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ABSTRACT

Article type:

Objective(s): Lectin‐like low density lipoprotein receptor (LOX‐1) has pivot role in vascular
complications, which is upregulated in numerous pathological conditions. Since exercise has beneficial
effects in prevention of hyperlipidemic complications, present study examined protective effects of
aerobic exercise through reduction of LOX‐1 expression in heart during dyslipidemia.
Materials and Methods: Four groups of rats were used (N=25): Normal, Normal and exercise, High fat
and High fat and exercise. High fat diet (HFD) was made by adding 10% animal oil, 2% cholesterol and
0.5% colic acid to standard rodent chow. Exercise protocol consisted of swimming 1 hr/day, and 5
days/week for 8 weeks. Plasma lipids were evaluated at the end of experiment, 48 hr after final session
of exercise. At the end, rats were sacrificed and heart was removed for determination of
malondialdehyde (MDA) content, and LOX‐1 expression.
Results: HFD meaningfully changed lipid profile (>50%), but chronic exercise had no significant effects
on lipid profile. LOX‐1 expression was significantly increased in heart of rats fed with HFD, while
swimming exercise considerably reduced gene expression of LOX‐1. MDA content was significantly
enhanced in rats fed with HFD (4.37±0.6 nmol/mg, P<0.01) compared to normal group (1.56±0.48
nmol/mg), whereas swimming exercise decreased MDA level of heart in rats fed with HFD (2.28±0.32,
P<0.01).
Conclusion: Findings indicated that swimming exercise is able to diminish heart expression of LOX‐1
receptor concomitant reduction of oxidative stress. Since these parameters are involved in generation
of dyslipidemic complications, swimming exercise is a good candidate to reduce these complications.
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Introduction

Dyslipidemia and physical inactivity are two main
factors that are involved in the development of
atherosclerosis and their related complications like
cardiovascular diseases (CVD) (1). Findings of recent
studies show that coronary atherosclerosis begins at
early age, and one in six people has atherosclerotic
lesions (2). Dyslipidemia, which is characterized by
high concentration of triglyceride, total cholesterol
and low‐density lipoprotein cholesterol (LDL‐C), and
low concentration of high‐density lipoprotein
cholesterol (HDL‐C), is important risk factor in
coronary diseases (3). Low levels of HDL‐C and high
level of non‐HDL‐C are profile of atherogenic lipid
phenotypes that are main risk factors for
atherosclerosis (4, 5). Increment of free radicals
production in endothelium of arteries is another

action of dyslipidemia that intensifies atherosclerosis
progression (6). Based on recent findings, there is a
strong association between plasma levels of
oxidative stress and atherogenic lipoproteins (7).
One of the most important toxic effects of reactive
oxygen specious (ROS), is the production of oxidize
low‐density lipoprotein (oxLDL) (8). It is noteworthy
that oxLDL contributes to prompt lipid deposition
and inflammatory response within blood vessels wall
(9). Increment of oxLDL and other dyslipidemia‐
related factors activate lectin‐like low density
lipoprotein (LOX‐1) receptor that has important role in
coronary artery disease in chronic hyperlipidemic
conditions (8). Upregulation of this receptor
is involved in initiation and progression of athero‐
sclerosis and its related complications like heart attacks
(10). Finally, LOX‐1 receptor overexpression induces
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endothelial dysfunction and vascular wall
inflammation that progress plaque formation in
arteries wall (11). Therefore, inhibition of LOX‐1
expression may help to prevent from atherosclerosis.
In addition to pharmacological treatment and diet,
exercise is recommended for reduction of risk
factors that involve in coronary vascular disease. In
patient with coronary vascular diseases, exercise
may reduce the mortality rate (12). Exercise is also
important in prevention of atherosclerosis.
Regular exercise not only has important role in
the prevention of atherosclerosis and coronary
vascular disease, but also reduces the size of
previously formed lesions (13). However, in patient
with coronary diseases, 3 months exercise results in
moderate improvement on lipid profile (14).
Changes of lipid profile in response to exercise
depend on modality, intensity, frequency and
duration of each session and how long exercise has
been performed (15). Epidemiological studies show
some beneficial effects of physical activity on the
reduction of CVD in diabetic patients (16). Regular
moderate‐intensity exercise also reduces the rate of
mortality in patients with long‐suffering CVD (17).
The results of a study indicated that the
prevalence of atherosclerosis in people with low
cardiopulmonary fitness is more than individuals
with high cardiopulmonary fitness (18). Also, it is
demonstrated that moderate aerobic exercise
reduced the size of preexisting atherosclerotic
lesions in LDL‐C receptor knockout mice fed with
high fat diet (19). As well, it is shown that exercise
training reduces the severity of atherosclerosis in
apolipoprotein E knockout mice via nitric oxide (20).
In another study, also Okabe et al demonstrated that
swimming exercise reduces the severity of
atherosclerosis in apolipoprotein E deficient mice by
antioxidant effects (21). The results of a meta‐
analysis demonstrated that exercise increases HDL‐C
levels, and there is a dose‐response relationship
between the level of physical activity and serum
HDL‐C concentration (22).
Although the reduction of cardiovascular mortality
and morbidity due to exercise is obvious, the exact
mechanisms that exercise prevents atherosclerosis
lesion formation is unknown. Therefore, in the present
study we examined the beneficial effects of exercise on
CVD through alterations of LOX‐1 receptor expression
and free radicals production in heart of rats fed with
high fat diet.

Materials and Methods

Animals
Male Wistar rats (200±20 g) were purchased from
pasture institute laboratory. Rats were kept under
observation for one week before the experiment to
be acclimatized with environmental condition.
During the experiment, all animals were kept in
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standard polyester cage (2 rats in each cage) in a
room with standard temperature (22±2 °C) and
humidity (%55±5) with 12 hr light/dark cycle and
free access to water and food. All protocols of the
study were approved by the institutional animal
ethics committee of Baqiyatallah University of
Medical Sciences, which follows the NIH (National
Institutes of Health) guidelines for care and use of
animals.
Experimental groups and design
Rats were randomly divided into four groups
(n=5 per group): Normal rats (Normal) are healthy
animals that remained sedentary, trained normal
rats (Normal&E) are healthy animals that were doing
exercise for 8 weeks, high fat diet rats (HFD) are
animals that remained sedentary and fed with high
fat diet, and trained high fat diet rats (HFD&E) are
animals that were doing exercise for 8 weeks and fed
with high fat diet.
High fat diet was prepared by adding 2%
cholesterol powder (Merck, Germany), 0.5% colic
acid powder (Merck, Germany) and 10% animal oil
to standard rodent chow (23).
Exercise protocol
In the present study, we used endurance swimming
as a model of exercise intervention. The training
included daily moderate intensity of swimming in 8
weeks, which could induce cardiac hypertrophy (24).
The rats in training groups were performing swimming
for 1 hr in the morning in a rubber swimming tank with
dimension of 55×100×60 cm. The water depth was
enough to prevent from resting and eliminate bobbing
behavior. The tank filled with tap water that was
sufficient for 6 rats to swim, simultaneously. Water
temperature was fixed at 32±2 °C to prevent from
hypothermia. The exercise program in first week of
training was begun with acclimatization to water and
swimming bath. In first day, rats swam for 10 min.
Then, duration of training was added daily 10 min until
each rat could swim continuously for 60 min. In
subsequent weeks, rats swam daily one hour per day
for five times a week (1 hr/day; 9:00–11:00 AM from
Saturday to Wednesday) (25). The control groups
(Normal and HFD) remained sedentary in the
swimming tank when it was filled with tap water in
depth that animal’s paws reached to the bottom of tank
and its head was out of water. After each session, the
animals were dried and kept in warm place to prevent
from hypothermia stress.
Initial, weekly and final body weights were
determined for all rats by digital scale in a certain day of
week. Weight gain was calculated as percent of initial
weight.
Forty eight hour after last training session, the
rats were sacrificed with an overdose of chloral
hydrate. Blood (5 ml) was draw from heart, and after
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20 min, the blood clot was centrifuged at 4,000× rpm
for 10 min at 4 °C. Heart was removed and after
washing with cold phosphate buffered saline (PBS)
and snap freezing in liquid nitrogen, stored in ‐80 ºC
for evaluation of gene expression and measurement
of NOx and malondialdehyde (MDA) levels.
Assessment
of
serum
concentrations
of
triglyceride, cholesterol, HDL‐C and LDL‐C
Collected blood samples were centrifuged at
10,000×g for 10 min at 4 °C. The supernatant (serum)
was then used to measure the concentration of
triglyceride, cholesterol, LDL‐C, and HDL‐C in serum
by using available commercial kit (Zeistchemy, Iran)
according to the manufacturer’s protocol.
Evaluation of gene expression
Gene expression of LOX‐1 receptor was determined
with mRNA measurement of this gene by semi
quantitative technique of reverse transcriptase‐
polymerase chain reaction (RT‐PCR). Total RNA was
extracted from 50 mg of heart tissue using the RNA
extraction kit (Topagene kavosh, Iran) according
to the manufacturer’s protocol. The quantity
and quality of the extracted RNA samples were
determined by spectrophotometry at 260 and 280 nm.
Complementary DNA (cDNA) was synthesized from 3
μl of total RNA using the Revert Aid First Strand cDNA
Synthesis Kit (BIONEER). Expression of a β‐actin
housekeeping gene was used as a reference for the level
of target gene expression. Two µl of cDNA was
amplified with PCR kit (BIONEER) according to
the manufacturer’s protocol, and appropriate primers
were used for LOX‐1 (Forward: 5’‐TTTAGGACCAGGGGC
GTTTC‐3’, Reverse: 5’‐GGAGATGGACCCAAGTCGTG‐3’)
and β‐actin (Forward: 5’‐CCACACCCGCCACCAGTTCG‐
3’, Reverse: 5’‐CTAGGGCGGCCCACGATGGA‐3’) genes
that were designed by Gene Runner software. The
products of PCR‐amplified samples were visualized on
1.5% agarose gel using ethidium bromide. The gel
images were digitized by using a Gel Doc (Kiagene,
Iran), and the images of the stained sections were
taken.
Evaluation of oxidative and nitrosative stress
The fractions of thawed tissue samples were
weighed and homogenized medium (phosphate buffer,
0.1 mol, pH 7.4) were added to them. After
homogenizing the tissues on ice by electric
homogenizer, samples were centrifuged (20 min at
4 °C and 4000 rpm) and the supernatant (heart
cytosolic extract) was removed and stored in ‐80 °C for
analysis of NOx and MDA levels.
MDA assay
Amount of lipid peroxidation was measured by
assessment of MDA formation using thiobarbituric
acid (TBA) assay. Trichloroacetic acid (2.5 ml, 20%),
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sulfuric acid (2.5 ml, 0.05 Molar) and TBA (3 ml, 0.2
g/dl) were added to cytosolic extract (500 μl), and
vortexed. The mixture was placed in a water bath at
95 °C for 30 min. After cooling in runny water, 2 ml n‐
butanol was added and vigorously vortexed.
Following centrifugation, the absorbance of the
upper orange color phase was determined at 532
nm. Finally, tetraethoxypropane was used to prepare
a standard curve, and results were expressed as
nmol/mg protein.
NOx assay
The NOx in the ‘cytosolic extract’ was measured
by the colorimetric reaction of the Griess reagent. 0.5
ml of cytosolic extract was deproteinized by adding
0.1 ml of zinc sulfate solution and centrifuged for 20
min at 4000 rpm and 4 °C to separate supernatant for
NOx assay. To reduce nitrate to nitrite, 0.1 ml of
supernatant (as sample) or pure water (as blank) or
sodium nitrate (as standard) was mixed with 0.1 ml
vanadium III chloride. 0.05 ml sulfanilamide
(0.01 %) and 0.05 ml N‐[1‐naphthyl] ethylenediamin
dihydrochloride (NED, 0.01 %) were incubated for
30 min in dark place at 37 °C. Finally, the absorbance
of solution was determined at 540 nm. Nitrite
concentration was determined from a standard
curve generated from absorbance of each sodium
nitrate solution (17). Finally, the nitrite‐nitrate levels
were expressed as nmol/mg protein.
Protein content in the cytosolic extract
was determined with Bradford method spectrophoto‐
metrically at 595 nm. Bovine serum albumin was used
as a standard, and the concentration of protein was
expressed as mg/ml. Amount of MDA and NOx in each
sample were normalized to the cytosolic protein
concentration and the results were expressed as
nmol/mg of the cytosolic protein (nmol/mg protein).
Statistical analyses
The results were expressed as the Means±SEM.
All statistical comparisons were performed using
one‐way analysis of variance (ANOVA) and Tukey
test as Post hoc. All states P<0.05 was considered as
significant difference.

Results

Serum concentrations of triglyceride, cholesterol,
LDL‐C and HDL‐C
Serum concentration of triglyceride is shown in
Table 1 in four experimental groups. In normal and
normal trained rats, triglyceride concentration was
99±8 mg/dl and 104±14 mg/dl, respectively. These
data indicate that exercise did not alter this value.
High fat diet in HFD group increased the serum
concentration of triglyceride (136±15 mg/dl), while
exercise same as normal rats did not change this
value in HFD group (135±24 mg/dl).
There were not any significant differences in
serum levels of HDL‐C in four experimental groups.
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Figure 1. The curve shows weight gain of sedentary (normal and
high fat diet (HFD) groups) and exercised rats (normal&E and
HFD&E) after 8 weeks swimming exercise. Values are express as
percentage of weight gaining in proportion weight of first week.
All values are presented as mean±SEM

These data indicate that exercise or high fat diet
could not alter the serum concentration of HDL‐C
(Table 1).
Serum levels of cholesterol and LDL‐C in normal
rats were 74±9 and 47±8 mg/dl, respectively. Exercise
in normal trained rats did not alter these values (97±11
and 42±11 mg/dl). High fat diet significantly increased
the serum levels of cholesterol and LDL‐C in HFD group
compared with normal group, P<0.05 (164±20 and
123±24 mg/dl, respectively). Exercise in HFD group did
not change these values, significantly (197±29 and
181±38 mg/dl, respectively).
Body weight
The weight gain of sedentary (normal and HFD
groups) and exercised rats (normal and E and HFD and
E) during experiment is shown in Figure 1. There was
gradual increment of weight gain in all groups during
experiment without significant difference.
Gene expression of LOX‐1 protein
Figures 2 and 3 show the LOX‐1 gene expression
of heart cells in different groups of our experiment.

Figure 3. The curve shows the density of LOX‐1 mRNA that was
normalized relative to density of β‐actin gene for different groups
All values are presented as Mean±SEM
* Significantly different from normal group (P<0.01)
$ Significantly different from high fat diet group (P<0.05)
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Figure 2. Picture shows the mRNA content of lectin‐like oxidized
low‐density lipoprotein (LOX‐1) receptor in cardiac cells of
different experimental groups. The mRNA bands were formed on
agarose gel (1.5 %) that visualized with ethidiume bromide
staining method. Qualifying assessments indicated that gene
expression of LOX‐1 protein have been increased in high fat diet
group compared other groups

Based on formed bands, the gene of LOX‐1
protein has expressed in heart cells of sedentary
normal rats. Exercise in normal rats significantly
attenuated the gene expression of LOX‐1 receptor
(P<0.05). On the other hands, high fat diet
significantly upregulated the expression of this gene
within the heart cells of sedentary HFD group
(P<0.01). Whereas, swimming exercise significantly
reduced the gene expression of this protein in heart
cells of exercised HFD rats (P<0.05).
Parameters of oxidative and nitrosative stress
Figure 4 shows the MDA content of heart tissue,
as index of oxidative stress, in different experimental
groups. MDA concentration in normal group was
1.56±0.48 nmol/mg protein and exercise did not
change it in normal rats after 8 weeks swimming
(1.42±90.11 nmol/mg protein). High fat diet in HFD
group significantly increased the MDA content of
heart tissue (4.37±0.6 nmol/mg protein, P<0.05).
Training for 8 weeks significantly reduced the MDA
content of heart tissue in rats fed with high fat diet
(2.28±0.32 nmol/mg protein, P<0.01).

Figure 4. Effects of 8 weeks swimming exercise on malondialdehyde
(MDA) content in cardiac tissue. MDA values are indicated as nmol/mg
protein. All values are presented as Mean±SEM
* Significantly different from normal group (P<0.05)
$ Significantly different from high fat diet group (P<0.01)
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Table 1. Representative changes of blood triglyceride, cholesterol, LDL and HDL (mg/dl) in sedentary (normal and HFD groups) and
Cholesterol
Triglyceride
(mg/dl)
(mg/dl)
Normal
99± 8
74±9
Normal & E
104± 14
97± 11
HFD
136±15
164±20*
HFD&E
135±24
197±29**
exercised groups (normal & E and high fat diet & E) after 8 weeks swimming exercise
Groups

LDL
(mg/dl)
47±8
53 ±6
123±24*
181±38*

HDL
(mg/dl)
10±1
8±1
9±2
13±2

All values are presented as mean±SEM
* Significant difference from normal group (P<0.05)
** Significant difference from normal group (P<0.01)

Figure 5. Effects of 8 weeks swimming exercise on NOx (nitrite
and nitrate) content in cardiac tissue. NOx values are indicated as
nmol/mg protein. All values are presented as mean±SEM

Total NOx content (nitrite and nitrate) of heart
cells in normal rats was 5.15±0.43 nmol/mg protein.
Swimming did not change the NOx content of normal
trained rats after 8 weeks exercising (5.30±0.93
nmol/mg protein). However, HFD decreases NOx
content of heart tissue (3.5±1.24 nmol/mg protein).
Swimming for 8 weeks prevents this reduction in
trained rats fed with HFD. However, these alterations
are not statistically significant (Figure 5).

Discussion

Recent studies have shown that overexpression of
LOX‐1 receptor plays an important role in pathogenesis
of atherosclerosis (8, 26). This receptor causes
oxidative stress and inflammatory responses in
vascular wall by activating several intracellular
signaling pathways that involve in most cardiovascular
complications of dyslipidemic situations (8). In the
present study, we showed some beneficial effects of
swimming exercise on dyslipidemic condition via
inhibition of LOX‐1 receptor. The findings of our study
indicated that swimming exercise attenuated the gene
expression of LOX‐1 receptor in situation of high blood
cholesterol and LDL‐C (Figures 2, 3). On the other
hands, this type of exercise decreased the parameters of
oxidative stress in heart tissue following dyslipidemic
condition (Figure 4). Based on our findings, it is
concluded that swimming exercise is able to reduce
oxidative stress of heart tissue possibly via reduction
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of LOX‐1 receptor expression. These beneficial
actions of exercise will be useful to prevent
atherosclerosis in risky states such as dyslipidemic
conditions.
LOX‐1 receptor has a pivot role in all stages of
atherosclerosis development (beginning, progression
and interruption of atherosclerotic plaques) (27). This
receptor is upregulated in different pathological
situations (8). Chen et al demonstrated that high
cholesterol diet in rabbit induced the overexpression of
LOX‐1 receptor in aorta (28). Oxidative stress is
another factor that induces the overexpression of this
receptor in vessel walls (29). Overexpression of
LOX‐1 receptor cause endothelial dysfunction,
vascular inflammation and plaque formation (11).
Therefore, inhibition of this receptor will prevent
atherosclerosis development. Dyslipidemia and
oxidative stress are key factors in induction and
development of atherosclerosis (6). In the present
study, we showed that the LOX‐1 receptor was
overexpressed in normal rats fed with high fat diet
(Figures 2, 3). On the other hands, the concentration
of MDA, as index of ROS, was significantly increased
in heart of these rats (Figure 4). Upregulation of LOX‐
1 receptor activates NADPH‐oxidase enzyme in cell
membrane, which produces ROS (8). This enzyme
is the main source of ROS production in different
pathological situations like atherosclerosis (30).
Also, there is a positive feed‐back between oxidative
stress and LOX‐1 receptor activation. Oxidative
stress augments the expression of LOX‐1 receptor,
and overexpression of this receptor increases the
concentration of tissue ROS (6). Szostak and Laurant
demonstrated that physical inactivity can induce
NADPH‐oxidase that enhances ROS production (31).
Therefore, based on results of this study, it is
suggested that dyslipidemia has stimulated the
overexpression of LOX‐1 receptor accompanied with
oxidative stress in heart tissue.
In the present study, swimming exercise for 8
weeks did not significantly change the lipid profile of
HFD group, which had been altered after feeding
with high fat diet (Table 1). Thomas et al
showed that treadmill exercise 5 days per week for
16 to 20 weeks has no effect on atherogenic
lipoprotein profile in swine fed with high fat diet
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(24). Exercise can reduce hyperlipidemia and
hypercholesterolemia when it accompanied with diet
limitations (32). However, in our study the rats
exercised without any diet limitation. Also, the
authors believed that the rats of HFD and E group
(the rats taking high fat diet and doing exercise) may
have used extra food (High fat diet) because of
exercise and more energy consumption.
The
response of the lipid profile to exercise or training
program is dependent on the mode of exercise, its
intensity and frequency, duration of each session and
the duration of training (33). These findings are in
agreement with our results that swimming exercise
did not reduce blood cholesterol and LDL‐C
concentrations.
In the present study, swimming exercise
attenuated the gene expression of LOX‐1 receptor of
HFD group in hyperlipidemic condition (Figures 2
and 3). This reduction is maybe due to the reduction
of oxygen radicals (Figure 4). Based on previous
findings, ROS can induce LOX‐1 gene expression in
diabetic and dyslipidemic conditions (8). Since in our
study, exercise decreased the ROS content of heart
tissue (MDA content), perhaps the reduction of these
free radicals is the main reason in reducing the level
of LOX‐1 gene expression. Regular exercise reduces
the tissue oxidative stress by different mechanisms.
The Karabulut et al indicated that regular exercise
intensify antioxidant defense system by increasing
superoxide dismutase enzyme expression and
activity (34). Wang et al demonstrated that 4 weeks
walking exercise with moderate intensity in
overweight or obese individual could prevent from
oxidation of LDL and formation of oxLDL (35). Also,
regular exercise diminishes the activity and content
of NADPH‐oxidase enzyme (31). LOX‐1 receptor
itself stimulates ROS production via NADPH‐oxidase
activation that reduction of this receptor could
reduce heart oxidative stress (8). Finally, we suggest
other probable mechanisms that exercise can reduce
LOX‐1 receptor by them that need to discover by new
research.
Hypercholesterolemia leads to impairment in
aerobic capacity, and this impairment happens due
to reduction in NO bioavailability that reduces
endothelium‐dependent relaxation (36). On the
other hands, NO is the main factor in cardiovascular
health, and its deficiency is the earliest sign of
atherosclerosis (31). Based on recent findings,
endothelial NO synthase (eNOS) content and activity
has reduced by the induction of LOX‐1 receptor (8).
In this study, high‐fat diet considerably decreased
NOx content (nitrite and nitrate) of heart tissue, as
index of NO metabolites (Figure 5). Induction of LOX‐
1 receptor and reduction of eNOS enzyme could be
one reason of this reduction. Also based on previous
studies, negative correlation exists between NO
content and MDA levels (as index of oxygen free
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radicals) in cardiac cell (37). It is clear that NO
combines with oxygen free radicals, especially
superoxide anion and forms very poisonous
compound. This reaction can diminish NO
bioavailability that is harmful for health of heart
function (38). However, in exercised rats that fed
with high fat diet, the content of NO in heart was
same as normal rats (Figure 5). This event can
happen by several reasons. First, the expression of
LOX‐1 receptor gene has been reduced by exercise
(Figures 2, 3), which restores eNOS activity. Second,
exercise has decreased the heart ROS content, which
has enhanced NO bioavailability (Figure 4). Third,
regular exercise increases NO bioavailability by
induction of eNOS expression (31). Thompson et al
showed that exercise increases endothelium
dependent dilation in coronary artery in patient with
coronary diseases (39). Therefore, these findings
confirm that physical activity improves endothelial
function via increasing eNOS activity and NO
bioavailability.

Conclusion

Based on our findings, swimming exercise can
diminish heart expression of LOX‐1 receptor in
accompany with reduction of oxidative stress without
any lipid profile alterations. It is appeared that
reduction of LOX‐1 receptor expression by exercise is
the main mechanism of heart oxidative stress reduction
and improving vascular function by NO increment
during hyperlipidemic situation. Since the LOX‐1 and
oxygen free radicals are important in generation of
dyslipidemia complications, swimming exercise is a
good candidate to reduce these variables.
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