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Agonistic sport represents a physically stressful situation associated with the release of
catecholamine and cortisol that in turn influence the immune system.
This study aimed to investigate the influence, in a team of water polo players, of the emotional
processes characterizing the phase of waiting for the race on endocrine changes at the end of an
official match.
Thirteen professional water polo players participated in this study. Each player provided two saliva
samples before and after three different time phases: (1) rest time, (2) workout and (3) competition.
The results of the present study showed a significant increase in salivary cortisol levels before and
after the competition and after workout sections. Our research confirms that the changes observed
in athletes after the official competition depend both on the effects of the psycho-physical stress of
the race and on other behavioral factors present before the athletic competition.
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1. Introduction
Physical and psychic stresses activate different systems of the organism,
such as the hypothalamic-pituitary-adrenal (HPA) axis, the sympathetic
nervous system and the immune system. The corticotropin releasing
hormone (CRF) plays an important role in transmitting the message.
While, on one hand, it stimulates the sympathetic nervous system by
increasing the secretion of adrenaline, on the other, it accentuates the
secretion of cortisol by increasing the release of adrenocorticotropic
hormone (ACTH) [1-4].
In humans, exercise stress determines different bio-temporal responses in
relation to the intensity and duration of the effort exerted and to the degree
of training of the subject. In particular, prolonged physical exertion as
well as intense physical work increases the serum cortisol levels,
accentuates the release of adrenaline and increases the cytokines serum
levels [5-7].
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Moreover, as a result of acute physical stress, the central nervous system
(CNS), independent from the activation of the HPA axis, is able to
influence the activity of the immune system by increasing the release of
adrenaline [8].
Several studies have shown a correlation between testosterone levels and
the different agonistic activity performed, indicating how, during official
competitions, there is a positive correlation between athletes’ offensive /
aggressive behavior and the increase in serum testosterone concentration
[9-11]. The correlation between hormones and psychophysical stress has
therefore been widely studied in athletes who practice individual sports as
compared to athletes who practice team sports in which the outcome of
the game depends on the commitment of all athletes [12].
The aim of this study was to investigate, in a team of water polo players,
the influence exerted by the emotional processes, that characterize the
phase of waiting for the race on endocrine and immune changes, found at
the end of an official match, comparing them with the variations observed
before and after a normal training session, similar in intensity and
duration.
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To this end, a non-invasive technique for the determination of activation
of the HPA axis has been applied by usingcardiovascular parameters such
as heart rate, blood pressure and salivary cortisol levels, before and after
the various workout sessions.

2. Methods
Subjects
Players of an agonistic “male water polo team” (N=13) gave their written
consent to participate in this study after they had been made acutely aware
of the experimental procedure. All participants trained three to four times
a week for 2 hours, and had a water polo match on the weekend. Basic
anthropometric data of players are shown in (Table1). In April, all players
participated in three different experimental sessions: rest time (trt),
workout (two)and competition (tc). Each single session has been carried out
in different days but at the same time points, with the scope to better
monitor the circadian rhythm.
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Statistical Analysis
Data on salivary cortisol levels, expressed in μg/L were analyzed by a
two-way analysis of variance for repeated measures (RM two-way
ANOVA), considering “salivary cortisol plasma levels during different
training sessions” as the subject factor in between, and “time” before and
after as the repeated measure factor followed by a Bonferroni post-hoc test
(α= 0.05). Data of the salivary cortisol, before and after different training
sections were analyzed by separate students’ t-tests for two tailed unpaired
measures. Data are reported as ± SEM. Statistical significance was set at
p-value<0.05.

3. Results
Salivary Cortisol Levels
Salivary Cortisol levels expressed in μg/L were analyzed by a RM twoway ANOVA, that indicated significant effects of different trainingsession
[F(2.36 )=433.95; p<0.0001], time [F(2.36 )=421.45; p<0.0001] and their
interaction [F(1.36 )=1002.13; p<0.0001]. Results by Bonferroni post-hoc
test showed an increase in salivary cortisol levels during the tc at both
points, t0 (t=13.21, p<0.001; t=13.67, p<0.001) and t1 (t=36.36, p<0.001;
t=29.29, p<0.001), respective to trt and twosections. Furthermore, an
increase in salivary cortisol levels was also detected at time t1in two session
(t=13.21, p<0.01) compared to the trtsession (Figure 1).
Statistical analysis from the mean of salivary cortisol, at timet0and t1the
different training sections, showed a significant increase of salivary
cortisol levels after the two and tc (t=8.179, df=24, p<0.001; t=24.54,
df=24, p<0.001) respective to cortisol levels detected att0starting two or
tcsections (Figure 2).

Table 1 - Basic anthropometric data. Value are shown as mean.

Sample collection and analyses
Before (t0) and after (t1) every experimental section, salivary cortisol
samples were always collected in the afternoon on test tube wipes
(Sarsted, Germania). The concentration of salivary cortisol was measured
using the ELISA Competitive Immunoassay (Enzyme Linked
Immunoassorbent Assay) method provided by the company DRG
Diagnostics. The samples treated in this way were analyzed with Sorin
Biomedica's Eti-System Fast Reader S800 reader.
All subjects were asked not to practice physical activity within 24 hours
prior to each test session and to consume a light lunch 3 hours beforethe
session. The trtsession was conducted to inform the athletes of the
objectives of the study and to plan the research. During the trt session, an
additional two samples of saliva were taken. One week after the trtsession,
the training session was held, during which a physical effort similar to that
of the official meeting was reproduced by the water polo players. Finally,
after an additional 10 days, the official tctook place.

Figure 1 - Comparison of the differences in salivary cortisol levels
(ug/L) in water polo team during three different training sessions:
rest time (trt), workout (two) and competition (tc).Each value
represents the mean ± S.D. of thirteen players. *p<0.001 vs. trt;
°p<0.001 vs. two; @p<0.01 vs. trt.
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In particular, the emotional tone of the period preceding the official
competition represents an important factor of modulation of the
hypothalamic-pituitary-adrenal axis, which is fundamental in determining
the physical performance of the athlete during sports performance.
Finally, in consideration of the limited number of subjects submitted to
our study, further experimental research are needed to elucidated and
confirm the results of the present study.
Study supported by a grant from FFABR 2017

Figure 2 - Comparison of the differences in salivary cortisol levels
(ug/L) in water polo team before (t0) and after (t1) different training
sessions. Each value represents the mean ± S.D. of thirteen players.
°p<0.001 vs. t0.

4. Discussion
Many researches have revealed that people with different job-related
problems such as unemployment, low salary, shift work or particularly
laborious jobs, have a significant risk of health problems, such as
depression, alcohol use disorders and sleep disorders [13-14].
Furthermore, different studies indicate that prolonged physical exertion
like the this induced by official sport competitions differently influence
the immune responses of athletes, as compared to uncompetitive sports
activities, confirming the correlation between hormonal and immune
changes and aggressive offensive behavior expressed during the game
[15-17].
This research has investigated the influence of the emotional processes
that characterize the waiting phase of the competition on specific
hormonal responses that occur during the game in a team of professional
water polo players. Before the competition, salivary cortisol levels
increased as compared to those observed before the training session.
These results agree with various studies that indicate that psychic stress
before the competition induces cortisol secretion [18]. The increase in
cortisol levels in the period preceding the competition plays an important
role for the activation of competitive behavior and the mobilization of the
physiological resources necessary to prepare the athlete for the race.
Cortisol levels are also increased at the end of the competition compared
to the training session. Furthermore, an increase in cortisol levels was
observed at the end of training, compared to the period of rest. A
significant variation in cortisol levels was also reported both before and
after training and on the day of the competition.
Our results, therefore, suggest that the high level of emotion reached by
athletes before the race plays a fundamental role in enhancing the
stimulating effects of the psycho-physical stress of the game on the release
of cortisol. In conclusion, the results of our research confirm that the
changes observed in athletes after the official competition depend both on
the effects of the psycho-physical stress of the game and on other
behavioral factors present before the competition.
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