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Abstract

The present study was designed and conducted to study the rapid response of serum cortisol and
immunoglobulin A to one session of the progressive exhaustive run. The participants in the study
were 45 athletes, including those in the super league handball team (21 men) and first-division
basketball league and second-division football league (23 women) in Fars province who took part in
the study voluntarily. To perform the exercise, each participant used a treadmill in one session of
the progressive exhaustive run, starting from the speed of four miles per hour. Then, the speed of
the machine was increased by one mile per hour every two minutes until the participant was not
able to continue the activity. For measuring the density of cortisol and IgA, serum samples were
collected at the time of rest and immediately after the activity. The statistic t-test for correlated
groups was used for comparing the density of cortisol and IgA before and after the activity, and the
statistic t-test for independent groups was used for comparing women and men. The findings
showed that the density of serum cortisol increased significantly in both women and men after one
session of maximum progressive activity. On the other hand, the density of serum IgA (P > 0.05)
did not change significantly in either group of women and men with the maximum progressive
activity. The findings of this research showed that one session of maximum progressive exercise
results in remarkable changes in the density of serum cortisol in elite athletes and causes a
significant increase in its density. It can be concluded that the response of cortisol to physical
activity is quicker than that of IgA.
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Introduction

The world around us is full of infectious
agents which threaten humans everywhere.
However, the human body is endowed with
the required defence mechanisms to fight
these elements off. Physical fatigue as a result
of physical activity (especially after sports
activities) is among the factors which can
affect the functioning of defence mechanisms
of the body. Therefore, if the volume and
intensity of the exercise exceed the
physiological capacity of the athlete, they can
disrupt many physiological processes and
cause hormonal and immunological disorders.
These changes can have unfavourable
consequences; therefore, they should be
controlled.

Cortisol is the most important catabolic
hormone in the body. Cortisol is a steroid
hormone which is released from the Adrenal
cortical part and its effects are mostly
catabolic. The response of cortisol to stress
has always been regarded as an indicator of
work pressure. Numerous findings show the
relationship between cortisol and work
pressure. This stress can be induced by
psychological stressors such as daily work
pressure or physical activities (24, 8) which
can result in a decrease in performance during
work or competition.

The most long-term response of cortisol to
the stress-inducing factor was seen 24 hours
after the effect of the factor (14); but the
suppression of the immune system is one of
the effects of cortisol and the serum, plasma
and salivary levels of this hormone increase
during and after physical activities; therefore,
the decrease in the levels of IgA is also
attributed to the increase of the levels of
cortisol because the increase in the levels of
cortisol affects B lymphocytes and prevent
the production of antibodies and decrease the
production of immunoglobulins (18, 26).
Jacks et. al. (2017) in a study entitled “Effect
of Exercise at Three Exercise Intensities on
Salivary Cortisol” concluded that low- and
medium-intensity exercise cannot change the
density of cortisol but high-intensity exercise
results in a significant increase of the density
of cortisol (13). On the other hand, the
immune system is one of the important
systems of the body which protects the body
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against foreign and pathogenic agents. The
human body is always in contact with
bacteria, viruses, fungi and parasites;
therefore, without the immune system or even
its weakening, life becomes very hard or even
impossible (12). IgA is one of the most
important immunoglobulins in various body
secretions. Tear, milk (especially cholesterol),
nasal secretions, mucous secretions of the
respiratory system, mucous secretions of the
digestive system (saliva and bile) and genital
system secretions are among the most
important secretions in which a great amount
of IgA is found. IgA is the most essential
antibody in the external secretions and has an
important biological function in this area.
During the primary immunological defence of
the body against local infections in areas such
as the respiratory system, this antibody is of
great importance. In addition to its protective
role against local infections, IgA acts as a
bactericide against gram-negative organisms.
But this activity happens only in the presence
of lysosome which exists in secretions which
contain secretory IgA (4). Some studies have
shown that in athletes, Upper Respiratory
Tract Infection (URTI) increases after intense
physical exercises and competitions. Gleeson
et. al. (2016) believe that changes in the
density of cortisol after sports activities are
dependent on the intensity and duration of the
physical activity of the athletes (11). Ring et.
al. (2015) studied the effects of competition,
sport and mental pressure on the secretion of
the immune system in 62 young active men.
The participants were placed in one of the
four conditions of 8-minute tasks: mental
calculations, cycling with a workload of 60 to
120 watts, competitive cycling, and mental
calculations during cycling. The results
showed that mental calculations result in a
significant increase in the density and
secretion of IgA in comparison with the state
of rest, but competitive sports alone cannot
affect the amount of secretion and the density
of IgA (21). Theories say that as a result of
participating in competitive sports, mental
pressures decrease the secretion of IgA and
make the individual more exposed to
infection (21). Demtitriou et. al. (2017)
studied the densities of secretory IgAnd
salivary cortisol in elite swimmers and

3590



The Effect Of One Session Of Progressive Exhaustive Run On The Rapid

Section A-Research Paper

Response Of Serum Cortisol And Immunoglobulin A In Elite Athletes Of Fars Province

observed that exercise does not have a
significant effect on the density of secretory
immunoglobulin, but there was a significant
difference between the density of cortisol
before and after the exercise (6). Other
findings, though, concluded that as a result of
physical activity, both the density and the
secretion of IgA decrease or remain
unchanged (17, 25).

Regarding such contradictory results, the
researchers found it necessary to study the

effect of one session of progressive activity
on the density of serum cortisol and IgA in
elite female and male athletes to find suitable
solutions for the improvement of sports
championships in Iran from the perspective of
the sports community, hoping that with the
implementation of these solutions, our
athletes be more successful in their
performances.

General Unit All athletes Male athletes Female athletes
characteristics N =45 N=21 N =23
Age year 22.47 +/- 3.375 21.41+/- 45.156 23.32 +/- 2.394
Weight kilogram 71.02 +/- 13.606 80.81 +/- 9.978 61.05 +/- 6.05
Height centimeter | 175.53 +/- 8.683 182.37 +/- 7.173 169.78 +/- 4.781
Body fat percent 55.87 +/- 5.78 13.94 +/- 4.687 17.78 +/- 6.879
Maximum oxygen | ml/kg.min 55.15 +/- 7.396 57.15 +/- 9.798 53.13 +/- 4.994
consumption

Table 1 — General characteristics of participants. Information based on mean and standard deviation

Research Methodology

The participants in the study were 45 athletes,
including those in the super league handball
team (21 men) and first-division basketball
league and second-division football league
(23 women) in Fars province who took part in
the study voluntarily. None of the participants
had a history of hormonal disorders or was
under medical treatment at the time of the
study. the general characteristics of the
participants are presented in Table 1.

Physiological measurements: The present
research was conducted in two separate
sessions with a 48-hour interval but at similar
hours of the day (to minimize the effects of
circadian rhythms) in the Championship Site
Salon of Shiraz. The procedure in each
session was as follows: in the first session,
the participants filled out a medical
guestionnaire and a consent form created by
the researchers and got familiar with the way
the protocol would be carried out. Their
personal information was also recorded. In
the second session, each participant
performed a maximum progressive activity
on the electronic treadmill model HC1200 of
the Technogym brand made in lItaly. For
evaluating and measuring the maximum
oxygen consumed by the participants, the
1600-meter run test on the treadmill was
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used. For measuring the participants’
subcutaneous fat, the calliper was used in
seven areas of the stomach, thighs,
subscapular, supraclavicular, triceps brachial,
armpit, and chest was used; and for the
percentage of body fat, Jackson & Pulak
formula was used.

One session of progressive running: To
warm up, the participants started running on
the treadmill at a zero-degree slope and a
speed of four miles per hour. After three
minutes, the speed of the treadmill was raised
by one mile per hour; and after this, the speed
of the machine was increased by one mile per
hour every two minutes without taking any
rest. Running continued until the participant
was not able to continue the activity and
announced his/her physical exhaustion.

Collecting Serum: For studying the rapid
response of cortisol and IgA, serum samples
were collected in two stages, before and after
the activity. Four millilitres of blood were
collected from each of the participants before
and immediately after the activity. The
samples were centrifuged on the spot to
prevent coagulation. All collected samples
were stored at the temperature of minus 20
degrees centigrade to be used later for
measuring cortisol and IgA. Because the
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secretion of cortisol follows a circadian
rhythm, all blood samples were collected
between 8 to 12:30 a.m. Also, to eliminate
any disruptive effect, collecting samples from
the participants was carried out in identical
situations.

Measuring Cortisol and IgA. The density of
serum cortisol was measured by Monopole

Kit with the use of the Elisa method by a kit
made by Radim company in Italy with a
sensitivity of 5 nanograms/ml. Also, the kit
made by Binding Site company in England,
the nephlimetry method and also the
Minineph device were used for measuring the
amount of IgA.
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Chart 1: The response of cortisol (Nanograms per milliliter) to one session of activity for women
and men (information according to mean and standard deviation)
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Chart 2: The response of immunoglobulin (Nanograms per milliliter) to one session of activity for
women and men (information according to mean and standard deviation)

Statistical Method

All data is reported based on mean and
standard deviation. The statistic t-test for
correlated groups was used for comparing the
density of salivary cortisol and IgA before
and after one session of exhaustive activity,
and the statistic t-test for independent groups
was used for comparing women and men. All
statistical computations were done by the use
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of SPSS16 software and the level of
significance was considered P < 0.05 for all
computations.

Findings of the study: There was no
significant difference in the resting levels of
cortisol between women and men (P > 0.05).
Performing one session of activity to the level
of exhaustion resulted in a significant
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increase in the density of serum cortisol in
both women and men (P < 0.05). There was
no significant difference between the levels of
density of cortisol after exercise for women
and men. In other words, there was no
significant difference in the response of
cortisol to physical activity between the two
groups. The density of IgA was not
influenced by one session of progressive
exercise, either in women or in men (P >
0/05). Also, there was no significant
difference between the amounts of IgA before
and after exercise among men and women.

Discussion

According to the first finding of the present
study, after one session of progressive
activity, the density of serum cortisol
increased significantly. This finding is in
contrast with the findings of Moya and
Salvador (2013) and Rimmele and Zellweger
(2017); while it is consistent with the findings
of Dimitriou et. al. (2017), Jacks et. al. (2017)
and Filaire et. al. (2008) (6, 9, 13). It is
suggested that the measurement of cortisol is
one of the important hormonal factors in
determining the physiological pressure caused
by exercise. In many studies, the researchers
concluded that a change in the density of
cortisol is dependent on the intensity and type
of the exercise and also its environment and
the level of preparation of the participants and
their psychological pressure (16). The
intensity of the sport has the most important
role in comparison with other factors such as
the duration of the sport (27).

There are different mechanisms which
explain the reason for the increase in cortisol
density after sports activities. The first
suggested mechanism is the increase of
hormone secretion from the adrenal cortical
part, and the role of the liver in reducing
metabolic clearance during physical activity
does not have an important role in the
increase in the density of the hormone, and
the amount of hormonal secretion is more
important than the amount of its
metabolization (15). The stimulation of the
Hypothalamic-  Pituitary-  Adrenocortical
(HPA) axis and the increase in the secretion
of ACTH from the pituitary gland is
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considered the most important factor in
stimulating the secretion of cortisol (15, 2).
Therefore, the most important nervous and
psychological system attacked by stress is the
pituitary gland-hypothalamus axis (2); as
such, during physical activity, the
Hypothalamic-  Pituitary-  Adrenocortical
(HPA) axis is activated and the secretion of
the hormone increases (3). The HPA axis is
stimulated by anaerobic metabolism products
such as accumulated lactate, PH drop and
hypoxia.

Previous studies had shown that running on
the treadmill for 8 to 12 minutes increases the
density of ATCH up to 10 times. In this
situation, the density of cortisol increases
parallel to the increase in ATCH (3). In the
present study, the participants ran for an
average of 11 minutes on the treadmill.
Although the density of ATCH was not
measured, we can expect a remarkable
increase in the density of ATCH according to
the findings of the previous studies.
Therefore, the increase in cortisol density can
be attributed to the increase in ATCH
density.

The increase in core temperature and the
decrease in PH are other mechanisms for
increasing the density of cortisol, especially
free cortisol (5). Filaire et. al. (2008)
researched the comparison between the
density of cortisol in swimmers and handball
players and concluded that cortisol levels
increased significantly in handball players but
did not have a significant increase in
swimmers (9). Because the participants of the
present study are male handball players, the
findings of the two studies are consistent.

In the present study, after one session of
progressive activity, the response of cortisol
showed a significant increase which suggests
that the participants of the study have endured
extreme physical pressure. It is completely
known that the quality of the exercise and the
stressful stimuli in addition to the duration
and intensity of the exercise have significant
effects on the response of cortisol secretion.
Therefore, it can be argued that one of the
most important stimulants for the secretion of
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cortisol is intense physical activity (13).
Considering the findings of the study, it can
be noted that there are differences between
the findings of this study and the previous
studies because there are differences in the
type of sport, the exercise environment, the
intensity and duration of the exercise, the
level of physical preparation of the
participants, the participant’s age and gender,
their nutrition and their psychological
pressure.

The other finding of the study showed that the
density of serum IgA after one session of
progressive activity did not change in either
male or female groups. This finding is
consistent with the findings of Ring (2015)
and Dimitriou et. al. (2017); but is in contrast
with the findings of Gleeson (2016), Fahlman
and Engels (2015) and Tharp and Barnes
(2010) (25, 11, 7). The most abundant and
frequent IgA is produced locally and has a
short lifespan and can selectively attach to
antigens (such as microbes) and in this way,
prevent antigens from attacking or
penetrating the mucosal surface (1).
Researchers  have  proposed  different
mechanisms for explaining the changes in the
density of IgA: the amount of the secretion of
suppressive hormones of the immune system
such as cortisol, epinephrine, and Enkephalin,
the activity of The sympathetic nervous
system, physical and psychological stress and
the decrease in the flow of saliva (10).
Gleeson et. al. (2016) believe that performing
intense exercises results in the weakening of
IgA, or other words, the weakening of the
immune system (11). However, in the present
study, the intensity of the exercise did not
have a significant effect on the density of
IgA. Rimmele and Zellweger (2017) argued
that the change in the immune system and the
sensitivity to infection in sports events are the
results of psychological demands on the
athletes rather than physical demands (21).
Considering these findings, it can be noted
that the reason for the difference between the
findings of the present study and the previous
studies lies in the difference between the
intensity and duration of activity and the
participant’s level of physical preparation.
Therefore, while designing training programs,
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holding preparatory camps and preparing
competition schedules, it is necessary to take
care of minimizing their negative effects on
cortisol secretion and athletes’ immune
systems.

Conclusion

The findings of the present study showed that
one session of maximum progressive activity
by elite athletes results in a significant
increase in the density of serum cortisol but
does not change the levels of IgA.
Accordingly, it can be concluded that
progressive activity may not affect the
immune system, but it increases cortisol
density. It can be argued based on the
findings of the study, the response of cortisol
to physical activity is quicker than that of
IgA. In other words, this hormone is more
sensitive to sub-minimal activity than IgA.
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