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Although exercise training has been utilized to improve vascular function in animals and humans, the
impact of moderate intensity exercise training on fibrinolytic activities and nitric oxide (NO) bioavail-
ability has not been well documented. Therefore, the purpose of the current study was to examine
the impact of moderate intensity aerobic exercise training on fat mass, blood lipid profiles, fibrinolytic
activity, and NO levels in high-fat-diet induced rats. The body weight, fat mass, blood lipid profiles,
fibrinolytic activity, and nitrite/nitrate were measured pre- and postexercise (10 weeks) training. The
body weight and fat mass reduced significantly in the exercise (EX) group compared to the control
(CON) group. Blood lipid profiles and low-density lipoprotein were unchanged in the EX group com-
pared to the CON group. However, triglyceride and free fatty acid were significantly lower in the
EX group compared to the CON group, and high-density lipoprotein was significantly greater in the
EX group compared to the CON group. In addition, fibrinolytic activity and nitrite/nitrate were sig-
nificantly greater in the EX compared to the CON group. These results suggest that 10 weeks of the
moderated intensity aerobic exercise training improves blood lipid profiles, fibrinolytic activity, and
the nitrite/nitrate ratio, which may improve vascular health and reduce obesity-related cardiovascular

disease risks in high-fat- diet induced rats.
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Introduction

Obesity has been known as a high risk factor of car-
diovascular disease [27], and defined as disorder of energy
imbalance which is highly dependent upon variations in
both dietary energy intake and energy expenditure [3].
Research suggested that obesity is the major risk factor of
metabolic syndrome such as the diabetes, hypertension and
dyslipidemia and coronary arterial diseases [12].

A person with obesity has elevated total cholesterol (TC),
triglyceride (TG), and low density lipoprotein cholesterol
(LDL-C) but lower high density lipoprotein cholesterol (HDL-
C) [35] and these altered lipid profiles are associated with
increased risks of thrombosis and cardiovascular disease [18].
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Blood lipid profiles, fat mass, fibrinolytic activity, nitric oxide

In human body, blood coagulation and anticoagulation
is relatively well balanced but in general anticoagulation
suppresses coagulation for normal circulation of blood [38].
However, damage on the endothelial layer in the blood ves-
sels which is mainly derived from increased triglyceride and
fibrinogen level results from high fat diet, stress, lack of ex-
ercise may cause a formation of thrombosis [47].

Endothelial dysfunction is a common phenomenon in
obese individuals which is characterized by an imbalance
between Nitric Oxide (NO) and Endothelin-1 (ET-1) [10, 15, 44].

NO is soluble gas has half-life of 3~6 sec, and consistently
synthesized by a series of reaction in L-arginine, and NO
synthase (NOS) dependent enzyme calcium - calmodulinein
endothelial cell. Vascular endothelial cell plays an important
role in the regulation of vascular function, specifically, endo-
thelial mediated vasodilation by producing vasoactive sub-
stances NO [36].

Exercise has been known as a non-pharmacological meth-
od for reducing and preventing cardiovascular risk factors.
Additionally, regular exercise has positive effects on improv-
ing blood lipid profile and cardiovascular health [23, 33].



Furthermore, it has been well documented that regular prac-
tices of planned exercise improves blood lipid profiles [43],
fibrinolytic activities [42], and nitric oxide level [31].
Although the impact of exercise on blood lipid profiles
has been studies in last decade, there are only limited data
are available for the effect of aerobic exercise on fibrinolytic
activities and nitric oxide production. Therefore, the purpose
of this study is to investigate the effects of aerobic exercise
on blood fibrinolytic activities, nitric oxide levels and blood

lipid profiles in rats.

Materials and Methods

Animals

All experiments were performed in accordance with pro-
tocols approved by the Institutional Animal Care and Use
Committee (IACUC) of the Pusan national University (PNU-
2012-0082). Sixteen male Sprague Dawley at 3 weeks of age
were purchased from Hyochang Science Co, Daegu, Korea.
Rats were housed at 22°C with a 12 hr light, 12 hr dark
cycle. Rats were separated into two groups: control group
(n=8) and exercise group (n=8). (Table 1). The animals were
fed either standard diet or high fat diet for 10 weeks.

Aerobic training

Four week old rats were performed aerobic training as
described previously [7]. Briefly, exercise group performed
an exercise intensity at 55% of VOamax (14-15m/min) for
30min for the first week. For week 2 and 3, an exercise in-
tensity at 50-60% of VOnmax (15-16m/min) for 35min was
utilized. In the week 4, a exercise intensity at 50-60% of
VOomax (16-17m/min) for 40min was performed. Control
group was on the treadmill with only noise and shakes to

mimic the same condition of the exercise group.

Fat weight
Fat mass was measured using epididymal fat after dis-

Table 1. Physical characteristics of experimental rats

Grou Age Body weight(g)
P (weeks) 4 weeks 10 weeks 14 weeks
~ 79.06 265.25 302.04
Am=8) 14 +5.86 33,14 +44.67
~ 78.81 263.13 312.14
B(n=8) 14 571 +19.51 2838

Values are M£SD
A: exercise group, B: control group
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Table 2. Composition of the high fat diet
High fat diet (45cal%)

Ingredient
&
Casein (from milk) 200
Corn starch 155.036
Sucrose 50
Dextrose 132
Cellulose 50
Soybean oil 25
Lard 175
Mineral mixture 35
Vitamin mixture 10
TBHQ 0.014
L-Cystine 3
Choline bitartrate 25
Total 837.6

sected and cleansed in the phosphate buffered saline (PBS).

Blood lipid profile

TC, TG, HDL-C and LDL-C were measured using spec-
trophotometric methods with chemistry analyzer (TBA-
80FR, Toshiba, Japan).

Fibrinolytic activity

Fibrinolytic activity was determined using the fibrin plate
method [4]. Briefly, in the petri dish, 10 ml of 0.6% plasmi-
nogen-rich fibrinogen (Sigma, St. Louis, MO, USA) solution
in 10 mM phosphate buffered saline (pH 7.8) was mixed
with an equal volume of 2% agarose solution and 0.1 ml
of thrombin solution (100 NIH units/ml; Sigma). The petri
dish was left to stand at room temperature for 30 min to
allow a fibrin clot layer to be formed. 50 ul of ME of oil
was dropped into a hole on the plate that was made with
a Pasteur pipette. The plate was incubated at 37C for 24
hr. Fibrinolytic activity of sample was calculated based on
the plasmin activity. The size of the clear zone formed by
the sample was compared with the area created by 0.5 U/ml

of plasmin. The activity was expressed as gram.

Nitric oxide

NO has an extremely short half-life and is rapidly oxi-
dized to nitrite and nitrate in the presence of oxygen. Hence,
one of the most common methods used to assess NO pro-
duction is to measure total nitrite/nitrate concentration us-
ing griess reagent. In the present study, we utilized a griess
assay kit from Cayman Chemical (Ann Arbor, MI, USA).
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Sodium nitroprusside (SNP) was utilized as a NO donor.
Samples containing SNP (200 uM) and various concen-
trations of MHY-794 were loaded into the wells of a 96-well
transparent microplate. After adding the enzyme cofactor
mixture and nitrate reductase mixture, the plate was in-
cubated at room temperature for 1 hr, and then 50 pul of
a 1% solution of sulfanilamide in 5% phosphoric acid and
50 ul of a 0.1% solution of N-(1-napthyl) ethylene-diamine
in HyO were added to each well. The amount of nitrite/ni-
trate produced in the reaction mixture was determined spec-
trophotometrically at 540 nm (OD540) using a microplate
reader [14].

Data analysis

Data are presented as mean * SD. Statistical analyses were
performed with independent t-test by SPSS 20.0 version soft-
ware (SPSS Science, Chicago, IL, USA) analysis. Data (meant
SD) was considered statistically significant at a value of
p<0.05.

Results and Discussion

Fat weight

Fat weight was lower in exercise group compared to con-
trol group (p<0.01; Fig. 1).

Obesity is defined as a pre-disease condition which results
from excessive body fat accumulation due to the energy in-
take that exceeds the energy requirement of the body, and
it is a critical risk factor for various diseases. A large quantity
of fat accumulation which refers to the increased number
and size of adipocytes. Additionally, this increased size of
adipocytes may cause dysfunction of adipocytes such as
over production of inflammatory cytokines and adipokines
[32]. However, aerobic exercise training reduces expression
of genes related to lipogenesis, thus inhibiting lipid accumu-
lation in tissues [8].

Previous studies suggested that obesity-induced rats were
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Fig. 1. Change in fat weight after 4 weeks treadmill exercise.
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subjected to treadmill running, 30 min/day, 5 times a week,
for 8 weeks, and the fat mass were decreased significantly
[45]. In the present study, we could not measure the size
of adipose tissues but EX had significantly lower fat mass
than that of the control group; this maybe the consequence
of the increased energy expenditure which results from the
increased physical activity by the aerobic exercise training.

Blood lipid profile

TC and TG were lower in exercise group compared to
control group (p<0.05). However, HDL-C was greater in ex-
ercise group compared to control group (p<0.05; Fig. 2).

Obesity is accompanied with elevation of body fat, TG,
and LDL-C, and reduction of lean mass and HDL-C, result-
ing in artery diseases, including atherosclerosis and hyper-
lipidemia [9, 15]. However, it was reported that medium in-
tensity aerobic exercise regulates lipid metabolism by re-
ducing levels of plasma triglycerides and free fatty acids and
increasing HDL-C levels, thus having a preventative effect
against cardiovascular disease [2, 40].

TC is a useful indicator for cardiovascular diseases be-
cause it exists in all cells and helps in maintaining cholester-
ol homeostasis [1]. Previous studies reported that obesity-in-
duced rats were subjected to treadmill exercises 60 min per
day, speed at 8-15 m/min, 5 times a week, for 6 weeks, fat
mass significantly lower [34]. These previous studies are
well aligned with our findings, the exercise group had sig-
nificantly lower TC than that of the control group; which
is considered to be due to the increased catabolism of choles-

terol in the body by exercise training.
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Fig. 2. Change in blood profile after 4 weeks treadmill exercise.



Although TG is mostly affected by diets, exercise training
reduces it by 20-60% [41]. Previous studies reported that obe-
sity-induced rats were trained for treadmill exercises 60 min
per day, speed at 5-15 m/min, 6 times a week, for 6 weeks
and TG significantly lower [29]. Our findings further confirm
the previous findings, the EX had significantly lower TG
than that of the control group. This finding can be explained
by increased lipolysis during exercise. Additionally, we uti-
lized moderate exercise intensity which has been known as
a useful exercise intensity to increase lipolysis but does not
occur any adverse effects on cardiovascular system [13].

HDL-C has been known as a good cholesterol which in-
hibits accumulation of body cholesterol and removes choles-
terol buildup in arteries. Additionally, it is considered as a
preventive factor for atherosclerotic disease or an anti-cho-
lesterol factor [21]. Previous studies reported that SD rats
were subjected to treadmill exercises 25~30 min/day, 5 times
a week, for 2 weeks, HDL-C significantly higher [6] and
Similar to these previous studies, the present study found
that the EX had significantly higher HDL-C than that of the
control group. This finding can be explained by increased
lipoprotein lipase activity (LPLA) in the plasma activated
by aerobic exercise, increasing the conversion ratio from cho-
lesterol to chylomicron, and from VLDL and LDL to HDL;
furthermore, total and hepatic triglyceride lipase activity
(HTGLA) increased by exercise which reduces catabolism of
HDL [16].

Increased LDL-C has been known as a risk factor for hy-
perlipidemia and atherosclerosis. Also, LDL-C is a trans-
porter for cholesterol to peripheral tissues [5]. Many studies
suggested that moderate exercise intensity training reduces
LDL-C level in the blood [19]. Interestingly, the present
study identified that LDL-C was not significantly difference
between EX and CON which can be supported by Lee et
al [30] which suggested that the moderate intensity of aero-
bic exercise may positively affect LDL-C but it does not al-
ways reduced, and further suggested that the LDL-C level
is the least sensitive markers of exercise induced improved

lipid metabolism in rats.

Fibrinolytic activity

Fibrinolytic activity was greater in exercise group com-
pared to control group (p<0.01; Fig. 3).

Blood fibrinogen level can be elevated by stress, lack of
exercise, and an increased in blood cholesterols or trigly-

cerides as a result of increased fat intake [24]. Once blood
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Fig. 3. Change in fibrinolytic activity after 4 weeks treadmill
exercise.
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fibrinogens promote to thrombosis, the thrombi flow in the
blood and block capillaries, and then results in the various
arterial occlusive diseases, including myocardial infarction
and ischemia [20].

It has been suggested that exercise training reduces levels
of platelets and fibrinogens for blood coagulation, and pos-
itively affects elevation of anticoagulation components [47].
Elevated levels of fibrinolysis, degradation of fibrins and an-
ticoagulation processes, was elevated in people with high
aerobic fitness levels compared to people without regular
exercise [11]. The exact mechanism responsible for this ele-
vated level of fibriolysis results from exercise training has
not been well understood, but the increased shear stress dur-
ing exercise stimulates mechanoreceptors on the endothelial
cell and produces NO which may trigger the activity of fi-
brinolytic activity [26].

Previous human studies reported post- menopausal wom-
en were subjected to aerobic exercises of intensity 50-70%
HRR and resistance training intensity of 1RM 40-60%, 90
min/day, 4 times a week, for 12 weeks, fibrinolytic activity
significantly increased [26]. Similar to these previous human
studies, the present study also identified that the exercise
group had significantly greater fibrinolytic activity than that
of the control group. This finding confirmed that moderated
intensity of aerobic exercise training increases fibrinolytic

activity.

Nitric oxide

Nitric oxide was greater in exercise group compared to
control group (p<0.01; Fig. 4)

Nitric oxide (NO) is a soluble gas with a 3-6 sec half-life
[36] and is a potent vasodilation compound that is isolated
in the conversion process from L-arginine to citrulline by
activation of NOS (nitric oxide synthase) in a Ca”*dependent
manner with in vascular endothelial cells [37]. It plays im-

portant role in functional and structural development of an-
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Fig. 4. Change in NO after 4 weeks treadmill exercise.

ti-inflammation and anti-thrombosis [28].

It has been reported that vascular endothelial dysfunction
is an initial stage of atherosclerotic vascular changes and is
mostly affected by reduction of NO bioavailability [48] and
eNOS was remarkably decreased in rats fed a high fat diet
[25]. However, aerobic exercise increases cardiac output and
blood flow, which escalated the shear stress load on vascular
walls, resulting in increased NO concentration.

Our previous study revealed that fisher rats were sub-
jected to treadmill exercises 30~60 min/day, speed at 8~20
m/min (grade 10%), for 8 weeks, and the level of nitric oxide
was significantly higher [22]. In the present study, the ex-
ercise group showed significantly greater NO markers than
that of the control group. This might be due to the increased
frequency to expose to increased shear stress induced by ex-
ercise training. This increased shear stress during exercise
may increase NO production in the endothelial cells which
is mediated by exercise induced elevated calcium handling
capacity in the vasculature includes both endothelial and
smooth muscle cells. This explanation has not been fully un-
derstood and warrants further investigations.

This present study demonstrated that the impact of mod-
erate intensity of aerobic exercise on fat mass, blood fi-
brinolytic activity, lipid profiles, and NO levels and we con-
firmed that exercise training improves these cardiovascular
risk factors which likely suggest that exercise training is a
useful non-pharmacological method to improve car-

diovascular health.
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