoretical basis for the
development of innovative approaches towards preventing and
treating atherosclerosis.
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