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Abstract
Introduction: Angiogenesis in adipose tissue plays an important role in the
development or reduction of this tissue. Since exercise is essential in
preventing obesity, the purpose of the present study was to investigate the
effects of high intensity interval training (HIIT) and moderate intensity
continues training (MICT) on platelet derived growth factor (PDGF) gene
expression in visceral and subcutaneous adipose tissues in male Wistar rats.
Methods: In this experimental study, 24 male Wistar rats with 250-350 gram
body masses were selected. As the study sample, the rats were divided into
four groups: (1) basal control, (2) 8 weeks control, (3) MICT and (4) HIIT.
Training program consisted of 8 weeks and 5 days per week running of
MICT (15 to 30 m/min for 15 to 60 minutes) or HIIT (4 to 8 single-minute
intervals of intense activity at a speed of 28-55 m/min and one-minute
intervals of mild activity at a speed of 12-30 m/min). Adipose tissue samples
were removed 48 hours after the last training session and PDGF gene
expression was measured by Real-Time PCR methods. Kruskal-Wallis, one
way ANOVA and Tukey post hoc tests were used to analyze the results at
the significance level of 0.05.
Results: Results indicated that rats’ weight of control group significantly
increased (P= 0.001), but in HIIT (P = 0.34) and MICT (P = 0.22) groups,
physical training prevented weight gain. In addition, there were significant
effects neither subcutaneous (P = 0.38) nor visceral (P = 0.38) adipose
tissues by HIIT and MICT on PDGF gene expression. However, both types
of exercise activities, especially the HIIT exercise, increased the PDGF gene
expression about 2.5 to 3 times in both adipose tissues.
Conclusion: It seems that the HIIT and MICT for 8 weeks do not have
significant effects on PDGF gene expression in subcutaneous and visceral
adipose tissues, although further studies are needed to clarify the issue.
Keywords: Training, Platelet-Derived Growth Factor, Adipose Tissue

Introduction
Adipose tissue in mammals is considered as a
storage site of excess calories in the form of
triglyceride, and is also an important endocrine
organ that controls homeostasis of the whole
body metabolism (1). A unique feature of
adipose tissue is the ability to increase or
decrease significantly the volume and size of
cells. The development of adipose tissue is the
result of an increase in the size of adipose
cells, as well as the differentiation of
progenitor cells to become new fat cells (1).

Similar to all other tissues, changes in the
adipose tissue mass should be associated with
parallel changes in vascular circulation (1- 3).
A sufficient supply of blood vessels to supply
food and oxygen to all cells in the tissue and
remove production waste is required, since it
allows the tissue to create a functional
interaction with other organs through the
production of hormones and growth factors. In
the case of adipose tissue, inadequate supply
of blood vessels can cause triglyceride storage
impairment by preventing access to circulating
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blood
lipoproteins
under
nutritional
conditions, and also prevent the delivery of
sufficient fuel to other organs in the fasting
period (1). Angiogenesis is the process of
creating new blood vessels from the vascular
system available. Changes in angiogenesis can
potentially disrupt the development of adipose
tissue, thus providing a novel therapeutic
approach to the treatment and prevention of
obesity (2). So far, few studies have looked at
angiogenesis in adipose tissue. In some
studies, it has been argued that the adipose
tissue remodeling (4) and other tissues (5, 6)
depend on angiogenesis. In a study, Rupnick et
al. (2002), suggesting the growth of tissues
being dependent on their neovascularization,
gave obese mice an anti-angiogenic drug and
observed that this treatment led to a dosedependent reversal of weight loss and reduced
fat mass (4). In this study, the apparent
vascular remodeling in adipose tissue was
observed
with
decreasing
endothelial
proliferation and increased programmed death
(apoptosis) in treated mice compared to
control group. Therefore, the researchers
found that the fat tissue mass is sensitive to
angiogenesis inhibitors and can be controlled
by the vessels (4). Under normal physiological
conditions of the body, angiogenesis is closely
monitored by two types of angiogenic and
angiostatic agents (7, 8). Up to the present,
more than 30 factors have been identified to
stimulate and stop angiogenesis. Among the
stimulating agents, vascular endothelial
growth factor (VEGF), VEGF receptor
(VEGFR) and platelet derived growth factor
(PDGF) are more important and studied (9).
Platelet-derived growth factors (PDGFs) are
associated
with
the
formation
and
strengthening of vessels. PDGFs include a
family of mitogenic transplantation cells, such
as smooth muscle cells, fibroblasts, and glial
cells, which increase collagen production and
control angiogenesis (7, 9). In the early stages
of neovascularization and angiogenesis,
factors such as fibroblast growth factor
(FGF2) and VEGF play a start-up role and, by
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connecting with their own receptors, can
promote the process of angiogenesis. As the
process of the angiogenesis progresses in its
final stages, when the blood vessels and
circulatory system develop and mature, the
role of PDGF becomes more pronounced.
Recent studies have shown that PDGF is
involved in stimulating angiogenesis when
increasing the size of adipose tissue (10).
Therefore, it seems that the evaluation of
PDGF response is helpful in determining the
fate of angiogenesis and in general, the
circulation system compatibility (7, 9). Review
of literature suggests that few studies have
investigated the effect of exercise on the
angiogenesis of adipose tissue (11, 12). In
several studies, most often the role of VEGF in
both visceral and subcutaneous adipose tissue
in rats has been investigated (12-14), and only
in one study, the effect of 6-week endurance
training on PDGF in subcutaneous adipose
tissue was investigated (14). Besides, visceral
fat seems to be more active in comparison
with subcutaneous fat in the metabolic rate
(12). On the contrary, exercise activity has
been shown to have a greater impact on
adipokines and angiogenesis agents produced
from subcutaneous adipose tissue than visceral
fat (15). Recent studies have suggested that
various models of sports exercises as a
physiological stress can affect the regulation
of angiogenesis of adipose tissue (12, 14), as
Ramose et al. (2015) in an analytical overview
to compare the effect of HIIT and MICT on
vascular function concluded that HIIT
exercises had a greater effect on vascular
function (16). Considering the beneficial
effects of high intensity interval training on
adipose tissue, determining angiogenic and
angiostatic responses of adipose tissue to these
types of exercises and comparing them with
continued exercises can help to understand the
mechanisms of these training patterns in
reducing obesity and related diseases. If
exercise and specific physical activity patterns
can be effective in stimulating or inhibiting
angiogenesis, they can act as a non-
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pharmacological new regulatory approach to
fatty tissue growth. In this regard, the purpose
of this study is to investigate the effect of
exercise with different intensity on the
expression of PDGF in visceral and
subcutaneous adipose tissue of rats.

Methods
In this experimental study, 24 Wistar healthy
male rats weighing 250-300 grams was
selected. After two weeks of familiarity with
the laboratory environment, they were divided
into four groups including: basal control group
(n = 6), control of 8 weeks (n = 6), HIIT (n =
6) and MICT (n = 6). Additionally, in this
study, the ethical principles were followed in
accordance with the principles of working
with laboratory animals at Baqiyatallah
University of Medical Sciences, and with the
Code of Ethics Committee ES-124-94. The
rats were kept under control in laboratory
conditions (mean temperature of 22 ± 3 ° C,
darkness cycle 12:12 hours) and had free
access to water and food. Basal control group
was sacrificed at the beginning of the study
and their subcutaneous and visceral fat tissue
was taken. 8 weeks control group alongside
the experimental groups was kept without
participation in any training program for eight
weeks. In order to familiarize the rats in the
training groups with treadmill and to reduce
the stress caused by this, the rats participated
in a training program for 6 sessions in two
weeks at a low speed (10-20 m / min) and ten
minutes duration. The training program was
designed and implemented in experimental
groups with running on treadmill for eight
weeks and five sessions per week in
accordance with the principles of practice and
derived from the previous studies (17, 18). The
training protocol in the MICT group included
running at speeds of 15 to 30 m/min
(equivalent to 50 to 75% of maximal oxygen
consumption) and for 15 to 60 minutes. The
HIIT training protocol consisted of 4 to 8
single-minute intervals of intense activity at a
speed of 28-55 m/min (approximately 70 to

100% of maximum oxygen consumption), and
one-minute intervals of mild activity at a speed
of 12-30 m /min (approximately 50-70% of the
maximum oxygen consumption). The program
was warmed up and cooled for 5 and 3
minutes, respectively, at the beginning and end
of the training program. 48 hours after the last
training session and after 12 hours of fasting,
the rats were anesthetized by intraperitoneal
injection using xylazine (10 mg/kg) and
ketamine (100 mg/kg) anesthetics and
subcutaneous and visceral (intra-abdominal)
adipose tissues were extracted. Then, after
being washed with normal cold saline, tissues
were immediately frozen in liquid nitrogen
and stored for molecular cellular experiments
in a -80 ° C freezer. The level of PDGF gene
expression was measured by Real-time RTPCR. In this method, after extracting the
whole RNA using trisol, the purity of the RNA
was measured by spectrophotometer (WPA
Biowave II, UK). The cDNA was made in two
steps using a kit (Fermentase, GmBH,
Germany). Polymerase chain reaction (PCR)
was performed using LifeTechnologies, USA
and the SYBER® Green I PCR Master Mix
kit. Primer sequences were prepared from the
National
Center
for
Bioinformatics
Information (NCBI) database, and then PDGF
gene primers were designed using preprimer,
primer 3 and oligo online programs. In this
study, the GAPDH gene was also measured as
a reference. The characteristics of the primers
used are given in Table 1.
The 2-ΔΔCT method was used to evaluate the
quantitative relative expression of PDGF gene.
Relative fold change in gene expression = 2ΔΔCT

ΔCT = CT target gene – CT reference gene
ΔΔCT = ΔCT test sample – ΔCT Control
sample
Using SPSS 20 software, data were analyzed
at the significance level of 0.05. The normal
distribution of data was checked by the shapiro
wilks test. Non-parametric Kruskal-Wallis
statistical test was used to analyze the results
due to the lack of homogeneity of variances.
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Table1. Characteristics of the primers used to evaluation of PDGF gene.
Primers sequence

primers

F: 5/ - TCTGGGTAGGAGAATCCAAACTT-3/
R: 5/ - ACTTCTGAGTGTTGGGACTGT -3/
F: 5/ - ACACCCGCTCATCAATCTTT -3/
R: 5/ - AGGTCCACGACTCTGTTGCT -3/
Bp: base pair, F: Forward, R: Reverse
The body weight of rats was measured at the
first week and before sacrificed. The weight of
rats was measured in pre-test and post-test and
analyzed by one way ANOVA and Tukey
tests.

Results
The mean and standard deviation of the body
weight of the rats are presented in Table 2 in
the basic and before sacrifice levels. Statistical
analysis with ANOVA and Tukey post-hoc
tests showed that the body weight of the
control group increased significantly after 8
weeks (P = 0.001), but the MICT (P = 0.34)
and HIIT (P = 0.22) has prevented this weight
gain.
The results of Kruskal-Wallis test showed that
8 weeks of MICT and HIIT did not have a
significant effect on PDGF gene expression in
subcutaneous fat tissue (P = 0.38) (Fig. 1).
However, HIIT had a more effect on the
expression of this gene. Also, the KruskalWallis test showed that in visceral adipose
tissue, HIIT and MICT did not have a
significant effect on PDGF gene expression (P
= 0.38) (Fig. 2). Interestingly, in this tissue,
the effect of the HIIT training is greater than
the MICT training, and has led to a greater
increase in the PDGF gene expression.

PDGF
GAPDH

Discussion
The results of this study showed that MICT
and HIIT activity prevented the weight gain of
the rats compared to the control group. In the
present study, although changes in PDGF gene
expression in adipose tissue after 8 weeks of
MICT and HIIT were not statistically
significant, increasing PDGF gene expression
in subcutaneous and visceral adipose tissue
after HIIT was significant. This means that the
HIIT increased about 2.8 and 2.3 times the
expression of the gene in the subcutaneous and
visceral adipose tissue, respectively. So far, in
several studies, the role of various sports
activities has been studied on contributing
proteins in the angiogenesis of skeletal and
serum muscle tissue in human and animal
subjects. In contrast, the effect of exercise on
angiogenesis of adipose tissue has been
studied only in a few limited studies (12-14).
In the only study on the PDGF protein by
Czarkowska et al. (2011), similar to the
findings of the present study, increased
expression of PDGF-A gene in subcutaneous
adipose tissue in rats was seen three hours

Table 2. Body weight of rats in groups before and after 8 weeks
Groups
CO
CO8W
MICT
HIIT
Basic
237.5 ± 6.87
233.4 ± 7.15
234.7 ± 7.64
236.9 ± 8.85
Body
8 weeks
------295.8 ± 8.8 *
241.5 ± 10.3
258.4 ± 11.5
weight (gr)
Data is presented as mean and standard deviation. *: Significant difference compared to baseline
data. CO: base line control group; CO8W: 8 weeks control group; MICT: moderate intensity
continuous training; HIIT: high intensity interval training
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Figure 1. PDGF gene expression of subcutaneous adipose tissue
MICT: moderate intensity continuous training; HIIT: high intensity interval training

Figure 2. PDGF gene expression in visceral adipose tissue
MICT: moderate intensity continuous training; HIIT: high intensity interval training

after the completion of six weeks of endurance
training, however a change in the protein level
of PDGF-A in subcutaneous adipose tissue
was not observed at this time (14). PDGF, as a
strong mitogen in the body, plays an important
role in regulating vital cell activities such as
cell division, angiogenesis, cell proliferation
and cell migration. Therefore, modest changes
in levels of PDGF in the human body have
clinical and physiological significance. In
addition, studies have shown that PDGF is

involved in stimulating angiogenesis when
increasing the size of adipose tissue (10).
Regarding the role of the VEGF gene, Hatano
et al. (2011) reported an increase in the VEGF
gene and its receptor in visceral fat tissue of
male rats after nine weeks of endurance
training (13). In addition, Disanzo and You
(2014) reported that after eight weeks of
endurance training, the level of VEGF-A gene
in the visceral fat tissue of rats was increased,
but no changes in the amount of this gene were
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found in subcutaneous fat tissue (12).
Concerning the metabolic and angiogenic
activity of adipose tissue in different regions
of the body, there are a few yet inconsistent
results. It has been reported in a study that
sports activity is likely to affect levels of
VEGF and lactate metabolism in visceral
adipose tissue, which supports the idea that
visceral fat may be metabolically more potent
than subcutaneous fat (12). On the contrary,
endurance training has been shown to have a
greater effect on adipokines produced from
subcutaneous adipose tissue than visceral fat
(15). For example, performing optional
exercise for four weeks on rotating wheels in
rats significantly increased the expression of
several cytokines (interleukin 6 (IL-6), Tumor
necrosis factor-α (TNF-α) and interleukin-1
receptor antagonist (IL-1 Ra)) in subcutaneous
fat, while no changes in visceral fat tissue
were established. This phenomenon suggests
that subcutaneous fat may play a special role
in the response to the physical exercise (19).
This has also been confirmed in other studies
on adipokines such as IL-18 and visfatin (14).
In addition, diet and body mass index also
affect the angiogenesis of adipose tissue.
Animal studies have shown that diet-induced
obesity increases levels of VEGF-A gene in
the visceral fat tissue (15). In human studies, it
has been shown that obese subjects have lower
levels of VEGF-A gene in abdominal adipose
tissue (20), and in obese subjects with higher
body mass index, VEGF-A release rates have
been lower in adipose tissue (21). Another
issue is that it seems that various mechanisms
and agents stimulate the process of
angiogenesis in different tissues. Recently,
Walton et al. (2015) observed the effect of 12
weeks of cycling in 45 minutes on 26 patients
with insulin resistance. Although this type of
exercise led to an increase in some angiogenic
indexes (Cyclophilin A, Angiopoietin 1
(Angpt1), Angiopoietin 1 (Angpt2), cluster of
differentiation 31 (CD31), Hypoxia-inducible
factor 1-alpha (HIF-1α), Tyrosine kinase with
immunoglobulin-like and EGF-like domains 1
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(TIE1), TIE2, VEGFA) in skeletal muscle
tissue, this training pattern did not change the
angiogenic index of subcutaneous adipose
tissue in the abdominal region (22). The
process of angiogenesis can potentially
accelerate or disrupt the development of
adipose tissue, so this can be considered as a
novel therapeutic method for the prevention
and treatment of obesity (2). The findings
from recent studies report that exercise can
manipulate regulation of angiogenesis in
adipose tissue (12, 14). The optimal
effectiveness of exercise in stimulating or
inhibiting angiogenesis can be considered as a
non-pharmacological strategy for regulating
the growth of adipose tissue. In the adipose
tissue, growth factors including VEGF and
PDGF play an important role. In addition, it
has been reported that there is a significant
correlation between body mass index and
Transforming Growth Factor beta 1 (TGF-β1)
presence and release in subcutaneous fat
tissue. This factor affects the metabolism of fat
cells and potentially inhibits differentiability
of lipid progenitor cells to adipose cells, as
well as adiposeness (14). Among all the
contributing factors in lipid angiogenesis,
VEGF seems to play a more important role.
When the new adipose tissue, adiposeness, is
formed, VEGF increases the angiogenesis in
the tissue. Also, the blockage of the VEGF2
receptor (VEGFR2) limits the formation of
adipose tissue in obesity caused by nutrition
(14). Although several mechanisms increase
the expression of genes involved in
angiogenesis, and many of them are unknown,
it seems that the induction of HIF-1 plays an
important role in activating these genes,
especially VEGF (14). In addition, it has been
shown that factors such as hypoxia and nonhypoxia may be responsible for increasing
HIF-1 in the tissues. Other factors such as free
fatty acids (FFA) and IL-6 may reach the
adipose tissue from other tissues in the
endocrine form and cause angiogenesis (14).
Increasing the size and number of fat cells
without adequate blood flow causes hypoxia in
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the tissue. In the situation of obesity, fat cells
move toward anaerobic metabolism, which
leads to increased lactate production.
Increasing lactate and some other factors
indicate hypoxia in adipose tissue (12, 15). In
rodents, it has been reported that, with obesity
or caloric restriction, lactate levels of visceral
fat are increased and decreased, respectively
(15). Therefore, the lack of oxygen in fat cells
appears to cause chronic inflammation in
adipose tissue during obesity (12, 15).
Interestingly, human studies have shown that
obese people have lower levels of oxygen
consumption in adipose tissue compared with
lean subjects (12). The amount of lactate
produced is reduced by improving the blood
flow to the adipose tissue or increasing the
oxygen consumption by improving the
biogenesis of the fat cells. However, sports
activity in rats has been reported to increase
the blood flow of adipose tissue and, by
increasing the expression of the PGC-1α gene,
adjusts mitochondria biogenesis (12). On the
other hand, a variety of sports activities can
have different effects. Meanwhile, intensity of
exercise is one of the important factors
influencing the response and adaptability of
tissues to exercise. Several studies have
suggested that extreme sports have been able
to produce favorable changes in visceral
adipose tissue (23, 24). In the present study,
MICT and HIIT had a nearly different effect
on angiogenesis, despite the doubling of the
time of MICT compared to HIIT training (15
to 60 minutes versus 7 to 15 minutes). The
significance of this is due to the instructions
from the American College of Exercise
Medicine (ACSM) and the World Health
Organization (WHO) which recommend 150
minutes of moderate intensity or 75 minutes of
intense activity to gain health benefits from
exercise and prevent chronic diseases (25, 26).
In a review analysis article, Ohkawara et al.
(2007), revisiting the findings on the effect of
exercise on visceral fat, indicated that the
intensity of aerobic exercise based on the four
MET was significantly related to the

percentage of visceral fat reduction. It was
also reported that there is a significant
relationship between weight losses and
reduced visceral fat, although visceral fat loss
can occur without weight loss. Accordingly,
the researchers suggested that aerobic exercise
should be about ten MET per week, which
may include fast walking, jogging, and the use
of an ergometer to reduce visceral fat, because
there is a dose-dependent releation between
aerobic exercise and the reduction of visceral
fat in obese people with no metabolic
disorders (24). According to the results of this
research and studies close to the present study,
it can be suggested that the effect of exercise
on the angiogenesis of adipose tissue is more
dependent on the intensity of exercise than it is
related to the duration of exercise. Research in
the field of angiogenesis in adipose tissue,
such as a toddler, is still at the beginning steps,
and the clinical use of regulating and
controlling the angiogenesis of adipose tissue
opens the horizon for future studies in this
area. Performing exercise as one of the main
factors regulating the growth of adipose tissue
and determining the role of different patterns
of exercise with the severity, duration and
frequency of different sessions can play a
pivotal role in understanding the mechanisms
of angiogenesis control and possible clinical
angiogenesis of adipose tissue. As a result,
identification of a suitable sports pattern that
can induce angiogenic or angiostatic changes
in this tissue requires further studies and
achieving this may be able to provide a new
non-pharmacological
approach
in
the
treatment and prevention of obesity.

Conclusion
It seems that the HIIT and MICT for 8 weeks
do not have significant effects on PDGF gene
expression in subcutaneous and visceral
adipose tissues. But there was an increase in
this gene expression especially after HIIT
protocol, although further studies are needed
to clarify the issue.
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