Turkish Journal of Sport and Exercise
http://dergipark.gav.tr/tsed

Year: 2019 - Volume: 21 - Issue; 2 - Pages: 261-269

D0l 10.15314/tsed. 604843

xercise
a‘

<

\>//\
Y

ISSN: 2147-06352

RAA System and Exercise Relationship

Siileyman PATLAR!, Sadettin UNSAL?>

Faculty of Sport Science, Selcuk University, Konya, Turkey.

2Department of Biology, Faculty of Sciences , Selcuk University, Konya, Turkey.

Address Correspondence to S, Patlar e-mail: spatlar@selcuk.edu.tr

Abstract

In this review, it is aimed to discuss the possible interactions between renin-angiotensin-aldosterone system and exercise for
health and performance and to present new literature on this subject. From this point of view, an analysis of the experimental
and clinical studies on this subject has been made. Physical exercise leads to a number of changes in the plasma levels of renin,

angiotensin, and aldosterone, which represent the adaptation of the human body to a new biological environment. Significant

(P <0.05) increases occur in the levels of plasma renin, angiotensin and aldosterone especially in submaximal and maximal

exercise intensity. Hormone levels return to normal with the end of the exercise. Factors such as age and gender, menstrual

cycle, salt intake, posture, thermal tension, elevation, training, type of exercise have a major impact on the response of the RAA
system to exercise. A relationship between physical activity and permanent endocrine changes could not be demonstrated.
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INTRODUCTION

The RAA system is an endocrine system that
plays an important role in many hemostatic events
in the body. In particular, fluid-electrolyte balance,
blood volume, and arterial blood pressure
regulation and maintains the basic task of

maintaining the physiological level (12, 17, 24, 39)

Research on this topic shows that the RAA
system is immediately activated, especially with the
loss of sodium and water in the body during
exercise, and an increase in renin-angiotensin-
aldosterone levels occurs. Some authors observed
that renin and aldosterone levels increased during
and after exercise, returned to pre-exercise levels
during a rest period of 6-12 hours, and sodium and
water excretion remained suppressed for up to 48
hours (10, 13). Staessen et al. (50) stated that plasma
levels of angiotensin and aldosterone increased at
similar rates in mild to moderate exercise (30% and
60%) or angiotensin II increased significantly more
than PRA and aldosterone in maximal (above
anaerobic threshold) exercises. However, it is hard
to interpret hormonal changes because of the variety
of environmental changes, the exercise protocol, and
the characteristics of different subjects. Therefore,

new research is needed.

The aim of this review is to discuss the possible
interactions between RAA system and exercise for

health and performance and to present new
literature on this topic.

1. Renin

Renin is a proteolytic enzyme with glycoprotein
structure and molecular weight of approximately
36000 daltons. However, some publications have
reported that it is an (atypical) hormone. (15, 61).

1.1. Oscillation and Regulation

Juxtaglomerular cells in the kidney are the most
important formations that release renin and are the
major source of renin in plasma. However, in some
tissues other than the kidney (salivary glands,
vascular beds) renin is produced and released. The
decrease in (hypotension),
decreases tension (tonus) in renal arterioles and

arterial  pressure
narrowing of renal arteries as a result of the decrease
in pressure within the lumen and excessive decrease
in circulating blood amount (hypovolemia) increases
renin release (23, 41).

Catecholamines released by stimulation of the
central nervous system and increased sympathetic
activity greatly increase the release of renin in
juxtaglomerular cells via sAMP and e-adrenergic
receptors.

There is an inverse relationship between the
concentration of Na and Cl passing through these



cells and the release of renin. Macular densa
contains chemical receptors that are sensitive to
sodium and chlorine ions in the filtrate. in the
concentration of sodium and chlorine ions in the
filtrate leads to the stimulation of the receptors in
question. These stimulated receptors also increase
the release of renin by affecting the adjacent
juxtaglomerular cells (18, 41, 61).

2. Angiotensin
2.1. Oscillation and Regulation

Angiotensin is a plasma glycoprotein formed in
the liver with a molecular weight of 55000 daltons.
The renin enzyme released from the kidneys has an
enzymatic effect on this angiotensinogen in the a2-
globulin structure in plasma. As a result of this
effect, renin angiotensinogen converts to angiotensin
I. Renin remains in circulation for 30 minutes and
during this time angiotensin, I continue to form.
Angiotensin I is a peptide containing 10 amino acids
moderate vasoconstrictive effect.
Therefore, it is not sufficient to make significant
changes in blood circulation alone (15).

and has a

Angiotensin I, a few seconds after its formation,
loses 2 amino acids with the effect of kininase II
which exists mostly in the lungs, blood and organs
(adrenal shell, kidney, liver, posterior pituitary,
pancreas, spleen). and an angiotensin II, an 8-amino
acid peptide, occurs. Angiotensin II is the most
potent vasoconstrictive hormone known and has
effects outside circulation (12).

2.2. The Effect

Angiotensins have two major effects. They are
vasoconstriction and the increase of the release of
aldosterone. Furthermore, thirst increases the release
of antidiuretic hormones and reduces the formation
of urine by stimulation of the central nervous system
and the heart

3. Aldosterone

Three different mineralocorticoid hormones,
aldosterone, (DOC) and
corticosterone, are from the
glomerulus of the adrenal gland cortex. These
hormones are called mineralocorticoids because

deoxycosterone

released zona

they act on electrolytes such as sodium, potassium,
and chlorine, especially in extracellular fluids.
Glucocorticoids are oxygen-free corticoids at carbon
atom number 11. In a healthy person, about 50-250
mg of aldosterone and deoxycorticosterone are
released per day. Therefore, plasma aldosterone
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level is very low (0.01ug / 100 ml). On the other
hand, provides 95% of the
mineralocorticoid activity. The remaining 5%
activity is also fulfilled by the other
mineralocorticoid hormones (41, 61)

aldosterone

two

3.1. The Structure

Aldosterone is similar in structure to
corticosterone. However, the carbon atom number
18 of corticosterone has been replaced by an
aldehyde group instead of the methyl group. Since
this aldehyde group is adjacent to the hydroxyl (-
OH) group at carbon atom number 1 in space, it
allows the formation of the hemiacetal form of
aldosterone. For this reason, aldosterone is present
in the form of aldehyde and hemiacetal and is in

equilibrium.
3.2. Oscillation and Regulation

A very small proportion of aldosterone that
passes into the blood is bound to plasma proteins.
The rest is free. The amount released is very small
and the total plasma aldosterone level in humans is
about 0.006 pg / dl. Aldosterone secretion is
regulated by the following changes, particularly
plasma potassium and angiotensin levels.

1. One of the most powerful stimulises that
increase aldosterone secretion is potassium ions.
Indeed,
extracellular fluids, the

when potassium ions increase in
release of aldosterone
increases. An increase in potassium ions up to 1 meq
/ L in the extracellular fluid leads to a threefold
increase in aldosterone release. This potent effect of

potassium ions is very important.

2. One of the important stimuluses that increase
aldosterone secretion is the decrease in blood
volume due to various reasons. Hemorrhage, use of
diuretics, ganglion blockade in the case of low salt
intake and the decrease of the extracellular fluid
volume in some important chronic diseases cause to
the reduction in the bloodstream and arterial
pressure.

3. Aldosterone secretion is not as sensitive to
plasma sodium as it is at the potassium level.
Therefore, the reduction of sodium ions
(hyponatremia) in extracellular fluid or blood is a
weak stimulus that causes aldosterone release. A
decrease in plasma sodium level of up to 20 meq /L
may indirectly increase aldosterone release.

4. The effect of sodium level and ACTH in the
control and regulation of aldosterone release is not
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as potent as potassium ions and angiotensin, in
other words, it is insignificant. Indeed, as a result of
ACTH injection, aldosterone secretion initially
increases for several days, but the effect then
disappears. While ACTH increases the release of
glucocorticoids, it also plays a role in preparing for
the partial release of aldosterone if even it is for a
short while(61).

3.3. The Effect

The most important effect of aldosterone is
on renal distal tubules and collector channels. It acts
on sodium, potassium and water metabolism and
regulates the concentration of these substances in
intercellular fluids and blood. While Aldosterone
provides the absorption of sodium ions from the
renal tubules, on the other hand, it increases the
urine extraction of potassium ions and, to a lesser
extent, hydrogen ions (18).

4. Physiology of Renin-Angiotensin-Aldosterone
System

The RAA system is an endocrine system that
plays an important role in many homeostatic events
in the body. In particular, it takes on a basic task in
the regulation of fluid-electrolyte balance, blood
volume, blood pressure
maintaining at the physiological levels (12, 17, 24,
39). Following bleeding, loss of sodium or fluid,

and arterial and

systemic blood pressure decreases. This decrease
leads to a decrease in intrarenal perfusion pressure.
This leads to an increase of renin secretion by
juxtaglomerular cells. Major signals leading to
juxtaglomerular cells and causing renin secretion
are; the reduction of tension of renal afferent
arteriole wall (vascular baroreceptor), the decrease
in the concentration of NaCl in macula densa and

stimulation of juxtaglomerular adrenergic receptors.

In plasma, renin hydrolyzes angiotensinogen,
an ot2 globulin, which is mainly synthesized by the
liver, to angiotensin I (a decapeptide). In angiotensin
I ACE (angiotensin-converting enzyme) produced
by the lungs is converted to angiotensin II
(octapeptide).
biological events by being bound to specific
receptors in the target organs. Its main effects are;

Angiotensin Il  initiates some

increase in vascular tone and increase of aldosterone
secretion in adrenal zona glomerulosa. Aldosterone
results in sodium retention and potassium excretion
by increasing the activity of the sodium-potassium
pump in the distal tubule cells. Positive sodium
balance reduces renin secretion through negative
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feedback by leading to an increase in plasma volume
with fluid retention (12, 13).

Circulating angiotensin II also directly inhibits
renin secretion. Thus, angiotensin II and aldosterone
cooperate to revitalize renal perfusion and increase
blood pressure.

Since the repressive effect of angiotensin II is
increased by sodium uptake and reduced by sodium
loss, the amount of angiotensin II and plasma
sodium are in an interaction in the regulation of
systemic blood pressure. The RAA system also
controls  potassium  balance. = Hyperkalemia
stimulates aldosterone secretion and aldosterone
increases potassium excretion by activating the renal
Na / K pump. Aldosterone secretion also decreases
with the decrease of potassium level (13, 18).

5. Effect of Physical Exercise on the Renin-
Angiotensin-Aldosterone System

In many studies in the 1950s, a decrease in renal
perfusion pressure was mentioned during physical
exercise. In studies wusing renal clearance
measurement techniques with para-amino hippuric
acid (PAH), a decrease in renal plasma flow was
associated with the intensity of the study and it has
been shown that a decrease in exercise in the hot
environment increases further (21). In the following
years, with the development of radioimmunoassays
(IUD) system, renal ischemia has been defined as the
main stimulant of the mechanisms regulating renin
secretion.

Studies on the effect of physical activity in

animals and humans have shown significant
increases in plasma renin level or activity (14). The
magnitude of the renin increase was found to be

related to the severity of exercise (28).

Subsequent studies have confirmed these
observations, and renal hypoperfusion is now
considered to be the physiological mechanism of
renin stimulation (3, 50)a However, there are other
possible factors and other stimuluses to the
juxtaglomerular cells for renin secretion. With this in
mind, valid hypotheses can be summarized as
follows:

1. Exercise causes a significant loss of sodium
and water through perspiration if performed in a
heavy and hot environment. This leads to the
reduction of extracellular fluid and thus renal
perfusion decreases. While Physical exercise also
causes more blood to be delivered to muscle tissue,
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which requires more oxygen consumption and
reduces renal perfusion further. As a result, sodium
loss stimulates renin secretion by reducing sodium
filtration from glomeruluses and decreasing sodium
levels in macula densa.

2. Physical activity increases renal sympathetic
tone by  activating adrenoreceptors  on
juxtaglomerular cells. This leads to an increase of
renin secretion. Increase of sympathetic tone leads to
vasoconstriction of the afferent arteriole, thus causes
hypoperfusion
Catecholamines in

and renin secretion.
circulation,

norepinephrine, which stimulate adrenoreceptors in

to renal
mainly

vessels and at the level of juxtaglomerular cells
increase during physical stress. the activation of the
adrenergic  system  generating  with
hemodynamic changes in working muscles, such as
increases in peripheral vascular resistance caused by

some

reflexes generated by afferent impulses, are mainly
related to response to the isometric exercise (29).

3. The increase of blood flowing from the
Splanchnic circulation to the muscles during
exercise decreases hepatic blood circulation and
reduces the metabolic clearance of renin (44).

In recent studies, after it was shown that
angiotensin II is the main regulator of steroid
production in adrenal zona glomerulose, the renin-
angiotensin response was started to be investigated
together with aldosterone response. This event
helped explain the physiological meaning of the
increase in renin.

Costill et al (10) first emphasized the role of
aldosterone as the sodium-retaining hormone,
which is controlled by angiotensin II and prevents
sodium loss bond up with long-term exercise
perspiration. Some authors observed that renin and
aldosterone levels increased during and after
exercise, returned to pre-exercise levels during a rest
period of 6-12 hours, and sodium and water

excretion remained suppressed for up to 48 hours.

Many investigators have suggested that this
observation may explain edema in the lower parts of
the leg that is frequently reported after prolonged
exercises (35, 58). Alterations in the RAA system
against various types of exercise have been handled
in other studies demonstrating parallel increases in
renin, angiotensin II, and aldosterone levels (8, 27).

Staessen et al (50) found that plasma levels of
angiotensin and aldosterone increased with similar
rates of PRA in mild and moderate exercise (30%
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and 60%), or that increased
significantly more than PRA and aldosterone in

maximal (above anaerobic threshold) exercises.

angiotensin II

that metabolic
acidosis due to excessive anaerobic exercise inhibits
the breakdown of angiotensin II, or that adrenal
glomerulosa may have a delayed response to a
sudden increase in angiotensin II. However, There
are different judgments between the response of

These authors hypothesize

aldosterone to exercise and the response of PRA and
angiotensin II. Because it is possible that other
mechanisms interfere in aldosterone regulation (13).

Bonelli et al (5) Reported that the administration
of propranolol, a beta-adrenergic blocker, in humans
may suppress renin release during exercise but does
not affect the increase in aldosterone levels. This
disclosure brings to mind that an increase in serum
potassium level may directly stimulate aldosterone
release. Evidence supporting this concept is the
increase in intra- and extracellular potassium levels
due to physical exercise shown in many studies (13,
57). Similarly, the ACE inhibitor which blocks the
formation of angiotensin II had no effect on the
aldosterone response to captopril, maximal exercise
(63). Furthermore, since potassium level drops
captopril administration,
ACTH may act as an aldosterone stimulant.
Recently, that an
aldosterone was associated with an increase in
ACTH in submaximal exercise and it was interesting
that cortisol, mainly regulated by ACTH increased
only in maximal exercise (100% Max VO2). Thus, it

during exercise after

it was found increase in

is clear that aldosterone secretion during exercise
can be regulated by many factors that may be
dependent or independent of each other. Whether or
not any of these factors is dominant may also
depend on the working conditions. Whether
endogenous or exogenous, all of these factors
potentially affect the response of RAA such in other
hormonal responses. Some of these are explained
below.

5.1. Age and Gender

According to current information, there are no
specific findings to demonstrate age-related
differences in response to exercise in the RAA
system. However, resting levels of renin and
aldosterone are known to decrease with age. Maresh
et al (33) report that maximal exercise causes a
higher increase in plasma renin activity and
aldosterone levels in women than in men.
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Kinugawa et al (25) applied to the subjects 15-
minute submaximal treadmill test in their study on
20 men (31.9 + 1.3 years) and 15 women (29.2 + 2.5
years) without voluntary training.

Plasma renin activity during rest and exercise
was found to be higher in males than females. In
plasma aldosterone level, Although the resting value
was higher in men, no difference was found
between the two groups during and after exercise.
When basal and peak renin-angiotensin-aldosterone
system activities of all subjects were examined, a
positive correlation was found between pre- and
post-exercise measurements.

The response of the renin-angiotensin and
aldosterone system to maximal and submaximal
exercises in sedentary people is significantly higher.
However, it was reported that there was no
significant difference in the terms of gender in other
parameters except plasma renin activity (25)

5.2. Menstrual Cycle

Hormones that balance the body's water
sodium levels vary considerably throughout the
menstrual cycle. In eumenorrheic athletes, pre-
exercise levels of renin and aldosterone were found
to be higher in the mid-luteal phase of the menstrual
cycle than in the follicular phase. While the increase
in PRA was similar in both of these menstrual
phases during submaximal exercise (80% Max VO2),
aldosterone response was reported to be greater
during the mid-luteal phase than during the
follicular phase (51).

High levels of aldosterone after rest and
exercise may be to the high level of
progesterone (56). This may lead to a decrease in the
sodium-potassium ratio and a reduction in the
sodium-potassium loss by sweating. however, in

due

amenorrheic athletes, the resting level of aldosterone
is  higher athletes,
progesterone levels are lower in amenorrheic
athletes, and the aldosterone response to exercise is
similar to that of eumenorrheic athletes during the

than in eumenorrheic

follicular phase. In this case, high aldosterone level
is seen to be consistent with the overall increase in
adrenal cortical activity (11).

5.3. Posture

In a study by Wolf et al (60) who examine the
effect of posture on the renin-angiotensin-
aldosterone system in moderate exercise and rest on
5 healthy male subjects, the subjects were rested in a
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supine position for 15 minutes in water and then in
a sitting position outside the pool. The decrease in
plasma renin activity between the two conditions
was insignificant according to the blood samples
taken from the subjects. Aldosterone levels were
found to be lower and insignificant in the supine
resting position in the water than in the normal
sitting position.

Afterward, Cycling ergometer test in the supine
position with loading
swimming in the water were done by subjects (40-
50% Max VO2). Plasma renin and
aldosterone levels significantly increased according

intensity and freestyle
activity

to blood samples taken 15 minutes after exercise. No
difference was found between the two exercises in
terms of plasma renin activity and aldosterone
levels. Moderate and short-term exercises stimulate
renin aldosterone
emphasized that the
aldosterone levels were lower in moderate exercise
(40-50% Max VO2) in horizontal position than

standing exercise (59).

and production. It was

increase in renin and

It has been reported that the inhibitory effects of

extraneous effects on renin-angiotensin and
aldosterone on the aldosterone system are at a
negligible level during exercises such as moderate

swimming and staying supine in water (60).
5.4 Salt Intake

During the implementation of diets containing
normal and high sodium, short-term exercise leads
to a marked increase in renin level. However, there
was no increase in renin level in long-term exercise
in the case of salt loading (3).

Morgan and ark. (38) divided 8 male subjects
into two groups and subjected them to a 2-hour
exercise (Max VO2) at 38 + 0.0 C and in a 60 + 1.1%
humid room. During exercise, one group did not
take any liquid (dehydration), the other received 20
mmol L sodium chloride solution before and after
every 15 minutes of exercise. Blood samples and
each amount of perspiration lost were taken just
before the exercise and at the 60th and 120th
minutes of the exercise. According to the results
obtained, plasma aldosterone (Dehydration: 53.8 +
3.8, Euydration: 40.0 + 4.3 ng/dl) level was found to
be more significant in the dehydration trial than the
Euydration trial (P <0.05).

A large amount of perspiration (Na) and Cl loss
can occur in acute exercise in a warm environment
without taking fluid. This is potentially related to
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the amount of Na in the extracellular fluid, plasma
aldosterone secretion and sympathetic nerve activity
(38)

5.5. Thermal Tension

Following prolonged exposure to heat stress,
The reduction in sodium output by sweat glands as
an adaptation is a well-known mechanism. At rest,
there is also a decrease in sodium secretion as an
effect of an increase in aldosterone and renin (16).
While the increase in aldosterone is significantly
suppressed in parallel with the period of adaptation
to the environment, after adaptation to a warm
environment, a further reduction in sodium
concentration occurs with sweat during exercise.
This is interpreted as an increase in the response of

eccrine sweat glands to aldosterone (16).

In a study conducted by Armstrong et al (2) on
13 healthy men who were not acclimatized to the
heat, subjects exercised for 8 days in a room at
41.2°C and rested for 44 minutes. The 1st, 4th. On
the 8th days of the study, blood samples were taken
from the subjects before and after training and
plasma renin, angiotensin and aldosterone values
were evaluated. According to this, significant
increases in renin, angiotensin and aldosterone
values occurred in the measurements on the 1st and
8th days.

5.6. The Elevation

Many observations show abnormal RAA
response to exercise during hypoxemia (non-
hypobaric) or high altitude exposure. While some
authors report that renin values are low and high
after rest or exercise, the majority of studies show
that elevation has a suppressive effect on
aldosterone levels in both conditions (36, 49).
Furthermore, the difference between renin and
aldosterone response during hypoxemic exercise is
widely accepted (6, 31, 48). As a possible
explanation of this phenomenon, several different
mechanisms have been proposed, such as the
reduction in the conversion of angiotensin I to
angiotensin II, and the effect of an angiotensin II
inhibitor mediating aldosterone secretion, reducing
the time of pulmonary passage limiting contact
between angiotensin I and membrane-bound ACE.
(9, 36). Although there is no evidence of a-
adrenergic inhibitor mechanism, recent studies have
shown that ANP and digoxin-like factors are likely
aldosterone inhibitors (6). The difference between
renin and aldosterone response during height
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exposure disappears over time. This shows that
there is an adaptation mechanism.

Suppression of aldosterone response to
increased PRA after rest or exercise may have an
important role in preventing pulmonary edema and
excessive sodium retention in acute mountain
disease during rapid ascent to over-elevation (30).
Bocqueraz et al (4) subjected 13 male subjects to 60-
minute cycling exercise in the four cases, in
normoxia and hypoxia (PB = 594 hPa), 55% and 75%
of maximal aerobic power. Before exercise, Plasma
renin and aldosterone levels were measured from
blood samples taken at 15, 30, 45 and 60th minutes
of exercise. A significant variation in plasma renin
and aldosterone levels did not occur in exercise in
55% of maximal aerobic power in hypoxia and
normoxia, whereas a significant increase in plasma
renin and aldosterone levels occurred in exercise in
75% of maximal aerobic power in hypoxia and

normoxia.

5.7. Training

Although there is no evidence that training
affects resting levels of renin and aldosterone, renin
and aldosterone levels after exercise showed less
increase in trained people than untrained (19, 34).
This indicates that the fluid transfer from the
extravascular space to the intracellular compartment
is less during exercise.

Differently, some authors state that the increase
in renin and angiotensin II levels is similar between
trained and untrained individuals in studies where
hormone values are kept close to each other by
minimizing differences such as age, gender and
body weight. Studies in which the same group of
subjects as female basketball players are used show
that the increase in renin and aldosterone after
maximal exercise is significantly different according
to before and after the basketball season (33)

Patlar (42) had seven healthy sedentary men
performed exhaustion exercise on an acute cycling
ergometer. At the end of the study, before and after
exercise, the renin,
aldosterone levels 2 and 24 hours after exercise.
Plasma renin and aldosterone levels significantly
increased immediately after exercise. It was reported

measured plasma and

that renin and aldosterone levels 2 hours after
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exercise decreased to pre-exercise level and also
decreased to below rest level 24 hours after exercise.

Mannix and et al (32) subjected 10 healthy
sedentary men to exercise on a bicycle ergometer
with a load gradually increased until the fatigue
occurs. When the blood samples taken from the
subjects were evaluated, it was stated there was a
significant increase in plasma renin and aldosterone
concentrations during exercise (from Ald 11.2 + 2.2
18.8 + 3.4 ng/dl; Ren 5.1 + 1.1 to 8.2 + 1.6 ng/ml) (P
<0.05). And there was a positive correlation between
plasma renin and aldosterone concentrations (r =
0.80; P <0.001). Altenkirch et al (1) checked the
subjects' renin and aldosterone levels after a testing
marathon (42.195m.) applied to 16 well-trained men.
Before and after training, blood samples were taken
from the subjects after 3 hours and after 31 hours.
According to this example, significant increases in
renin-aldosterone concentrations occurred before
and after training. Hormones that regulate fluid play
an important role in providing fluid regulation
during and immediately after long-term physical
exercises. However, they do not show the same
effect in later periods (1).

5.8.The Type of Exercise

Intense physical exercise completely disrupts

body homeostasis. It causes metabolic and
hemodynamic changes not only in skeletal muscles
but also in distant organs. In response to acute
physical exercise, a reduction in glomerular
filtration occurs with stimulation of the renin-
angiotensin-aldosterone system (45). Patlar (43)
reported that acute and 4-week chronic submaximal
exercise applied to football players caused
significant changes in plasma renin and aldosterone
levels. Accordingly, acute and chronic exercise
increases plasma renin and aldosterone levels
significantly. Two hours of rest and fluid intake after
exercise reduces plasma renin and aldosterone levels
to pre-exercise level. In the male runners who
participated in
aldosterone levels gradually increased (500 km race

long-distance  running races,
of 18 laps over 20 days), accordingly, sodium
excretion decreased with urine and it was reported
that aldosterone and
returned to normal after 70 hours of rest (52). In
marathon runners, it was determined that

aldosterone secretion increased significantly after

sodium excretion levels

completion of the race and returned to normal after
22 hours (40, 47).
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Increases in PRA and aldosterone after maximal
exercise based on swimming were determined lower
than those observed after maximal exercise during
running (22). This phenomenon is linked to different
hemodynamic conditions between running and
swimming. As a matter of fact, the fluid change and
the water pressure caused by the horizontal position
can reduce the PRA response to exercise. While
Some other studies have confirmed that PRA and
aldosterone levels are lower after immersion, there
is no report of changes in renin and aldosterone
levels after maximal or submaximal exercise during
swimming (52). Ghaemmaghami et al (20) , in a
study performed on rats doing swimming exercise,
found a significant increase in plasma renin activity
after training in which maximal VO2 consumption
of rats increased by 10% and plasma osmolality
increased by 2%. After the training, While a 10%
decrease in body weight of rats and a 6% in blood
pressure occurs, a 10% significant decrease in
plasma osmolality and a 4% in Na concentrations
occur. According to these results, it can not be said
that swimming exercises lower blood pressure. In
another study, Warburton et al (54) randomly
divided 20 sedentary (30 years = 4) men into 3
groups (Control group, continuous running group,
interval training group). The exercise group subjects
followed their unique training program for 12
weeks. In the measurements after exercise,
significant variations were provided in Max VO2,
throb volume and blood pressures of the exercise
groups. While, in angiotensin II concentration, A
significant improvement was being obtained in both
groups 1 week after the start of exercise, but this
value returned to its normal level in the following
weeks. In addition, no significant difference was
found between the groups that were subjected to
different training programs in terms of hormones
providing fluid regulation.

CONCLUSION

Studies over the last 20 years have tried to
explain the role of the RAA system in the
physiological response to physical exercise.

In this review, an analysis of experimental and
clinical studies on this subject has been made.
Physical exercise leads to a number of changes in the
plasma levels of renin, angiotensin and aldosterone,
which represent the adaptation of the human body
to a new biological environment. In particular,
significant increases in plasma renin, angiotensin
and aldosterone levels occur in submaximal and
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maximal exercise intensity. Hormone levels return

to normal with the end of the exercise. Factors such
as age and gender, menstrual cycle, salt intake,
posture, thermal tension, elevation, training, type of

exercise have a major impact on the response of
RAA system to exercise. A relationship between
physical activity and enduring endocrine changes
could not be demonstrated.

In addition, many studies are needed to

demonstrate the behavior of the hormonal system
both during exercise and during the normalization
process after different conditions. New hormone
regulation mechanisms such as susceptibility to

aldosterone and angiotensin II and changes in

receptor number should also be investigated.
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