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ABSTRACT

Introduction: Skeletal muscle angiogenesis induced by aerobic exercise training (ET) is crucial in the
improvement of the aerobic capacity. The endothelial progenitor cells (EPC) derived from bone marrow
have been described for promoting both the vascular repair and angiogenesis. Although the role of
the ET on the parameters of the EPC has been investigated, the effect of different volumes of ET on the
EPC function in bone marrow, skeletal muscle metabolic alterations and capillarization are unknown.
Objective: We hypothesized that ET improves the EPC function in bone marrow, accompanied by increase
of skeletal muscle oxidative capacity and angiogenesis dependents of the increase of volume of ET.
Methods: Twenty-one Wistar rats were divided into 3 groups: sedentary control (SC), trained protocol 1
(T1) and trained protocol 2 (T2). T1: swimming training consisted of 60 min, 1x/day/10 weeks, with 5%
body weight load. T2 the same as T1 until 8" week, in the 9" week the rats trained 2x/day and in the
10N week 3x/day. Results: ET promoted resting bradycardia, increase of exercise tolerance, peak oxygen
uptake and citrate synthase enzyme activity in the T1 group, being these adaptive responses exacerbate
in the P2 group, indicating that the aerobic condition was improved in this group. ET improved the EPC
function of the bone marrow in T1, and the response was exacerbated in T2 group. In parallel, increase
in the number of capillaries dependent of ET volume was also observed. Conclusion: These findings
suggest that the bone marrow as the main reservoir of EPC is influenced by different ET volume, possibly
being responsible for the improvement of aerobic performance observed by higher endogenous EPC

INTRODUCTION

Aerobic exercise training (ET) leads to several adaptation res-
ponses in the cardiovascular and skeletal muscular systems. In the
skeletal muscle, improvement in physical performance is associated
with high mitochondrial density, oxidative capacity, improvement
in vascular function as well as angiogenesis. Muscular angiogenesis
is indication of an important adaptation to ET, contributing in an
important way to improvement in aerobic capacity represented by
increase in the transport, conductance and extraction of muscular
oxygen'“. Many factors have been mentioned as important to the
formation process of new blood vessels, where the contribution of
circulating cells has recently become appreciated®.

The discovery of the bone-marrow derived endothelial progeni-
tor cells (EPC) in the peripheral circulation broaden the view of the
angiogenic process, since an accumulation of evidence has shown
that the EPC migrate to the circulation participating both in the
repair process and in the formation of new blood vessels>®. Asahara
et al® were the first ones to isolate and characterize a popula-
tion of CD34+ circulating stem-cells, which could be differentiated
into cells with endothelial cell phenotype, indicating hence, that
the peripheral blood is a reservoir of EPC derived from the bone
marrow and which would present repairing properties. Moreover,
studies have shown that the EPC not only incorporate within the
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mobilization, active participants in the process of angiogenesis induced by ET.
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functional blood vessels originating new vessels, but could also
release a multitude of growth factors, providing paracrine signals
to the adjacent endothelial cells, which facilitate angiogenesis and
indicate additional meaning to which the EPC contribute to the
neovascularization and reendothelization process'®. More recently,
other studies have shown that they increase in number in respon-
se to the tissue ischemia' and participate in the development of
collateral vessels after ex vivo expansion and when transplanted'.

It is known that the EPC number and function are regulated
not only by many growth factors and cytokines in response to the
muscle damage and cardiovascular risk factors, but also to altera-
tions in life style, such as practice of aerobic exercise”.

Recent studies evidenced aerobic ET as responsible for promo-
ting higher release and improving the bone-marrow derived EPC
functional properties both in humans and animals, which contribu-
tes to the improvement of the endothelial function, angiogenesis
and consequently, maintenance of cardiovascular homeostasis'*'°,

Although the ET effect on the EPC parameters has been evi-
denced, studies with alteration in the ET volume on the EPC and
the capillarization have not been found yet. Therefore, the aim of
this study is to verify: 1) if the increase of the ET volume induces
remarkable improvement in the EPC function of the bone marrow
of female rats; and 2) if the increase of the ET volume increases
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even more the capillarization of the soleus muscle. The authors
raise the hypothesis that ET improves the EPC function of the bone
marrow, followed by greater capillarization and muscular oxidative
capacity dependent on the ET volume increase, which is relevant
to the more active skeletal musculature being it necessary so that
better physical performance is reached.

MATERIAL AND METHODS

Experimental animals

In order to make this study possible, 21 female Wistar rats were
used. The animals were obtained at the Central Animal Facility of
the Institute of Biomedical Sciences of the University of Sdo Paulo
(ICB-USP). The animals weighed between 180 and 200 g at the
beginning of the protocol.

The animals used in this study were kept in plastic cages and
were grouped in three or four per box and separated by experimen-
tal group. Room temperature in the premises was kept between
220-24°C and light was controlled in a 12-hour inverted light-dark
cycle. Water and food were offered ad libitum.

All procedures were according to the Ethical Principles in
Animal Experimentation adopted by the Brazilian College of Animal
Experimentation, being this research Project approved by the Ethics
Committee of the Physical Education and Sports School of the
University of Sao Paulo.

Animal identification

The animals were randomly divided in three groups with seven
animals each, according to the experimental protocol:
- Wistar female rats sedentary control (SC);
- Wistar female rats trained with protocol 1 (P1); and
- Wistar female rats trained with protocol 2 (P2).

Protocols of aerobic physical training

Protocol 1 (P1) — the animals were trained in swimming during 10
weeks, 60- min sessions, once a day, five times/week, with gradual
increase of work load (weight on the tail in percentage of body
weight). Increasing adaptation was performed until the animals
reached 5% of their body weight?.

Protocol 2 (P2) - in this training protocol, the animals trained until
the eight week with the same previous protocol (P1). On the ninth
week, the animals trained twice a week, 60-min sessions with a
four-hour interval between sessions. On the 10th week, they trained
three times a day, 60-min sessions with a four-hour interval between
sessions. The rats were identified and weekly weighed for correction
of training overload due to their body weight increase. This training
protocol with increase of exercise volume has been used with the
purpose to mimic a high-performance exercise training?'.

The used protocols were characterized as low and moderate inten-
sity and long duration trainings, being efficient in promoting cardio-
vascular adaptations and increase of muscular oxidative capacity?®?'.

Pre and post the ET period, the animals were submitted to
hemodynamic analyses, exercise tolerance test and oxygen uptake
peak. After 24 hours from the last training session, the animals were
killed by anesthesia with an intraperitoneal injection of sodium
pentobarbital (80 mg/kg). The necessary samples were collected and
accordingly stored for histological, biochemical and cellular analyses.
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Direct measurement of blood pressure and heart rate

After the ET period, the animals were cannulated and kept in
individual cages, where they remained for at least 24 hours before
the experiment of blood pressure and heart rate record was started.
The cannula on the animal was connected to a polyethylene tube
(PE 100) which was connected to an electromagnetic transducer
(P23 Db; Gould-Statham) which, on its turn, was connected to an
amplifier (General Purpose Amplifier-Stemtech, Inc.). The analog
signal of the blood pressure was converted to digital (Stemtech,
Inc.), recorded in real time in a micro-computer with CODAS System
and analyzed through the program compatible with Windows, with
sampling frequency of 1,000 Hz per channel. Beat-by-beat values
of the systolic blood pressure (SBP), diastolic blood pressure (DBP)
mean blood pressure (MBP) and heart rate (HR) were obtained from
this program.

Evaluation of the tolerance to maximal exercise

The evaluation of the maximal exercise protocol was perfor-
med with the animals from the three groups being placed on the
treadmill. The exercise test started immediately after the animal was
placed on the treadmill. Initial velocity was of 6 m/min (no inclina-
tion), which constitutes a scale protocol for with velocity increase of
3 m/min at every 3 min, until maximum velocity supported by the
animals was reached. The criterion for determination of the animal
exhaustion and test interruption was the moment at which the rat
was not able to run due to the velocity increase on the treadmill.
This evaluation was conducted after the training period to com-
pare the performance response of the animals among the groups.
The total duration time of the exercise test (min) was compared
for each rat.

Evaluation of the oxygen uptake (VO,)

The VO, peak was measured by measurement of the determina-
tion of the expired fraction of oxygen (FeO,) during the progressive
exercise test until exhaustion. In this protocol the rats were placed in
a metabolic box on the treadmill, which served as a mixing cham-
ber for the expired gas. This chamber is connected to a T-shaped
tube for air samples removal (1,000 mL/min) so that the FeO, can
be assessed in a gas analyzer. The other exit of the 'T' tube is used
for inspiration of the air in continuous flow (2,500 mL/min), regu-
lated by a vacuum pump. The front part of the metabolic box has
an opening of 2 mm from the surface, which allows the room air
entrance from one direction only, picked by the vacuum pump. The
air flow in the metabolic box is of 3,500 mL/min.

The animal was placed in the metabolic box for a recovery pe-
riod of 30 minutes for recording of the baseline status, and the test
was then initiated with velocity of 3 m/min. During each stage (3
min) of performed exercise, the FeO, of the gas present in the air
in the metabolic box was analyzed. When reaching exhaustion, the
animal was kept in the metabolic box for approximately 3 min and
expired fractions were recorded to verify the animal's recovery as
well as functioning of the analyzers.

The VO, was calculated through the following mathemati-
cal formula: VO, = air flow x (FiO,-FeO,) / body weight. Where:
VO, = mLkg".min", air flow = 1,000 mLmin (analyzer) + 2,500 mLmin
(vacuum pump) = 3,500 mLmin, FiO, = fraction of inspired oxygen
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(room air), FeO, = fraction of expired oxygen (mixing box), body
weight = kg.

Evaluation of the citrate synthase enzyme activity

The activity of the citrate synthase enzyme was measured in
the homogenized of the soleus muscle of the animals, in a spec-
trophotometer as described by Srere??. The soleus muscle was
homogenized with phosphate buffer (PBS) in the 1:10 ratio (1 g
of tissue : 10 ml of PBS). The samples were centrifuged at 1,500 g,
during 10 min at 4°C. The supernatant was removed and used for
measurement of the enzymatic activity.

The enzymatic kinetics was performed in a spectrophotometer
and was determined by the quantification of the intensity of the
color made by the reaction between the coenzyme A (CoA) and the
oxaloacetic acid in the presence of the 5,5ditio-bis 2 nitrobenzoic
acid (DTNB). The reading was performed at 25°C, during an interval
of 160 seconds, in 412 nm. The enzyme activity was determined by
the difference between the initial and final absorbance, divided by
the difference of time of absorbance. The results were expressed in
pmol.mL".mg protein™. The protein was determined by the Bradford
method using bovine serum albumin as standard (BSA, T mg/mL).

Extraction of the mononuclear cells of the bone marrow

The bone marrow cells were obtained from the animals' femur
and tibia. After the lower limbs had been hygienized, an incision
was made so that the coxofemoral articulation could be seen. After
the ligaments were ruptured and the adjacent muscular tissue was
removed, the femur was immersed in a falcon tube containing PBS
(phosphate-buffered saline) and penicillin G (100 U/mL) and strep-
tomycin (100 ug/mL). The same procedure was repeated for the
tibia’s removal.

Under sterile conditions, the bone marrow was extracted from
the bone by washing of the cavity with culture medium Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco, NY, USA), with a syringe
and a needle. After successive washing and homogenization of the
medium containing cells, a separation gradient was performed with
Ficoll (Ficoll-Paque, GE Healthcare, Uppsala, Sweden) for separation
of the portion of mononuclear cells (MNC). The material was centri-
fuged for 25 minutes at 1,000 g (+ 23°C) for separation of the cells.
After having been separated, the cells were washed with PBS and
again submitted to centrifuging for five minutes at 1,000 g, and later
suspended again in small volume of PBS 1X for subsequent count
in a microscope (Nikon, NY, USA). After that, they were taken to
function analysis according to methodology described as follows:

Functional evaluation of the endothelial progenitor cells by
formation of colony-forming unit

The EPC presents properties such as clonogenicity, which is the
ability to double cells, demonstrating the power of their cells to form
colonies. Basically, the clonogenic assay involves three phases: 1) the
first phase consists in the separation and quantification of the MNC, as
previously described; 2) the second phase involves the cellular culture
of these cells, which received 5x10% <NC on six-well plates contai-
ning fibronectin (BD BioCoat, CA, USA). The cells were cultivated in
endothelial medium specific for function analysis of these stem cells
(EndoCult-StemCell Technologies, Vancouver, Canada). After two days
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of incubation for selection of the EPC population, the non-adherent
cells are again plated with specific medium EndoCult; 3) finally, after
three days of culture, the third phase includes the count in inverted
microscope attached to the camera (Nikon, NY, EUA) of the number
of colony-forming units (CFU), after seven days at 37°C, 5% of CO,
with 95% of humidity. The results were expressed in percentage of
the mean of the control of the number of colonies formed by 1x10°
of the plated cells.

Analysis of the capillary-to-fiber ratio

The soleus muscle was transversally cut, stained in formaldehyde
at 6% for 24 hours and processed by dehydration, diafanization
and paraffin bath at 60°C. Subsequently, they were inserted in
cassettes containing funded paraffin, which when solid, originated
a paraffin block for each sample, in which 3 um-thick cuts were
made in microtome, submitted to slides mounting for histological
analysis with PAS staining (Periodic Acid Schiff), for visualization of
the capillary vessels.

The histological analysis was performed with use of the image
analysis system Quantimet Leica®, (Leica, Cambridge, United King-
dom) through a blind study. The number of capillaries was analyzed
with the image being enlarged 400x for measurements. According
to established criteria, the diameter was the main parameter for
capillaries identification, being considered capillaries, the vessels
with diameter equal or smaller than 12 um. Five fields of view of the
slides of each sample were analyzed, in which the total number of
muscle fibers and capillaries per field was quantified and from these
values, the capillary-to-fiber ratio of each animal was calculated.

Statistical analysis

One-way ANOVA (group as independent variable) was used
for the SBP, DBP, MBP, HR, activity of the citrate synthase enzyme,
EPC function and capillary-to-fiber ratio data; and Tukey post-hoc
test (Statistica software, StatSoft, Inc,, Tulsa, OK, USA). Concerning
analysis of exercise tolerance and VO, peak data, two-way ANOVA
was used (group and time as independent variables) and Tukey post-
hoc test. All experiments considered a p < 0.05 of significance. Al
results were presented as mean = standard error of the mean (SEM).

RESULTS

Hemodynamic parameters: blood pressure and heart rate

The SBP, DBP and MBP values expressed in millimeters of
mercury (mmHg) and HR expressed in beats per minute (bpm)
in the post-ET period were summarized in table 1 for the SC, P1
and P2 groups.

Table 1. Hemodynamic parameters.

Groups SBP, mmHg DBP, mmHg MBP, mmHg HR, bpm
SC 127.6+3.9 97.6+10.3 113573 344.8+12.1
P1 123.3£8.5 96.4£5.2 110.7£6.7 301.2£15.3%
P2 123.0£84 94.3£89 108.3£9.0 309.0+14.0*

Values expressed as mean + SEM. Results of the systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
blood pressure (MBP) and heart rate (HR) were obtained post- ET period in control Wistar sedentary female rats (SC),
Wistar female rats trained with protocol 1 (P1) and Wistar female rats trained with protocol 2 (P2). *P <0.05 vs. SC.
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There was no difference in the BP among the three studied groups.
However, HR significantly decreased after 10 weeks of swimming train-
ing in the P1 group (301.2 £ 15.3 bpm) and in the P2 group (309 +
14 bpm), compared with the SC group (344.8 + 12.1 bpm, p < 0,05).

Maximal exercise test

In the analysis of exercise tolerance, significant interaction of
the factors group/time [F(2.40) = 5.74; p = 0.008] was observed.
The groups SC, P1 and P2 presented the same physical perfor-
mance in the pre-ET period. However, in the ost-ET period, there
was significant performance improvement of the trained animals
(P1 and P2) compared with the pre-ET period (p < 0.001). Moreover,
the P1 group presented increase of 20.7% (p < 0.001) and group
P2 increase of 29.4% (p < 0.001), both compared with the control
group (figure 1A).

Measurement of oxygen uptake peak

In the analysis of the VO, peak, significant interaction between
the factors group/time [F(2.40) = 3.59; p = 0.037] was observed.
Figure 1B shows that in the pre-ET period the groups SC, P1 and
P2 presented the same mean level of VO, peak. In the post-ET pe-
riod, there is maintenance of the VO, peak in the groups P1 and P2
compared with the pre-ET period. However, significant reduction
of VO, peak can be observed in the group SC compared with the
pre-ET period (p < 0.05). Moreover, the trained groups presented a
VO, peak statistically higher in comparison with the VO, peak of the
group SC in the post-ET period (SC: 67.6 + 2.2; P1: 75.63 £ 2 and P2:
80.05 + 24 mLkg".min”, p < 0.05 and p < 0.01, respectively vs. SC).
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Figure 1. Markers of aerobic physical performance. Tolerance to maximum exercise
evaluated by the duration time of the test (min) (A) and the pre and post- ET oxygen
uptake (VO2) peak (B). The results are expressed as mean + SEM. # p < 0.05 compared
with pre-ET; * p < 0.05 compared with the SC post-ET; ** p < 0.01 compared with the SC
post-ET; *** p < 0.001 compared with the pre-ET and SC post-ET. ET: exercise training.
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Measurement of the citrate synthase enzyme activity

Figure 2 shows that there was increase of the activity of the
citrate synthase enzyme in the soleus muscle of female rats trained
with P1(275.7+ 24.6 umol.mL'mg™; p < 0.05) and P2 (385.4 + 18.1
umol.mLmg™; p < 0.01) compared with the group SC (188 + 23.8
umol.mLtmg™).
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Figure 2. Effect of different volume of aerobic ET on the activity of the citrate synthase
enzyme in the soleus muscle represented in values of umol.mL-1.mg-1. Results are
expressed as mean + SEM. * p < 0.05 compared with the SC; ** p < 0.01 compared
with the SG 1 p < 0.05 compared with the P1. ET: exercise training.

Evaluation of the function of the endothelial progenitor cells

The number of bone marrow derived EPC colonies was altered
by the different ET volume. As seen in figure 3, ET was able to
improve the EPC function represented by the increase of 237% in
the number of colony-forming units in the group P1 (p < 0.001)
compared with the group SC. Interestingly, the increase in the ET
volume increased even more the number of colonies, to 358%, in
the group P2 (p < 0.001) compared with the group SC. The group
P2 was different from the P1 with increase of 121% in the number
of EPC colony-forming units (p < 0.01). The colony-forming units
are presented in figure 3B.

Determination of the capillary ratio by skeletal muscular fiber

Morphological analyses after histological processing reveal im-
portant alterations in the skeletal muscular microcirculation induced
by ET. Figure 4 presents the capillarization results obtained by PAS
staining. The ET was effective in increasing 128% of the number
of capillaries by the analysis of the capillary-to-fiber ratio in the
group P1 (p < 0.0001) compared with the group SC. The increase
of ET volume promoted angiogenesis even greater, with increase
of 171% in the group P2 (p < 0.0001) compared with the group SC
(SC: 0.7 £0.05; P1: 1.6 + 0.06; P2: 1.9 + 0.13 capillary-to-fiber ratio).
The group P2 was different from the P1 with increase of 41% in the
number of capillaries (p < 0.0004) per fiber.

DISCUSSION

In the present study, the effect of different aerobic ET volume
on the EPC function of the bone marrow and metabolic and
structural alterations of the skeletal musculature was assessed. The
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Figure 3. Effect of different volume of aerobic ET on the EPC function assessed by the
capacity of formation of colony-forming unit. lllustrative photos of the second day
of the EPC plague process in which there is not colony formation yet (A) and on the
seventh day already with the cell colony. The results are expressed as mean + SEM.
*** p < 0.001 compared with the SC; # p < 0.01 compared with the P1. ET: exercise
training; EPC: endothelial progenitor cells.
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Figure 4. Effect of different volume of aerobic ET on the analysis of the capillary-to-fiber
ratio by histological method through PAS (Periodic Acid Schiff) staining. The results were
expressed as mean + SEM. *** p < 0,001 compared with the SC, t p < 0.05 compared
with the P1. ET: exercise training.

main results of the study show that the aerobic ET : 1) induced
resting bradycardia with no alteration in the BP; 2) increased exercise
tolerance; 3) maintained the VO, peak; 4) increased the activity of
the citrate synthase enzyme; and 5) improved the EPC function
of the bone marrow followed by increase of capillarization in the
skeletal muscle dependent on the increase of ET volume.

The physiological adaptations which result from the aerobic
ET provide greater capacity of the cardiorespiratory system in
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supplying oxygen and energetic substrates to the muscle tissue,
and it uses them more efficiently during the ET'.

Among the autonomic and hemodynamic adaptations which will
influence the cardiovascular system, resting bradycardia consists in a
good functional parameter to verify the adaptation and efficiency of
the aerobic ET; therefore, it is considered an ET physiological marker.
This adaptation is observed both in experimentation animals?%223
and humans?,

Previous studies of our group demonstrated that the magnitude
of the resting bradycardia depends on the type and intensity of
the aerobic ET used. As observed, greater resting bradycardia in
animals trained in swimming? than on treadmill?® was found. In
the present study, we observed that the groups submitted to the
two ET protocols presented similar reduction in rest HR regardless
of the exercise volume applied, when compared with its initial HR.
The mechanisms through which this bradycardia occurs seem to
be strongly influenced by the type of ET. In normotensive rats, this
resting bradycardia resulting from the aerobic ET on treadmill is
associated with reduction in the intrinsic HRZ, while the animals
submitted to the swimming protocol seem to present resting bra-
dycardia due to increase of vagal tonus®.

The BP adaptation due to the ET seems to depend on the presence
of risk factors and cardiovascular diseases. In fact, studies have
shown that the BP response remains unchanged in normotensive
humans and animals submitted to aerobic ET?%?"?3%5 |n the present
study, consistent with other ones previously mentioned, there was
no significant difference in BP between the trained and sedentary
groups, showing hence that ET with swimming does not alter rest
BP. Moreover, this effect does not seem to be intrinsic to the type
of ET applied when compared with the modality on treadmill with
swimming, nor to be species-dependent. Nevertheless, it can be
conditioned to the level of initial BP, since hypertensive populations
benefit from aerobic ET concerning its reduction?.

In the skeletal muscle, improvement of physical performance
is associated with improvement of oxidative capacity and
angiogenesis'. Increase of aerobic work represented by higher
exercise tolerance and VO, peak were observed in the groups P1
and P2, with more exacerbated responses in the group P2. Therefore,
another important indication which demonstrates the optimization of
the aerobic metabolism is the increase of the capacity of the oxidative
system. This metabolic adaptation may be identified through many
oxidative enzymes, which have also been used in the literature
as markers of aerobic ET. The citrate synthase is one of the most
important enzymes for the regulation of the metabolic ways of
energy generation, since it catalyzes the first reaction of the Krebs
cycle and consequently generates energy via aerobic metabolism?,
In the present study, the activity of the citrate synthase oxidative
enzyme in the soleus muscle increased 47% in the group P1 and
105% in the group P2 compared with the group SC, demonstrating
that the increase of ET volume was able to induce higher muscular
adaptation response to the necessary demands, strongly contributing
to the increase of the observed physical performance.

Concomitantly, increase of the number of capillaries can be
observed in the soleus muscle of the animals from the groups P1
and P2, being the angiogenesis more remarkable in the group
P2. Some studies have shown that hypoxia and shear stress are
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the most important stimuli which trigger the skeletal muscular
angiogenesis induced by ET™™. In the presence of hypoxia, an
important increase in the transcription of the hypoxia-induced factor
(HIF-1a) occurs, which, on its turn, stimulates the transcription of the
vascular endothelial growth factor (VEGF). The initial imbalance of
partial pressure of O,, due to the VO, increase, stimulates the VEGF
expression. and consequently, the proliferation of endothelial cells
for the formation of new vessels'™.

Interestingly, the hypoxia and shear stress found in the skeletal
musculature by the aerobic ET were described for being one of
the most powerful physiological stimuli known for triggering the
increase of the number and increasing the EPC function mediated
by the synthesis of growth factors, especially the VEGF and nitric
oxide (NO)®131° Hypoxia and shear stress alter the microvascular
endothelium casing the EPC mobilization to these regions. Their
engagement is significantly high in the endothelium in that condi-
tion and the EPC exposure in those sites generates the proliferation
and organization of cellular clusters, which align in the direction of
the ischemic gradient and form cords like vessels. Thus, both the
VO, and blood flow increase induced by the aerobic ET raise the
VEGF and NO production, which have been said to be the main
responsible for the migratory activity, EPC engagement and incor-
poration in the microcirculation, promoting repair and formation
of new vessels 891319,

Laufs et al.'® were the first to show that the aerobic ET is able
to influence on the number of EPC, where trained mice compared
with sedentary ones resented significant increase of EPC in the bone
marrow and circulation from the seventh day of ET, being kept for
over a month of continuous activity. The researchers also showed
that mice treated with NO synthase blocker (.-NAME) and knockout
for this gene had their increase blocked, which suggests increase
of NO-dependent EPC in response to aerobic exercise.

Furthermore, Adams et al.'* observed that patients with myo-
cardial ischemia presented systemic EPC increase within 24-48 h
after maximum exercise. The increase found in the number of EPC
was related to higher plasma VEGF concentration. Studies have
shown that the VEGF interaction with its main angiogenic recep-
tor, the VEGFR2, type tyrosine kinase receptor, promotes activation
of a intracellular signaling cascade mainly mediated by the PI3K/
Akt way, which stimulates the expression of genes responsible for
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the bone marrow EPC mobilization to the peripheral blood®917:1827,
Further studies in healthy individuals confirmed the ET role in the
promotion of angiogenesis and improvement of vascular function
due to improvement in EPC bioactivity dependent on the VEGF
and NO increase®'>1°,

The EPC profile can also be influenced by the ET intensity. Thus,
Strong physical exercise, as the ones performed by marathoners,
did not present any alteration in the EPC concentration?®, while
a recent study published by Goussetis et al.?° demonstrated in-
crease of 10 times of the EPC after 246 km of foot race and that
his mobilization mediated by exercise was associated with the
release of VEGF in the circulation. Similarly to this study, M&bius-
Winkler et al** showed EPC increase in the circulation of healthy
individuals from the 210 min of strong exercise, indicating hence
increase of these cells which depend on the time of performance
of the exercise.

Corroborating the data in the literature, our results also mention
improvement in the EPC parameters in response to ET. Moreover,
we presented for the first time that such improvement in the EPC
function depends on the increase of the training volume, since
addition of 121% was observed in the EPC function in the group
P2 compared with the P1. Besides that, increase in the number of
capillaries dependent on the ET volume was observed.

CONCLUSION

In conclusion, these results suggest that the bone marrow, as
the main EPC reservoir, is influenced by different ET volume, being
possibly responsible for the higher physical performance observed
when greater EPC endogenous mobilization occurs, being also
active participants in the muscular angiogenesis process induced
by the aerobic ET.
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