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Abstract

The microcirculation is composed of four different sections: arterioles, capillaries, sphincters and venules. The coronary arteries
microcirculation consists the heart and large coronary arteries. The myocardium almost solely dependent on the ability of aerobic
metabolism, therefore, oxygen demand must be balance by increasing coronary blood flow compared to rest, almost six-folds at
maximal oxygen uptake. Increase in skeletal muscle oxygen demand is met by increasing oxygen delivery namely cardiac output,
muscle’s oxygen extraction and microcirculation blood flow. However, at rest oxygen extraction by the myocardium is maximal,
hence the only way to balance oxygen demand during exercise is by linear increase in coronary blood flow. Repeated aerobic exercise
changes structural and functional adaptations within the cardiovascular system include increases myocardial capillary density,
increase vascularity diameters and changes in cell shape and cytoskeletal rearrangement. It is our aim to discuss these numerous
contributions on coronary blood flow. We also have extended our discussion to the effect of chronic aerobic exercise which modify
some controlling developments in the coronary microcirculation Red blood cells.
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The Microcirculation Webs

Microcirculation means blood flow through the smallest vessels,
within organ tissues and is the link between blood and single cell.
In addition, the microcirculation delivers oxygen and nutrients and
remove

carbon dioxide. The microcirculation is the largest components
in the cardiovascular system, and is composed of four different
sections: arterioles, capillaries, sphincters and venules [1]. Each
component has sole assembly and purpose. The flow of blood
through the microvasculature, is in vessels with diameter less
then120pm, within organ tissues. It is composed of terminal
arterioles contracted by sympathetic nerves with a diameter of
75um [2]. The arteriole regulates blood flow and thus, influencing
blood pressure and consequently, total peripheral resistance [3]. The
sphincters before the capillaries still with small amount of smooth
muscle respond to chemical compounds as the autoregulation
mechanism [4]. Blood flow continues through the capillary bed
with diameter of 7um almost as the red blood cell size, and intima
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tone with thin wall that facilitates exchange of gasses by diffusion.
Then, blood flows to the venules with a diameter of 120um. The
major site of exchange of materials occur in the capillaries and in
the junction of capillary-venules [5].

The Coronary Arteries Microcirculation

It consists the heart and large coronary arteries. When the
arteries are occluded, myocardial infarction might happen. The
coronary microcirculation has an important role to maintain
oxygen demand-supply balance. To achieve this, it will be essential
that the myocardium’s coronaries resistance will integrate the
involvement of inherent and extrinsic signals. The myocardium
almost solely dependent on the ability of aerobic metabolism [6],
with maximal oxygen extraction at rest. On the other hand, the
anaerobic pathway is inadequate to produce energy. With increase
left ventricular contractility and heart beats demand for ATP and
therefore, oxygen is matched by myocardial aerobic metabolism
due, to large and exceptional amounts of myocardial mitochondria.
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Since at rest oxygen extraction by the myocardium is maximal,
the only way at maximal oxygen uptake to balance the increased
myocardial oxygen demand is by linear increase in coronary blood
flow almost six-folds [7].

The oxidative production of ATP is mainly achieved from
fatty acids in the Tricarboxylic acid cycle [6]. However, in normal
subjects, increase in myocardial oxygen demand to maintain
viability, is usually, balanced and met by augmentation oxygen
delivery. Coronary blood flow is normally regulated by resistance in
the arterioles of the coronary bed. Flow resistance in the coronary
circulation has mixture signals coming from small arteries and
arterioles. Resistance in the arterioles of the coronary are influenced
mainly by: myogenic activity, metabolic activity influencing the
autoregulation mechanism, neurological and humoral factors, and
by the endothelium. The greatestimportantand leading mechanism
is the metabolic one. The oxygen requirements of the myocardium
control the coronaries diameter thus, coronary artery diameter is
increased by the vasodilation mechanism [7]. Normal arteries are
capable to maintain the coronary blood flow at levels appropriate
to the needs of the myocardium by the autoregulation mechanism.
Myogenic and endothelial regulatory mechanisms effects on
coronary diameters by stretch. Myogenic coronary arterioles
narrow and then dilate while shear stress induced dilation [8]. The
vascular myogenic response refers to the acute reaction of a blood
vessel to a change in transmural pressure. This response is critically
important for the development of resting vascular tone [8].

So, in healthy individuals, coronary blood flow does not limit
aerobic metabolism of the myocardium during maximal aerobic
exercise [9].

Red Blood Cell Mechanical Properties

Red blood cell is involved through number mechanisms in order
to increase oxygen delivery as needed by the working muscles
during aerobic exercise. The increase in skeletal muscle demand is
met by increasing oxygen delivery namely cardiac output, increases
in muscle’s oxygen extraction and increasing microcirculation blood
flow [10]. Associated with this there is an increased release into the
circulation of catecholamine. The large fraction of the blood volume
is contained in the microcirculation webs and are affected as well.
These alterations of blood rheology are related to muscular activity
and intensity [11]. These may give rise in the traffic of Thallium
201while testing vascularity changes for myocardial perfusion.

The mechanical properties and filterability of circulating red
blood cells play a central role in the function of the microcirculation
[12]. Cell membrane mechanical fluctuation of red blood cells plays
a vital role in health and disease. Circulatory resistance depends
mainly on red cell concentration, plasma viscosity and on red
cell deformability [12]. The ability of red blood cells to deform is
crucial to allow their circulation, especially when passing in narrow
capillaries this in turn, determine vessel’s resistance to flow [13].

Catecholamine appears to play an important role in membrane
fluctuations and filterability of red blood cells due to changes in
lymphocyte levels which are dependent on (3-adrenergic receptor
expression on the respective cell types and also on cyclic adenosine
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monophosphate (cAMP) which activates protein kines A. It was
shown that following the administration of prostaglandin E1 and
adrenaline cell membrane fluctuations and filterability of red blood
cells were elevated [14], through a cAMP-dependent pathway.

Effect of Aerobic Exercise Training

It is type of dynamic exercise low to high intensity that relies
largely on the Krebs aerobic pathway to produce ATP [15]. Thus,
forming ATP is mainly done with the present of oxygen [16].
Aerobic exercise is characterized by sustained and prolonged
activity that can last from few minutes up to hours [15], whereas
vasculature play a critical role in the physiological adaptations of
the myocardium in response to physical exercise. The practical
measurements of the cardiopulmonary system is the aerobic
capacity measured as maximal oxygen uptake.

Based on evidence that chronic repeated aerobic exercise
within the
cardiovascular system [17] it: a. increases myocardial capillary

changes structural and functional adaptations
density; b. increase vascularity diameters [18] and therefore,
reduces resistance of coronary blood flow that is greatest in
the coronary arterioles smooth muscle c. change red blood cell
mechanical properties [19] namely, change in cell shape and
cytoskeletal rearrangement. Following aerobic exercise training
adaptations in the coronary microcirculation increase the capacity
of the coronaries blood flow [20]. Therefore, the microcirculation
network stimulates erythropoiesis and consequently, augments
blood hemoglobin levels and red blood cells [21]. Aerobic exercise
and training regimens have large and lasting effects on hemoglobin,
by altering plasma levels and augment its levels [22,23]. This, in
turn increases the ability of the blood to carry larger amount of
oxygen to the working muscles and myocardium [24].

In addition, benefits of aerobic exercise include; increase in
myocardial contractility ability and cardiovascular system, improve
oxygen delivery-extraction, rise in energy availability, increase
endurance with low lactic acid levels, reduce cardiac risk factors
and growth in lean body mass, increase blood supply and therefore
oxygen and nutrients to better functioning cell and, then the organ
is more efficient. Acute exercise disrupts hemorheological in a high
exercise intensity however, more important is hemoconcentration.
The rheological properties of blood may control, in part, the
alteration rate of oxygen delivery-supply at the onset of exercise
[25].

Conclusion

Following long-lasting high aerobic exercise intensity training,
in well-trained subjects erythrocyte deformability were unchanged
following test to maximal oxygen uptake [26]. It has been suggested
that the reduced oxygen content in the arterials due to strenuous
exercise [27], in well-trained subjects is a positive adaptive
mechanism that facilitate the muscle’s contractions. However,
significant increase in erythrocyte deformability response was
found in well-trained athletes following submaximal running of
four periods of sub-maximal running at 70% of peak oxygen uptake
for 30 min [28]. Therefore, it can be suggested that the effect of
submaximal aerobic exercise bouts at 70% of maximal oxygen
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uptake influence red blood cell deformability [29]. On the other
hand, red blood cell deformability does occur under strenuous
aerobic exercise in well trained athletes.
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