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ABSTRACT

This study aimed to summarize effects of running on the glucocorticoid, mineralocorticoid and androgen system. Interaction between
running and the CRH-ACTH-Adrenal gland System with its interaction on steroid hormone level are not finally understood. It seems that
the System mainly plays a role of intermediation. Some hints exist, that before running due to anticipation cortisol levels start to rise and
peak during running. Normalization of concentration in healthy humans even after large exercises such as marathon running, 1000km
running or crossing Alaska occurs within one week. In contrast to glucocorticoids androgens seem to be lower after running. For different
androgens such as Testosterone or Dihydrotestosteron sulfate a decrease could be detected after exercising. For mineralcorticoid effects
are heterogeneous, probably due to direct feedback via Renin-Angiotensin-Aldosterone System and therefore ACTH which parallel
influences Cortisol secretion. Trying to decipher effects of training, it is to mention, that effects on steroid hormones are dependent on
intensity — e.g. interval versus long-jog — as well as of absolute time of exercising. To sum up, especially the increased cortisol levels and
decreased testosterone levels could yield to a manifestation of a different phenotype of endurance versus strength athlete. The ratio of
Cortisol to Testosterone seems to be relevant for a phenotypic development. This ratio determines anabolic (high-ratio) versus catabolic
(low-ratio) effects on different organ system e.g. skeletal muscle and can influence the development of a specific somatotype.
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INTRODUCTION

Exercise has a lot of healthy effects on different organ systems
[1-3]. In the last decades it became evident, that for many illnesses
such as some forms of cancer, diabetes type 2, dyslipidemia,
metabolic syndrome, hypertonia, obesity, osteoarthritis, rheumatoid
arthritis, myositis, osteoporosis or fibromyalgia physical activity is
recommended where earlier counter instructions were made [1,2].
For many of these illnesses some form of low-grade inflammation
are causative, while physical activity can inhibit inflammation
cascades [1,2]. From an evolutionary point of view it is to mention
that survival of Homo sapiens during evolution was dependent on
the procurement of food, which in turn was dependent on physical
activity [1,4]. Hence, gene selection (so-called “thrifty genes”) in
the Late-Paleolithic era was influenced by physical activity [1,4].
Furthermore, convincing evidence shows that this ancient genome
has remained essentially unchanged over the past 10000 years and
certainly not changed in the past 40-100 years [1,4]. These ‘thrifty
genes” in combination with physical activity have various effects on
different organ systems [1,3-5]. Thereby the Adrenocorticotropic
Hormone (ACTH) System seems to play a key role in the feedback
cascade [3,6]. Through different physical and psychical stimuli over a
central adaption via hypothalamic Corticotropin Releasing Hormone
secretion (CRH) to a stimulation of ACTH with secondary release
especially of Cortisol mainly in the Zona fasciculata of adrenal gland
[6,7]. Thereby interaction between mineralocorticoid and androgen
system result, whereby these mechanisms are only partly controlled
by ACTH [3]. This system played a major role in the evolution and is
an essential element of sympathetic nervous system [4,6]. The survival
of homo sapiens during evolution was dependent to gain nutrition
which required the necessity to be physical active and required a
constant activation and deactivation [4].

Evidence of effects of physical activity on glucocorticoid,
mineralcorticoid and androgen system as well as its intermediator
- CRH - ACTH System - through running has to be taxed as
heterogeneous and fragmented. The sensitivity of the system
astonishes e.g. the psychological dimension due to the fact that
hints exist that Cortisol'® even before an exercise as consequence
of anticipation of exhaustion start to rise [8]. Analyses show that
Cortisol increases significantly two days before physical activity
and showed an excess 24 h after [8]. A number of hints exist

13Serum Cortisol and Salivary Cortisol levels showed high signifi-
cant correlation implying some irrelevance of method of measurement
[11,12].
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from different studies that different forms of training (moderate
to intensive) yield to an increase of circulating Cortisol levels
[8-10]. Trying to start on ACTH level, physical activity such as
running vields to an increase of ACTH release respectively broader
Hypothalamus-Pituitary-Adrenal (HPA) Axis is stimulated via CRH
[13]. To sum up CRH release as consequence of physical activity
stimulates ACTH, stimulates Cortisol in adrenal gland. To come to
a first understanding, physical activity has lots of protective effects:
CRH - ACTH system mediates Cortisol over different mechanism.
Physical activity can protect from a number of illnesses especially
those involving inflammation processes while inhibiting systemic
inflammation factors (Glucocorticoids respectively Cortisol inhibit
inflammation) and through releasing of anti-inflammatory cytokines
(so called Myokines) from musculature such as IL-4, IL-6, IL-7, IL-
15 promoting muscle hypertrophy [2,14,15]. These Cytokines, also
called Myokine, are produced and released by the exercising skeletal
musculature and allow to have a secondary effect in other organ
systems [16-18]. Thereby a bunch of intermediates’ can be mentioned
such as IL-6, TNF-a, Leptin, Adiponectin, Ghrelin, Resistin,
which are involved in the regulation of metabolic equilibrium and
communicate metabolic states between organ systems from muscle to
hypothalamus and liver and fat tissue, whereby AMPK System seems
to be an important Integrator especially for endurance activity [2,5,19]
(Figure 1). If stimuli are presented to hypothalamic an ACTH release
occur which secondary affects adrenal gland and stimulates therefore
stress cascade with glucocorticoid activation. Furthermore, physical
activity seems to have protective effects not only via CRH - ACTH
System but even more broad on cytokine and myokine level [2]. For
skeletal muscle especially IL-6 can be mentioned, which seems to
have a positive effect on health over inhibiting cytokines respectively
inhibiting low-grade inflammation [20]. Mainly IL-6 was identified
as so-called exercise Factor, which is mainly produced by contracting

Stimuli-Gen - Phenotyp ~ 2°0Vales  fiypothalamus
Hypophyse

ACTH - Release

adrenal gland
Cortisol and Testosterone

Figure 1: CRH-ACTH System and its reaction upon running [3,7].
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muscles and secreted to blood yielding to an induction of lipolysis as
well as a suppression of TNF production and a stimulus of cortisol
production [20]. Physical activity works protective against low-grade
inflammation - especially over inhibiting of TNF and IL-6 production,
whereby for these reasons training is recommended for illnesses,
where earlier physical activity was contra induced [2,5,17,21]. Even
in high-trained endurance athletes changes in IL-6 were reported as
consequence of running [22]. A period of increased training intensity
suppresses immune system inhibiting low-grade inflammation [22].
Especially role of skeletal muscle has to be mentioned which is a tissue
with a share of about 40% of total body weight and is besides fat tissue
a main player of energy balance and acts as puffer for the mentioned
illnesses e.g. in the rheumatic field [6]. The organ needs over 30% of
energy and is therefore a primary player of insulin stimulated glucose
release which is relevant for Obesity and Diabetes, both illnesses are
positively influenced by physical activity [1-3,6,23].

Evidence from Running

Trying to decipher effects of running on glucocorticoid, androgen
and mineralcorticoid system findings from marathon can be
mentioned. Karkoulias et al. [24] investigated immediately after a race
and 1 week later in well-trained recreational runner’s steroid profiles.
Cortisol (C) was increased one hour and interestingly Androgens
(Androstenedione & Dehydroepiandrosteron-Sulphate (DHEAS))
seemed not to be involved. Total Testosterone (T) as well as free were
significantly reduced one hour after the race [24]. The race yielded to
an increase in C-levels and a decrease in T-levels, whereby one week
later values were normalized [24]. Furthermore, Franca et al. [25]
analyzed hormone concentrations during a Marathon. At the end of
the Marathons T was significantly reduced and C increased.

Even on mineralocorticoid level it was detected that Aldosterone
was significantly increased [26]. Ponjee et al. [27] conclude that
Marathon running yields to an increase of C. In contrast to other
findings also an increase of Testosterone was detected [27]. They also
detected increase of DHEAS which acts as androgen [27].

Also, from mountain- respectively Ultra marathon some findings
exist C, T, free T as well as the Ratios between free T and C were
measured in athletes participating in a mountain marathon (3,860
Meter/ peak 5100 Meter/ arrival 3,400 m) [28]. It was measured on
sea level, whereby Cortisol increased after Acclimatization and after
the Ultra marathon; Testosterone was reduced after Acclimatization
and after the race and came to normal range within 24h after the race
[28].

There seems to be an effect of expectation yielding to an
additional ACTH Stimulation with secondary increase of C-levels.
These findings are conceivable with other findings of Oltras et al.
[10], whereby effects of hormone levels in expectation of a race
(about half-marathon distance) were analyzed. The ACTH Levels
increased before the race and further after the race implying that
physical and psychical activity are interacting [10]. Alterations in
adrenal- sympathetic nerve function were indicated by increased
levels of cortisol, epinephrine, and norepinephrine after Marathon in
analyzed elite runners [29].

From ultra-marathon field investigations from 1000 km run
from Sydney to Melbourne of highly trained athletes exist, whereby
rest levels of Adrenalin, Noradrenalin, Dopamine were significantly
increased, as well as C and ACTH-levels [20]. As a model of
chronic physical stress, the ultra-marathon runner demonstrated
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a significantly altered baseline hormonal state as reflected in the
primary mediators of the stress response, the catecholamines and
the hypothalamic-pituitary-adrenal axis [20]. Their response to
severe exercise is distinct from that of untrained individuals in which
conjugated catecholamines decreased and ACTH increased, which
may represent hormonal adaptation to prolonged stress [20].

Also, for solely females some investigations exist. In a comparison
between incremental exercise and marathon running experienced
female marathon runners volunteered to run to exhaustion according
to an incremental treadmill protocol [30]. Four weeks after running
a marathon ACTH and cortisol concentration immediately prior
to the laboratory treadmill test, 3, 30 and 60 min later, as well as
prior to the marathon, after 60 min and 120 min of running and 3,
30 min, and 24 h after completion of the run were analyzed [30].
Mean marathon running time was 3.22 h and for ACTH the baseline
concentration was increased by 8.3- and 10.3-fold, respectively [30].
Cortisol concentration rose exponentially from a baseline and peaked
at 2.2-fold 30 min after the run, when the maximal concentration also
had been reached after the treadmill test, increasing 1.3-fold from
baseline [30]. The maximal values for cortisol concentration after
both exercises differed from each other, while the maxima of ACTH
were similar [30]. ACTH concentration declined more slowly during
the recovery after the marathon than after the treadmill and Cortisol
concentration was below baseline 24 h later [30,21]. In comparison,
with men studied earlier, female marathon runners showed lower
baseline concentrations and larger increases in ACTH concentration
after both types of exercise [30,21].

To sum up, running yields to a stimulation of ACTH with
secondary release of Cortisol. Situations concerning androgens - e.g.
Testosterone - is probably less clear whereby a decrease after running
seem to occur [20,28,31-33].

Broad Interaction and Stimuli Release

Focusing broader on Hypothalamus Hormones Dessypris et al.
[20] measured C, ACTH, Thyroid Stimulating Hormone (TSH) and
Anti Diuretic Hormone (ADH) concentrations in runners starting at
a marathon race. After the race middle concentrations of C, ACTH
and ADH were significantly increased [20]. Interestingly TSH was
not altered, implying a main mediator function of CRH-ACTH
System [20]. The change of ADH probably result due to interaction
with RAAS (Renin-Angiotensin-Aldosterone System) respectively
ACTH. Addressing an even broader view for obese human findings
indicate that cortisol respectively testosterone homeostasis is altered
[3]. It was shown for adipose people, that C levels were normal or even
low compared, but when corrected for mass per distribution volume
increased [34]. Further ACTH response was reduced and Cortisol
response was better in normally weighted than adipose humans [35].

Further distance of running has an effect of release of Cortisol
and Testosterone [13]. For three groups of runners (100, 1500, 10000
meters respectively) ACTH and Cortisol were measured pre- versus
post-race, whereby runners showed a significant increase in ACTH
and Cortisol after the race and percentage increase in 1500 Meter and
10000 Meter was higher than in shorter distance [13].

A further study explored changes in ACTH before and aftera4 h
pedestrian race with measurements 10 min before and after the race
[36]. After the race C-levels was 2.8 fold and ACTH-levels 3.5 fold
increased [36]. A significant positive correlation between increase of
ACTH and the absolved distance could be detected and between the
increase of basal and post-race values of Cortisol and ACTH [36].
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Effects of different exhaustive training programs on plasma levels
of ACTH and Cortisol were elucidated. Runners were divided into
a Sprint-Interval group, an endurance group or a combination [37].
Training was observed during 10 weeks and treadmill tests were
conducted after 2, 4, 6, 8 and 10 weeks [37]. Significant exercise-
induced increases in plasma ACTH and cortisol were observed for
both pre- and post-training tests in all training groups. The Sprint-
Interval group demonstrated significant post-training increases in
ACTH and cortisol concentrations in response to maximal exercise
implying that with Interval training responsiveness of ACTH
system can be trained [37]. These findings could not be detected for
other training methods pointing out relevance of Interval training.
Immunological changes of hard strength- versus endurance training
were part of further investigations, whereby Cortisol, ACTH, IL-6
increased 5 h after workout [38]. Physical activity increased ACTH,
C as well as Leukocytes and T-cells but yielded to a decrease of
B-cells [39]. A relationship between psychical activation and immune
response via Interleukin and Cortisol could be shown [40]. Hints
exist that not only CRH stimulates ACTH release but also ADH
whereby it's likely to suggest that an interaction with RAAS occurs
[41]. As already mentioned, intensity seems to have an influence on
ACTH release. Hints exist, that moderate physical activity (50-80%
of VO,max) does not yield to a ACTH release but higher intensities
of more than 90% of VO,max are necessary [42]. To conclude, hints
exist that amount of Cortisol secretion is directly proportional to
running intensity and running time [43].

Stimuli Already Centrally Released and Modulable Over
Time

The pre-modulator CRH seems to be affected by running.
The answer of CRH was analyzed while running on a treadmill by
endurance athletes [44]. The mean plasma level of CRH increased 4.9
fold in men and 7 fold in women [44]. Concentration of Corticotropin
increased significantly while anaerobic exercise tests. An answer on
sub-maximal race without exhaustion could not detect significant
changes [44].

Plasma concentrations of Aldosterone as well as ACTH were
investigated while different tread mill intensities (50, 70 and 90% of
VO,max) [45]. Men with little training and two groups of men with
different training state (moderately trained, 15-25 miles/week, highly
trained, more than 45 miles/week) were investigated concerning
aldosterone homeostasis [45]. Acute physical activity was associated
with increased Plasma aldosterone and ACTH activity, in all groups
with intensities of 70 and 90% of VO,max [43]. There were now
differences in trained and untrained [45]. The activity based increase
of Plasma aldosterone concentration did not correlate with other
regulatory concentrations [45].

The Hypothalamus-pituitary adrenal gland as well as the gonadal
axis was analyzed in elderly long distance runners (68.9 +/- 4.2 years;
training: 65 +/- 20 km/Week in the last 20 years) and in sedentary
older subjects (year: 69.1 +/- 2.6 years) through an aerobe training
while 20 Weeks (3 times per week/ 30-60 min running) [46]. Also,
a Dexamethasone suppression test which induced an adrenal
suppression, CRH and LHRH Stimulation as well as an exercise
challenge (30 min Ergometer with 65% VO,max) was conducted [46].
Basal and post-DEX Plasma concentration of ACTH, Cortisol, LH,
FSH and T differed not between runners and sedentary older subjects
after Dexamethasone suppression test but interestingly, the basal free
T was significantly lower in RUN versus SED [46].
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The influence on hypothalamus was explored in a 6-week training
(6 times a week) on Bike ergormeter while 31-33 min during 4 days
each week with 90-96% (week 1-3) and 89-92% (week 4-6) at 4
mmol Lactate threshold on the first day and on day 21, with Interval
training 3-5 x 3-5 min additionally every 2 days per week 117-127%
and 115-110% [47]. A combined serum hormone level and pituitary
test were made with artificial TRH, GNRH, CRH before and 6 weeks
after training and 3 weeks after recreation [47]. TSH and STH did not
change [47]. ACTH was increased after training and C-release was
reduced after training period [47]. This had no influence of activity-
induced Serum hormone levels (C, aldosterone, insulin, FSH, LH,
TSH, ACTH, ADH and STH), which did not show any dependence
from training except free T, which showed a significant decrease
and post-exercise ACTH which showed an increase [47]. Cortisol
sensitivity and ACTH Answer or Adaptation (FSH & LH answer)
changed T-levels [47].

Arginine Vasopressin (AVP) and Atrial Natriuretic Peptide
(ANP) are besides Aldosterone Hormones affecting fluid balance
[48]. Endurance trained runners completed three separate test
protocols with an increase of aldosterone after high-intensity
training, steady-state training and longer endurance training [48].
Changes in fluid homeostasis was significantly different between
ultra-marathon versus high-intensity and steady-state running, but
only statistic significant increases pre- to post-run could be detected
for ultra-marathon AVP, Cortisol, corticosterone, deoxycortisol and
a significant post-run increase of Aldosterone after high-intensity
training was detected [48].

Exercise is known to be a powerful stimulus for the endocrine
system [24]. The hormonal response to exercise is dependent on
several factors including the intensity, duration, mode of exercise
(endurance versus resistance), and training status of the subject [24].
Serum cortisol and prolactin showed distinct rises 1 h after the race
and returned to baseline 1 week later [24]. Androstenedione and
dehydroepiandrosterone sulphate did not show any changes. Total
testosterone as well as free testosterone dropped significantly 1 h after
the race but returned to baseline 1 week later [24].

Cortisol, testosterone, free testosterone and the ratio between
free testosterone and cortisol were monitored in six athletes
participating in a marathon starting at 3,860 and finishing at 3,400
meters, having reached the top at 5,100 m altitude [28]. Blood was
drawn at sea level before the departure for the mountain area, after
a week of acclimatization, immediately after the marathon and after
a 24-hour recovery period from the run [28]. Cortisol increased after
acclimatization and especially after the marathon and decreased to
normal values after recovery whereas Testosterone decreased after
acclimatization, especially after the run and presented a partial
recovery 24 h after the race [28].

Further hints exist from runners, cyclists, and skiers participating
in a 161-km ultra-endurance race on a snow-packed course in the
Alaskan wilderness [49]. ACTH increased significantly with no
difference among runners, cyclists, and skiers pre-race versus post-
race [49]. Cortisol increased significantly pre-race to post-race and
post-race cortisol was significantly higher in runners versus skiers
[49]. Norepinephrine increased significantly pre-race to post-race
with no difference among divisions, Epinephrine did not change
significantly during the race [49]. These data suggest activation of both
the sympathetic-adrenal-medullary and hypothalamic-pituitary-
adrenocortical axes from an ultra-endurance race in the cold and
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reveal the degree of stress hormone responses to this exhausting bout
of exercise [49]. Concerning chronic effects (4 weeks) - sensitivity of
system increased through training — (probably meant higher cortisol,
testosterone answer through training).

Negative relationships between circulating testosterone and
certain stress hormones (i.e., cortisol and prolactin) in humans were
several time reported [50,51]. These relationships have subsequently
been used in hypotheses explaining the subclinical resting testosterone
levels often found in some endurance-trained males [51]. Endurance-
trained males volunteered to run at 100% of their ventilatory
threshold on a treadmill until volitional fatigue [51]. Blood samples
were taken at pre-exercise baseline (B0); volitional fatigue (F0); 30
min (F30), 60 min (F60), and 90 min (F90) into recovery; and at 24
h post-baseline (P24 h). At FO [mean running time = 84.8 (3.8) min],
exercise induced significant changes from B0 in total testosterone,
cortisol and prolactin [9]. All three of these hormones were still
significantly elevated at F30; but at F60 only cortisol and prolactin
were greater than their respective BO values [51]. Free testosterone
displayed no significant changes from B0 at F0, F30, or the F60 time
point [51]. At F90, neither cortisol nor prolactin was significantly
different from their BO values, but total and free testosterone were
reduced significantly from BO [51]. Cortisol, total testosterone and
free testosterone at P24 h were significantly lower than their respective
BO levels [51]. Significant negative relationships existed between peak
cortisol response (at time F30) versus total testosterone (at F90 and at
P24 h) [51]. In conclusion, the present findings give credence to the
hypothesis suggesting a linkage between the low resting testosterone
found in endurance-trained runners and stress hormones, with
respect to cortisol [51].

Taking an internal medicine perspective the evoking of Stress
yields to an activation of HPA Axis over the CRH-ACTH System,
whereby in improper work of sympathetic and parasympathetic
nerve function illness processes are suggested [52]. Physical activity
is a potent stimuli of HPA axis whereby intensity as well as time of
running respectively physical activity is relevant [53] Hints exist
that training does yield to a permanent increase of Cortisol within
physiological borders [54].

Based on the above mentioned on CRH-ACTH System through
running the secondary release of C can be used as marker of
overtraining respectively to detect potential overreaching for other
stress-related responses. In principle e.g. with BORG-Scale (6-20)
fatigue can easily be measured without difficulty, whereby high
validity of BORG-Scale (6-20) was shown even for large population
[55,56]. Garcin et al. 2002 used BORG-Scale in young runners (middle
distances) and could show, that an overtraining can easily being
detected [55,15]. Especially measurement of salivary cortisol has
proven to be an easy way in order to detect an overtraining [57,58].

The pathophysiology of the condition is still unknown.
Hypothalamic-pituitary function was studied by determining
the hormonal responses to insulin-induced hypoglycemia in five
asymptomatic male marathon runners during a 4-month period in
which they ran 42-, 56-, and 92-km races and in four overtrained
male athletes [4]. The response of the asymptomatic runners was
not different when tested 1 month before and within 48 h after the
42- and 92-km races [59]. The plasma cortisol, ACTH, GH, and PRL
responses to insulin-induced hypoglycemia in the four overtrained
athletes were lower than their responses after the rest and lower than
the responses of the asymptomatic runners [59,4]. From a normal
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answer of this and other hormones on TRH and LHRH was concluded
that overtraining has a hypothalamic and not pituitary origin [60].

Interestingly, for chronic fatigue syndrome Hydrocortisone was
used with success [61,62]. Interestingly, already Pawlow implied
that with a stronger stimuli answer first increase to decrease after
the peak (inverted U-shape) [63-65]. Even the involving of T and C
has probably an influence on phenotype [4]. Hints can be found, that
highly trained athletes show increased basal levels of Cortisol and
ACTH [66]. The above mentioned is in accordance with the cytokine-
hypothesis of overtraining [23]. Cytokine-hypothesis sees the local
muscle damage induced through to intensive training which is a
chronic process [23,64]. An initially local inflammation process can
become chronic and have systemic effects e.g. via Interleukins [23,64].
Especially for Interleukin 6, which was taxed as exercise factor,
intensity dependent release was described [57,59]. In combination
with the mentioned of Cortisol and Testosterone metabolism skeletal
musculature with a weight of 15 kg and biggest of human body -
this can probably act as puffer for exercise stimuli. This suggestion
as puffer organ can be combined with the thought that somatotype
has substantial influence on performance capacity [67]. This implies
that better trained persons have better organic conditions and can in
consequence better persist huge stimuli. The possibilities stimuli are
perceived and adaptions take place are large [2]. Even small effects
are described such as reduced oxygen pressure in higher altitudes
proning phenotype and implying high sensitivity of skeletal muscle
to external stimuli [68-70]. For athletes’ in overtraining ACTH levels
in rest were the same to control but cortisol was deeper [67].

The relationship of Testosterone and Cortisol

Focusing away from effects of physical activity on Cortisol also
androgens respectively Testosterone can be mentioned. The answer
seems to be different e.g. Testosterone decreased by -46% 5-days after
a military field training [71]. The combination of these two hormones
yield to the Testosterone / Cortisone Ratio (T/C). The relationship
is often used as indicator of anabolic/catabolic balance and was also
used for psychophysics function [72-74]. Also in woman increased
testosterone levels were detected in endurance trained versus inactive
persons [75] (Figure 2).

The intensity of training influences Cortisol and T respectively the
ratio T/C [73]. The hydration state can further modify and regulate the
anabolic/catabolic balance [73]. Influence of running upon T, C and
T/C Ratio, when started in a hypohydrated state was analyzed [73].

Cortisol concentration

Increase up to factor 10

time

_-" Testosterans concentraton

Cortisol | Testosterane
Baseline cancentration
|
|
|
|

Running start

C/T Ratio hagh
Catabolic state

/T Rabio fow
Anabolic state

Figure 2: Testosterone and Cortisol response upon running. The relationships
of Cortisone to Testosterone (C/T ratio) can be taken as measure of the
anabolic/catabolic rate [50,24,46,49,71,75,76]. This relationship seems to
be relatively stable due to environment conditions (e.g. temperature) [1,84].
Keep in mind, that T/C Ratio is around 0.05 — 0.1 [73].
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Runners completed four 10-min treadmill runs whereby hydration
state differed (euhydrated or hypohydrated), furthermore intensity
was variable between (70% or 85% VO,max) [73]. Body weight, urine
osmolality and specific weight were measured before and 20 min post-
exercise with T, C and Ratio T/C [73]. Except for heart rate while 70%
VO, max exercises, heart rate and lactate were about equal between
euhydration and hypohydration in given intensity [73]. Furthermore
hypohydration had no measurable influence on T-concentration [73].
Although intensity had no influence upon T, Cortisol concentration
were higher while hypohydration as compared to euhydration before
and 20 min post-exercise [73]. Furthermore, T/C was significantly
lower 20 min Post-exercise with 70 % VO,max when individuals were
hypohydrated before (T/C = 0.055) versus euhydrated (T/C = 0.072)
[41]. These results imply that depending from hydration status T/C is
changed and therefore anabolic/catabolic balance [73]. A further study
analyzed testosterone/cortisol (T/C) ratio in long-distance runners
during a relay competition and during the three days following the
competition [76]. Two teams of four relay sub-elite runners (VO,max
= 67.0 ml x min(-1) x kg(-1) in males and 56.8 ml x min(-1) x kg(-1)
in females) took part in a six-hour relay race [76]. During the race,
cortisol levels reached approximately 1.5-fold basal levels [76]. These
levels remained high till late evening, (higher than morning values,
when normal resting levels are 4 to 6-folds lower) [76]. Surprisingly,
wakening levels during the following days were lower than resting
levels [76]. Testosterone did not vary in females; then, male values
only are reported [76]. During the race they decreased gradually
and remained low till night [76]. During the following three days,
testosterone levels were higher than resting day levels. The T/C ratio
amplifies these variations: low during the race till retiring, (currently
associated with a catabolic tendency) and reversely high during the
following three days (associated with a high anabolic tendency) [76].

As expected, a catabolic tendency occurs during a long distance
run (increase in cortisol level followed by a drop in testosterone level)
[76]. More surprising is the high anabolic tendency noted during the
recovery period (low cortisol and high testosterone levels) [76].

Ten endurance athletes’, 3-settings, Interval Training (INT),
Tempo Race (TEMP) and body weight Circuit Training (CIR),
during several days [11]. Blood and salivary pre- and 0, 15, 30 und
60 min post-exercise whereby peak post-exercise salivary cortisol
was significantly higher as pre-exercise in all trials [11]. After INT,
salivary cortisol remained increased after 60 min post-exercise.
Salivary gland T increased in all trials significantly [11] Peak Cund T
levels increased in the same time in plasma and salivary [11]. Further,
effects of 4 weeks moderate aerobic exercise on outcome measures
of saliva stress hormones in healthy adult volunteers were elucidated
[1]. C increased significantly from -48 h and displayed a baseline
overshoot with +24 h being significantly lower than -48 and +0 h,
fT decreased significantly from -48 h to +0 h and remained lower at
+24 h and +48 h [1]. After 4 weeks of exercise, there were significant
increases in cortisol and free testosterone levels, along with significant
decrease in the ratios between testosterone and cortisol levels (T/C)
[50].

Changes of hormonal and immune factors were analyzed while
a 5000 m race [77]. Salivary samples were analyzed for C, T whereby
T/C ratios were significantly reduced pre versus post-race [77].

Some further hints exist from other endurance sports such as
rowing and cycling. While 9 Months of Olympic Games elite rowers
were analyzed with T/C Ratios and it was implied that T/C ratios are
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reduced during rowing training [60]. Findings seem to be valid not
only for rowing but also for cycling. Post training, resting testosterone
levels decreased from and resting cortisol levels increased from pre
training to post training indicating a catabolic state [16].

This yields to the question if reduced training changes T/C ratios.
Changes in well-trained runners seem to be within physiological
borders [54]. In runners with good level (VO,max 60 ml/kg/min)
reduction of Training (80 km to 25 km) yielded only to a decrease
of Cortisol within upper area of physiological borders to lower
areas [54]. Well-trained runners have a T-level in the lower range
of physiological borders and Cortisol in increased range yielding
to a decreased T/C ratio [54]. Undoubtedly overtraining influences
ability of a body to respond adequately upon stress [78]. As reaction
on stimuli body cannot relax and lower Cortisol levels were detected
[78].

Changes in endurance capacity are not only associated with
hormonal but also with structural and biochemical changes especially
of mitochondria [79]. Earlier studies concerning endurance training
in women show for untrained young woman running three times
a week on aerobic threshold that ACTH was increased 5 min after
physical activity and less elevated 30 min later [80]. Maximal lactate
and BORG-Scale were unchanged as indicator for stable exertion [80].
These results implicate, that endurance training stimulates hormonal
response via ACTH with significantly lower concentrations of ACTH
[80].

FT was compared between high-intensity Interval training and
Steady State Endurance Training (SSE) [81]. Interval was while 90
sec with 100-110% maximal oxygen uptake (VO,max) and 90-
sec active break at 40% of VO,max while 42-47 min [20]. The SSE
Session consisted of a 45-min course in 60-65% VO, max, total work
output was the same for both exercises [81]. A 45-min supine rest
control session (CON) was additionally conducted. All three sessions
took place on different days [81]. Pre-session and 12-h post-session
(12POST) Blood samples were collected and used FT, SHBG, LH,
3- a-androstanediol glucuronide (3-a Diol G) and cortisol [81].
IE and SSE yielded to an increase of FT with larger extent after IE
[81]. 5a-reductase marker 3-a Diol G answer with 12POST IE was
significantly increased while FT was significantly reduced; whereby
such a change did not occur with SSE [81]. These results imply that
FT through Androgen sensitive tissue is more responsible on IE than
SSE [81]. IE yielded to a larger increase than Steady-state Training
[81]. The decrease of catecholamine excretion during night could
be a result of a reduced sympathetic activity, whereby it’s unclear if
this has its origin in central nerves system [82]. Results could imply
that this is due to a reduction of regeneration potential being a
predisposition e.g. for overtraining [82].

In eight middle distance runners and nine long distance runners
an increase in intensity and training volume was conducted [82].
Seven runners participated in both studies [82,35]. The average
training volume was 85.9 km and increased to 176.6 km/Week while
intensity was increased (ITV) [82].

A Plateau in endurance performance and a decrease in max
performance were detected probably due to an overtraining [82]. The
nightly catecholamine exertion was reduced (47-53%), in contrast to
exercise-related plasma catecholamine answer, which was increased
[82]. Rest and activity dependent Cortisol and Aldosterone levels were
reduced [82]. Interestingly, even animals seem to have the ability to
control hormone homeostasis as it was shown that mice can influence
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hormone concentrations through using of a walk wheel inducing a
modulating effect on phenotype [83]. To sum up, endurance seems to
yield to an increase in Cortisol levels while Testosterone levels seem

to

decrease allowing speculating that continuous endurance activity

yields to a new phenotype clearly sensitive upon training regime.
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