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1. Introduction

1.1 Physical activity and exercise adaptation

Nowadays, the benefits of exercise are widely discussed, and it is common to talk about the healthy
benefits of exercise when, in fact, the biologically normal condition would be the exercise-trained
state, and physical inactivity should be discussed as abnormal.! Physical inactivity is responsible
for many disease conditions and chronic diseases.’

Physical inactivity shortens lifespan by 5 years.®> Additionally, a ,,healthy” lifespan, that is, without
long-term disease, is also shorter by 8 years in physically inactive compared to physically active
people.* Physical exercise is a non-invasive therapeutic solution for improving body weight,
metabolic health, and quality of life.’

,bBxercise is the voluntary activation of skeletal muscle for recreational, sporting, or occupational
activities”.! There are differences in exercise modality, intensity, duration, and many other factors,
but the role of the skeletal muscle is unquestionable in all of them.

Muscle contraction requires ATP to support different cellular processes, including Na'/K" ATPase
(to maintain sarcolemmal excitability), Ca?>" ATPase (to reuptake Ca®" into SR), and myosin
ATPase (to generate force with the actin-myosin cross-bridge cycling).! Because the stored ATP is
relatively low in muscles, different ATP-producing pathways need to be activated depending on
the exercise. For short duration, maximum exercise (less than a minute), the muscle-derived
creatine phosphate and glycogen is broken down to glucose and used to create ATP.! During longer
exercise, the ATP is created through other pathways, mainly the hepatic glycogenolysis and
gluconeogenesis, and the triglyceride breakdown to FFAs and subsequent release into the
circulation.! Whether carbohydrates or lipids are used as primary fuels for exercising skeletal
muscle depends on the exercise intensity: higher intensity has a preference for carbohydrates,
while prolonged exercise with moderate intensity has a preference for fat oxidation. !

Several factors have to work in synergy to maximize exercise performance, namely genetic
background, mental preparation and toughness, training level, and cardiorespiratory fitness, among
others.®!° The major hemodynamic challenge of reaching maximum exercise capacity can only be
achieved by a highly coordinated effort of the O2 delivery and O2 extraction systems to provide

sufficient blood supply to meet the increased demand of skeletal muscles.!"!> The engine of



cardiorespiratory fitness is the cardiovascular system, which has been the focus of research in
exercise physiology for decades. '

Oxygen consumption at rest in healthy young individuals is around 3.5 mL/kg/min. The resting O-
consumption for a 70 kg person is ~250 mL/min. In untrained but otherwise healthy individuals,
VO;max can increase to 10-15 times the resting value, while in elite endurance athletes, VOmax
can exceed 85 mL/kg/min.'* To reach the highest exercise capacity, many bodily systems need to
work in tandem, including the CNS to recruit motor units, the cardiovascular and pulmonary
systems to deliver O, to working skeletal muscles, and the oxidative pathways to support O2
consumption by the skeletal muscles.! During maximum exercise, the cardiac output can increase
8-fold, and the peak ventilation can increase 40-fold compared to resting values. Furthermore, the
blood flow to skeletal muscles can increase 100 times above resting level and account for 80-90%
of the cardiac output.!

During exercise, the working skeletal muscle undergoes active hyperemia, primarily in small
arterioles. Mechanical, neural, and humoral factors are crucial in the vasodilatation leading to
hyperemia. These factors include inward rectifying K* channels, adenosine, ATP, and ROS.! One
of the early adaptations of muscle to exercise is the rapid increase in GLUT-4."> Redistribution of
blood flow also aids increased blood flow to skeletal muscles, and additionally, the increased
sympathetic activity helps to offset the fall in systemic vascular resistance caused by the skeletal
muscle vasodilatation. !

Blood flow to the skin increases first during exercise, as sweating is the main mechanism for heat
dissipation. As exercise continues or intensifies, the skin also undergoes vasoconstriction when the
redistribution of blood from the splanchnic area or non-working tissues can not meet the increased
demand of the skeletal muscles.!

The pulmonary system also plays a key role in exercise adaptation. The maintenance of sufficient
Oz levels in the arteries and the removal of CO> produced during physical exercise are crucial
functions and are achieved by increased ventilation.!

The liver also adapts to exercise by lowering its lipid content, reducing VLDL and glucose
production, and increasing lipoprotein clearance.'®

The adaptation of the heart depends on the type of exercise. Dynamic exercises (e.g. running,
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cycling, swimming) directly affect the autonomic nervous system, while isometric exercises



(e.g. strength training) strengthen the heart and skeletal muscles and reduce the overall demand on
the circulatory system.?!

Another adaptation to exercise is the development of physiologic cardiac hypertrophy. The
increase in heart mass, left ventricular diameter, end-systolic pressure, and heart rate are all signs
of pathologic cardiac hypertrophy, but there is no pathologic evidence, and in professional athletes,
physiologic cardiac hypertrophy can be protective.'¢ A large single echocardiographic study found
that professional athletes have better cardiorespiratory fitness accompanied by increased left
ventricular mass that regresses when athletes decondition.??** Additionally, longer follow-up
studies of elite athletes show that their life expectancy is longer than the population mean.?®
Mitochondria are the powerhouses of the cells and play a key role in modulating athletic
performance. PGC-1a is a crucial modulator of skeletal muscle mitochondrial biogenesis: a single
bout of endurance exercise elevates skeletal muscle PGC-1a levels, resulting in improvements in
whole-body VO,max and better endurance performance.?®?” Another key player in exercise
adaptation is AMPK. Many types of exercise increase AMPK activity, which leads to the
phosphorylation of target proteins, including PGCla and rate-limiting enzymes in energy
metabolisms, including acetyl-CoA carboxylase.?®

The importance of physical exercise in muscle plasticity and renewal has been previously
described, too. Muscle cell progenitors (i.e. satellite cells) are stimulated by physical exercise,
although the renewal rate is limited in older people.?*-*°

Exercise also facilitates the lipolysis of white adipose tissue (WAT) to provide free fatty acids
(FFAs) as fuel.®!



1.2 Exercise-induced factors — the exerkine concept

An ,exercise factor” that is produced during muscle contraction and is able to mediate humoral
changes induced by exercise has been searched for many decades.® During those decades, several
names were used for this factor: ,,work stimulus,” ,,work factor,” or ,,exercise factor”.*

Different processes clearly indicated the presence of this ,,exercise factor”; for example, the
increased glucose production by the liver upon physical exercise—induced glucose uptake by
muscles, while the body’s glucose homeostasis was unaffected.’® Another clue was the increased
release of FFAs by the adipose tissue as a response to exercise. Another example is the ,,feeling
good” feeling after exercise that BDNF, endorphins, serotonin, and dopamine cause.** For a long
time, however, it wasn’t clear how muscle contraction influences these effects. It also took many
years to demonstrate that some of the previously thought functions of adipose or muscle tissues
are not comprehensive. Besides the storage function for adipose tissue or the contraction function
of muscle tissue, these tissues are able to produce and release specific proteins into the bloodstream
upon physical exercise.>®

The idea that contracting skeletal muscles release humoral factors into the bloodstream that act in
an endocrine-like way was first proposed by Pedersen et al.*®*” These factors were termed
myokines, and the first myokine identified was IL-6.* The fact that IL-6 plasma levels are elevated
after physical exercise has been known before the identification of IL-6 as a myokine. Initially, the
increase was thought to be an immune-related reaction upon exercise.*® In 2000, a study reported
differential IL-6 responses in working and non-working limb muscles and showed that the working
muscle produced significantly higher levels of IL-6 than the non-contracting muscle.*® When IL-
6 has been identified as the first myokine that is produced in the working skeletal muscle and
released into the circulation upon physical exercise, the additional finding was that skeletal muscle
can produce and release factors capable of influencing metabolic processes.>’

Since then, hundreds of myokines have been identified, and the concept of contracting skeletal
muscles communicating in an endocrine-like manner with other tissues to promote the systemic
benefits of exercise has evolved.*

Myokines are released from the skeletal muscle in response to physical activity; however, muscle
isn’t the only tissue releasing peptides, metabolites, DNA, mRNA, miRNA, and other RNA species

into the bloodstream upon physical exertion.** Due to the skeletal muscle providing almost one-



third of the body mass, the beneficial effects of physical exercise were first attributed to
myokines.*!

As the field of exercise factors expanded and more non-muscle exercise factors were discovered,
the term ,,exerkines” was born. Exerkines are the combination of all humoral factors expressed,
produced, and secreted by all exercised or non-exercised tissues to mediate crosstalk between
different organs.*® Another definition describes exerkines as signaling moieties released upon acute
exercise and exerting their effects in an autocrine, paracrine, or endocrine manner.*!

Since then, several peptides have been identified as being secreted by different tissues upon
physical exercise (exerkines).**®***> Thinking about the thousands of humoral factors released
into the circulation by muscle or fat tissues (adipokines), the liver (hepatokines), the brain
(neurokines), or the heart (cardiokines), dozens of additional factors will potentially be identified
as exerkines.’® In fact, exerkines can also be neurotransmitters or metabolites, such as
catecholamines*® or lactate.*’

It became evident that exerkines have emerged as important regulators of exercise adaptation with
their local and systemic effects.’*!*8 Exerkines can act locally, in a paracrine manner. A well-
known exercise adaptation using a paracrine factor is the muscle-derived VEGF that helps regulate
tissue angiogenesis.*>* Additionally, exercise might also improve endothelial function, as the
vascular endothelium can act as the recipient of many exerkine-related effects, such as NO-

31555 or ET-1-mediated vasoconstriction,>® all contributing to the

dependent vasodilatation of apelin
overall cardiovascular fitness.
Some exerkines exert their effects on the skeletal muscles themselves (e.g. myostatin) while others
(e.g. irisin) have more systemic effects in modulating metabolism or the immune system.>’ Yet
others have an important role in improving the endothelial function of the vascular system (e.g.
IGF-1, FGF-2).

There are notable differences between acute and chronic exerkine responses. While acute exercise
triggers more of a stress-like response,’® chronic exercise triggers an adaptive response with
repeated bouts of exercise.!® Acute exercise might be initially proinflammatory in nature, but this
effect is offset by an anti-inflammatory response.>*-®

The responses upon acute exercise mediate the maintenance of metabolic homeostasis, assist in

shifts in fuel utilization, and balance acute inflammation by anti-inflammatory mediators.>’
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Conversely, chronic exercise responses are associated with long-term metabolic adaptations and
anti-inflammatory mechanisms.®!

Both acute and chronic exercise can alter the profile of exerkines. Exercise-induced adaptations in
myokine and adipokine profiles suggest that these secreted proteins may facilitate tissue cross-
talk, i.e. tissue-to-tissue communication, to enhance overall metabolic health. The adaptations of
skeletal muscle include improved glucose uptake,®? increased GLUT-4 expression and

63.64 augmented mitochondrial activity,® increased fat oxidation,%®

translocation to the membrane,
and increased myokine production.®”® The adaptations of adipose tissue include increased
metabolic activity, improved mitochondrial function, altered adipokine tissue expression, and
circulating adipokine levels.”

A single bout of acute exercise changed the expression of almost 10 000 analytes in a study,
including proteins, lipids, and transcripts.”! Many factors influence the exerkine response to acute
exercise: type and duration of the exercise, fitness and fed-fasting status of the individual, length
of the follow-ups, and the timing of sampling.>*! The conflicting results about circulating peptide
levels after a single bout of exercise might be, in part, due to differences in the type, intensity, and

duration of the acute exercise.”?

Acute high-intensity exercise is associated with higher plasma levels of exerkines, including

73 4

lactate,” irisin,’* or adiponectin,”® but for some exerkines, higher intensity results in lower
circulating levels.”® A similar effect can be seen in terms of exercise duration: longer acute exercise
led to higher BDNF levels.”” Regarding irisin, there seems to be a cutoffat 12-16 weeks of chronic
exercise duration. When chronic exercise training lasted for less than 12 weeks, irisin levels
significantly increased; when the training program was longer than 16 weeks, irisin levels
significantly decreased.”®

Taking high-intensity interval training (HIIT) as an example of how type and intensity of the
exercise matter, higher intensity corresponds with higher plasma levels of IL-6, while IL-10
remained unchanged.”

There are still unanswered questions about exerkines. One interesting question remaining is how
these exerkines are released into the circulation. One hypothesis gaining ground is that the

exerkines are contained in extracellular vesicles (EVs).”” During physical exercise, the action

potential through the neuromuscular junction leads to a massive Ca®" efflux from the sarcoplasmic
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reticula, which triggers the release of the EVs.** The amount and type of exerkines in those vesicles
depend on the type of exercise, among other factors (i.e. aerobic vs anaerobic).*

Studies in exercise physiology use different methods to search for additional myokines or
exerkines. The field of exercise physiology has expanded in recent decades with the introduction
of different exercise models.?!* For example, apelin® and irisin®® were identified with chronic
exercise models, while ANGPTL4%” was identified with an acute exercise model. Fractalkine also
increases upon acute exercise.’**° Additionally, 1L-6,°% IL-8,°° IL-15,! BDNF*? were also
identified with an acute exercise model.'® Another exerkine, fibroblast growth factor 21 (FGF-21),
was initially connected to fasting.”?

The field of exercise-derived factors has been evolving rapidly over the last decade. The number

of muscle-derived exerkines exceeded 600 in 2015.* The number was over 3000 in 2016.%*
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1.3 Apelin

Apelin was originally isolated from bovine stomach extracts in 1998 and identified as the
endogenous ligand of the G-protein—coupled apelin receptor (APJ).>! The 77 amino acid long
preproapelin is cleaved into shorter but functional fragments, including apelin-36 and apelin-13.%
The shorter fragments show higher affinity for the apelin receptor and higher biological activity.*>
Since its discovery, apelin has been described as a myokine,® a cardiokine,”® and an adipokine,®’
but due to its abundance in the human body, apelin has been proposed as a player in the cross-talk
between skeletal muscle and brown-beige adipocytes,”® regulator of water and food intake,
adipocyte differentiation, bone formation,” its role has been described in metabolic diseases,”® and
it has been shown to be expressed in cancer tissue,'?’ and cardiovascular pathologies.'"!

The apelinergic system plays a crucial regulatory role in the cardiovascular system.”>!9%1%> The

96,104

effects of the peptide are manyfold: apelin stimulates cardiac contractility, elicits a blood-

>155 and induces vasodilatation in various vascular beds in vitro.>*>

pressure-lowering effect in vivo,
54 The hypotensive and vasorelaxant effects of apelin are NO-dependent’!34; however, the positive
inotropy is not blunted by L-NAME, a nitric oxide synthase inhibitor,”® suggesting additional
mechanisms of action. In humans, acute apelin administration causes peripheral and coronary
vasodilatation and increases cardiac output.!®> Apelin is actively synthesized, among others, in

heart muscle cells, endothelial cells, and smooth muscle cells, '

while APJ is widely expressed in
skeletal muscles, the heart, lungs, kidneys, the liver, the adipose tissue, and the brain.>’

In skeletal muscles, apelin plays a role in muscle regeneration. The apelin receptor is present on
muscle stem cells and promotes in vivo proliferation and differentiation of muscle cells.*’
Contracting skeletal muscles are able to synthesize apelin, and it has also been observed that

8 and exercise-

endurance exercise training upregulates skeletal muscle apelin expression,
associated skeletal muscle contraction stimulates apelin production by myofibers.’® The knockout
of apelin in the skeletal muscles leads to muscle weakness, lower exercise capacity, and blunted
plasma apelin increase in mice.!'"’

An additional benefit of apelin is related to its influence on metabolism. In WAT and skeletal

muscles, apelin treatment enhances glucose utilization and promotes systemic glucose

reduction.'?’
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Moreover, apelin acts on muscle metabolism through AMPK-dependent mitochondria
biogenesis,”’ and chronic apelin administration increases skeletal muscle mitochondrial function
and biogenesis®® that generally decreases with age.>’

Apelin has been described as a candidate for participating in cardiac and skeletal muscle adaptation
to physical exercise and peak athletic performance.'®

In 2012, apelin was linked to self-reported physical activity in patients with diabetes.!” Six years
later, the relationship between apelin and physical exercise and the fact that muscle contraction
leads to apelin release into the bloodstream was identified.”® Based on these results, the
measurement of apelin after a single bout of exercise has been proposed as an index of exercise
achievement.”®

Several studies have reported the effect of physical exercise on apelin levels®!#319:110: however,
studies reporting the effects of acute exercise on apelin levels are limited. Furthermore, the
contribution of different apelin isoforms to peak athletic performance has not been characterized.

HI-3 others reported increased®® or unchanged!'

Some studies reported decreased apelin levels,
apelin levels in obese individuals.’ The discrepancies are present in acute exercise, too. Although
most acute exercise studies report an increase in myokine levels,'!® data about apelin, especially
apelin isoforms, and acute exercise response are missing. In fact, one study in rats showed a
decrease in apelin-13 level after a treadmill exercise test.!'® A possible reason for this could be
delayed sampling. Since myokine release is a dynamic process, a slight delay in sampling might
miss the actual peak of the secreted myokine in the circulation.!!?

Acute endurance exercise increased apelin levels,3!$%117:118

and acute sprint interval exercise
elicited the same effect.!!” Interestingly, other studies found no change in plasma apelin levels after
acute exercise.®

A meta-analysis found that physical exercise training did not change apelin levels.'?°

Another meta-analysis showed that apelin increased after chronic exercise.'?! Additionally, 4
studies in this meta-analysis reported the change in apelin levels in participants older than 50 and
showed the same elevation in plasma apelin levels. Interestingly, the other studies analyzed
younger individuals, and only one found increased circulating apelin concentrations. Additional
studies in obese individuals reported lower apelin levels after chronic exercise, which could be a

112,122

result of multiple mechanisms: exercise-induced weight loss, or exercise-induced

improvements in insulin resistance.’®!!*!23 Furthermore, hyperinsulinemia upregulates adipocyte-
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derived apelin production, while physical exercise upregulated skeletal muscle-derived apelin

production. !¢
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1.4 Endothelin-1

Endothelin-1 was first isolated from porcine aortic endothelial cells.’® The 203 amino acid long
preproapelin is the translational product, which is cleaved to big endothelins that are 37-41 amino
acids in length. These are biologically inactive and will be further cleaved to mature ET-1.1%*
Endothelin-1 is a 21 amino acid peptide synthesized by the endothelial cells and acts locally on
the vascular smooth muscle cells. Three isoforms are known: ET-1 and ET-2 (differs in 2 amino
acids from ET-1) are strong vasoconstrictors, while ET-3 (differs in 6 amino acids from ET-1) has
a potentially weaker effect on the vasculature.'?*!? Interestingly, ET-1 is the only member released
from the endothelium, basolaterally, to act on the smooth muscle layer.'?* This also suggests that
tissue levels of ET-1 are potentially higher than plasma levels, which might also be due to its short
half-life in the blood.'?*!26.127

Pericardial ET-1 levels were significantly higher than respective plasma levels in patients with
heart disease, and it can increase up to 200-fold higher in the pericardial fluid than in the plasma
of these patients.!”®

Endothelin-1 has many effects on the cardiovascular system, namely coronary vasoconstriction
and positive inotropic and chronotropic effect. Additionally, ET-1 has a direct arrhythmogenic

effect due to the development of early afterpolarizations!?%!1%°

and might be involved in sudden
cardiac death in athletes. Sudden cardiac death caused by ventricular fibrillation or other
arrhythmia-related causes is more frequent in professional athletes than in the general
population.'*° There are several cases every year of athletes losing their lives unexpectedly, and a
high number of these athletes are elite soccer players [https://sportsbrief.com/football/24785-
footballers-died-pitch-soccer-players-lost-lives-a-match/]. A wide variety of factors have been
identified to play a role in sudden cardiac death (both congenital and acquired heart conditions),
but in some cases, the heart has no structural abnormalities.'*!"!32 Short-term variability in the QT
interval was compared in professional soccer players and age-matched sedentary controls, and the
study found a higher variability in the soccer players compared to controls.'*® This might lead to
repolarization instability, which increases the risk for cardiac arrhythmias, with no underlying
heart condition.!** Interestingly, the fatal event usually does not happen at peak performance but

instead in warmup or after training, in a relatively inactive period.'°
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ET-1 also has proliferative activity in vascular smooth muscle cells, thus, it has been implicated to
play a role in atherosclerosis.!** Furthermore, an increased level of ET-1 plays a pathophysiological
role in the development of heart failure.'**

ET-1 elicits its effects through 2 main receptors. The ETA and ETg receptors are both G-protein-
coupled receptors, and while ET A mediates vasoconstrictive responses to ET-1,'*> ETg mediates
ET-1 clearance, eNOS and NO production,'*® suggesting that the effect of ET-1 is receptor-
dependent and a possible interaction between the vasoconstrictor effect of ET 4 and vasodilatator
effect of ETp exists.!*” Furthermore, NO appears to have an antagonistic effect on ET-1
synthesis.'?*

ETa receptor activation induces PLC activation, which leads to the formation of IP3 and DAG. IP;
then binds to specific receptors on the sarcoplasmic reticulum and releases stored Ca®" into the
cytoplasm.'?* The increased intracellular calcium level is a key participant in muscle contraction.

Blood flow and shear stress appear to be the most important stimuli for ET-1 synthesis and release,
as shear stress receptors on endothelial cells might become activated in response to vasodilatation
as a result of increased blood flow. This leads to the release of NO and a reduced production and
secretion of ET-1.!3%1%% In addition to nitric oxide, natriuretic peptides can also decrease the levels
of ET-1 mRNA in endothelial cells.!40-142

Plasma ET-1 levels were significantly higher in young strength-trained athletes than in endurance-
trained athletes.'*® ET-1 levels increase with age, but exercise training could reduce plasma ET-1
levels in older individuals.'** In another study in healthy young participants, the plasma levels of
NO increased, while the plasma levels of ET-1 decreased after an 8-week-long exercise training
program. Additionally, there was a negative correlation between plasma NO concentration and ET-
1 concentration. The increase in NO and the decrease in ET-1 were maintained for an additional 4
weeks after the cessation of the training program, and after 8 weeks after training cessation, both
returned to the baseline measured before the exercise training.'** Young athletes responded with
an increased ET-1 level after a single bout of intense cycle ergometer test. The increase was highest

30 minutes after the exercise cessation, then returned to lower levels at the 60-minute mark.'®
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1.5 NT-proBNP

In 1988, a peptide was isolated from pig brain that caused natriuresis and diuresis similar to ANP.
Since it was isolated in brain tissue, the original name was brain natriuretic peptide, which later
was changed to B-type natriuretic peptide to better reflect the primary site of BNP synthesis, which
is not the brain but the ventricular myocardium.'#®

The translational product of the BNP gene is a 134 amino acid long prepropeptide. After removing
the signal peptide, a 108 amino acid long prohormone, proBNP, is produced. This prohormone will
be cleaved into 2 fragments in equimolar quantities, NT-proBNP, which is biologically inactive,
and BNP, which is biologically active.'*’

N-terminal pro—B-type natriuretic peptide is a member of the natriuretic peptide family consisting
of 6 cardiovascular peptides and 3 NP receptors.'*” NT-proBNP may be found outside of the heart,
but the main origin of the secreted peptide is the heart. The peptide is the amino terminal pro-
segment of BNP. In terms of cardiac expression, atrial NT-proBNP expression is more abundant
than ventricular expression; however, due to the greater mass of the ventricles, most of the cardiac
NT-proBNP still comes from the ventricles.'*’

The main stimulus for NT-proBNP release from all compartments of the heart is wall stretch. 4314
Binding of BNPs to their specific receptors leads to the activation of the guanylyl cyclase-cGMP
second messenger system, which mediates most of the biological effects of BNPs.!*¢ The
physiological effects of BNP include vasodilatation, natriuresis, and diuresis. The peptide may also
downregulate the RAAS and has pro-lusitropic features.!® Additionally, BNPs cause vascular
smooth muscle relaxation leading to arterial and venous dilation.!*"!*> Furthermore, BNP has
protective effects to prevent the development of heart failure, for instance, vasodilatation,
natriuresis, inhibition of the sympathetic nervous system, and the RAAS.!33153

Many factors influence the plasma level of NT-proBNP, for instance, age, sex, and body
composition.!** NT-proBNP isn’t the sole contributor to circulating BNPs. In fact, several larger
or smaller molecules are also circulating in the body; these different fragments are produced after
proteolysis, differential cleavage, and other structural changes.'*’

NT-proBNP, as well as other cardiac hormones, is a valuable marker to rule out an existing
pathological condition, as its elevated plasma level has diagnostic importance.'*® Automated blood

tests to quantify NT-proBNP have been available for more than 20 years. '3
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NT-proBNP measurement is an inexpensive tool for screening for cardiovascular pathologies,
including left ventricular hypertrophy, valvular heart disease, atrial fibrillation, or pulmonary
hypertension. The measurement of NT-proBNP is at least as useful as the measurement of BNP
and, in some comparative studies, even outperforms BNP for population screening.!>® It can also
be used as early detection for increased cardiovascular morbidity and mortality risk.!>” The peptide
is indirectly proportional to left ventricular ejection fraction and directly proportional to left
ventricular mass.'¢

Another reason NT-proBNP is used as a marker for cardiac health is that BNPs, compared to ANPs,
show greater increases in disease states.!*®!” While ANPs respond more acutely, BNPs show a
better picture of the volume and pressure overload on the heart over a longer period, underlining
the suitability of NT-proBNP as a marker of cardiac pathologies.!'*®

While one study reported that BNP increases during exercise,'*® in a large systematic review of

BNP and NT-proBNP, exercise was one of the factors that decreased NT-proBNP levels. ¢
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2 Aims

In the exerkine field, there are conflicting results in the literature about apelin response to exercise.
Some studies reported decreased apelin levels, others reported increased levels, while some studies
found no change at all. Additionally, most studies did not differentiate between apelin isoforms.
The potential involvement of endothelin-1 in sudden cardiac death of young athletes, especially
soccer players, renders more research focus on this peptide. Although NT-proBNP has been shown
to increase and also to decrease after chronic exercise, it is a good measure of ventricular function
since unchanged plasma levels exclude the possibility of cardiac dysfunction. Furthermore,
professional athletes are affected by both physical and mental stress during competitive sports.

For this reason, the aim of our research was to analyze the circulating concentration of 4 peptides,
namely apelin-13, apelin-36, endothelin-1, and NT-proBNP, upon extreme physical and mental

load, with the following aims:

e Characterize plasma level changes upon extreme physical load
e Characterize plasma level changes upon extreme mental load
e Analyze the associations of the peptides with cardiopulmonary exercise parameters

e Compare the peptide response between physical vs mental load
We hypothesized that (1) all of our measured peptides would respond to the extreme physical load;

(2) the extreme physical load would lead to a similar peptide response as the extreme mental load;

and (3) endothelin-1 and apelins would have opposite responses to both loads.
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3 Materials and Methods
3.1 Participants

A total of 58 healthy, normotensive, Hungarian male soccer players (age: 22.9 + 4.7 years) were
included in this study. All participants were of Caucasian origin, self-reported non-smokers, and
had no known cardiovascular diseases. Participants, similarly to other competitive athletes,
underwent regular medical check-ups, which included a resting blood pressure measurement and

a 3-lead ECG.

3.2 Study Protocol

To determine the changes in peptide concentration upon physical load, participants underwent a
physical stress test carried out in an exercise physiology laboratory (Department of Health
Sciences and Sports Medicine, Hungarian Sports University, Budapest, Hungary). A maximum
incremental treadmill running test was implemented (2 min warm-up at 8 km/h speed, which was
increased to 10 km/h and then remained constant; elevation was 0% in the first 3 min, and then
increased 1.5% after each minute). The treadmill test was performed under standard laboratory
conditions. The median temperature was 24.7°C, and the relative humidity was 39.5%. The tests
were terminated if a subject was unable to continue (volitional exhaustion).

Participants underwent a mental load protocol at the International Training Centre (Budapest,
Hungary) on a separate day to determine the changes in peptide concentration upon mental load.
The original protocol was a highly realistic social conflict, which is used, among others, to train
police officers who are prepared to work under extreme stress.'®! This protocol was modified to a
less complex version. Briefly: after a short briefing, the participants received special protective
equipment (face mask, throat protector) and training handguns with ammo, which contained
hollow plastic projectiles filled with dyed soap. They then stepped into a room set up as a regular
living room of a flat. The room was open from above, and cameras were installed to monitor the
actions of the participants. Additionally, heart recording devices were secured to their chests. As
the participants were moving into the room, stress triggers, like a stranger appearing in the room,

were introduced, and on the apex of the mental stress, a burglar attacked the participants and shot
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towards them with the training handguns. The tests were carried out in the presence of a

psychologist.

3.3 Blood Sampling and Analysis

Standard phlebotomy was performed by qualified personnel before the load (baseline),
immediately after the load (peak), and 30 min into the restitution phase (recovery) in both
protocols. The plasma samples were centrifuged (4 °C, 1600 g, 15 min), and the supernatant sera
were collected, frozen in liquid nitrogen as soon as possible, and stored at —80 °C until the
measurements were performed.

A PowerCube gas analyzer unit supplied by Ganshorn (Niederlauer, Germany) was used to
measure peak VO, values; the gas analyzer was calibrated before each measurement. An Omron
MX2, Cardiosys Human ECG (Experimetria Kft., Budapest, Hungary) was employed for
monitoring blood pressure and heart rate. Heart rate and gas exchange parameters were registered
continuously during physical stress. Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were recorded at three time points during both tests (baseline, peak, and recovery). Lactate
concentrations in the physical load were recorded at three time points (baseline, peak, and
recovery), and measurements were performed on a Biosen C-line Glucose and Lactate Analyzer
(Frank Diagnosztika Kft., Budapest, Hungary).

The peptide ELISA analysis was conducted at the Faculty of Health Sciences, University of Pécs,
Pécs, Hungary. Circulating peptide (apelin-13, apelin-36, endothelin-1, and NT-proBNP)
concentrations were measured using a Multiskan FC Microplate Photometer (Thermo Fisher
Scientific; Waltham, MA, USA). Apelin-13 and apelin-36 (Cusabio; Houston, TX, USA) were
measured by a quantitative sandwich assay technique in duplicate. Intra-assay precision was < 8%
and < 15%, and inter-assay precision was < 10% and < 15%, respectively. No significant cross-
reactivity or interference between human AP-13/AP-36 and analogues was observed. Endothelin-
1 (Elabscience; Houston, Texas, USA) was measured by a quantitative sandwich assay in
duplicate. The intra-assay precision was 33.60 = 1.40 pg/mL, and the inter-assay precision was
36.30 £ 1.40 pg/mL. NT-proBNP (Biomedica; Vienna, Austria) was measured by a sandwich

immunoassay in duplicate. Intra-assay precision was < 4%, and inter-assay precision was < 7%.
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3.4 Cardiopulmonary Exercise Parameters

In addition to blood pressure, heart rate, and blood lactate, other parameters influenced by the
exercise test were measured or calculated. The measured parameters included metabolic equivalent
(MET; 1 MET = 3.5 mL O2/kg body weight/minute), peak power output, VOmax and relative
VOomax (parameters of maximum Oz consumption), maximum CO> production (VCO»),
maximum ventilation (VE), and maximum rate of respiration (number of breath/minute). The
calculated parameters included baseline rate pressure product (baseline RPP = baseline systolic BP
x baseline HR), peak rate pressure product (peak RPP = peak systolic BP x peak HR), rate pressure
product reserve (RPP reserve = peak RPP-baseline RPP), maximum respiratory quotient (RQ =
maximum VCO2/VO;max), VE/VO,, VE/VCO,, circulatory power (VO;max x SBP), and
circulatory stroke work (circulatory power/peak HR).

The following criteria were used to confirm extreme physical load: (1) duration of the activity
should be at least 8§ min; (2) maximum HR > 160-180 beats per minute, depending on the age of
the participants; (3) RQ value > 1.1 at the peak of the load; and (4) lactate concentration at

maximum load should be 8 mmol/L or higher. '

3.5 Ethics

The study was approved by the National Public Health Center of Hungary (15117-9/2018/EUIG,
24 May 2018) (Appendix 1). All subjects provided written informed consent prior to participation
in the physical and mental load (Appendix 2, 3, 4). The study was conducted in accordance with
the World Medical Association Declaration of Helsinki.

3.6 Statistical Analysis

For the statistical analysis, GraphPad Prism (version 10.0.1, GraphPad Software, Boston, MA,
USA) and Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA) were used. The

Gaussian distribution was tested using the D'Agostino-Pearson omnibus normality test. The results
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are presented as mean + standard deviation (SD) for continuous normally distributed data and
median and interquartile range (IQR) for continuous non-normally distributed data. Temporal
changes in the normally distributed data due to acute exercise intervention were evaluated by a
repeated measures one-way ANOVA test with time as a within-subject factor (baseline, peak, and
recovery). To protect against the violation of the sphericity assumption, the Geisser-Greenhouse
correction was used. When the main effect was statistically significant, a Tukey's multiple
comparisons post hoc test was performed for pairwise comparisons. Temporal changes in non-
normally distributed data in response to acute exercise intervention at 3 different time points
(baseline, peak, and recovery) were analyzed using a non-parametric Friedman test. Where
appropriate, a Dunn’s multiple comparisons post hoc test was performed for pairwise comparisons.
A paired Student’s t-test was used to compare the normally distributed values between the 2 loads,
while a Wilcoxon test was used to compare the non-normally distributed values between the 2
loads. Likewise, the correlation was analyzed using either a Pearson correlation for the normally
distributed data or a Spearman correlation for the data that did not pass the normality test. The
applied statistical tests are detailed in each figure legend. Differences were considered statistically

significant at p < 0.05.
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4 Results

4.1 Peptide and cardiovascular response to physical and mental load

A total of 58 athletes participated in the study. Four peptides (apelin-13, apelin-36, endothelin-1,
NT-proBNP) and additionally, cardiovascular, cardiorespiratory, and metabolic parameters were
recorded for all participants during the physical load. The same 4 peptides and cardiovascular
parameters were recorded during the mental load. Peptide levels (physical and mental), blood
pressure (physical and mental), heart rate (physical and mental), and lactate (only physical)
concentration were recorded at rest (baseline), at maximum load (peak), and 30 minutes after the

maximum load (recovery) (Table 1 and Table 2).
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Table 1. Peptide concentration of the athletes at baseline, peak, and recovery time points in both
loads.
N=58 Peptide concentration RM One-Way

ANOVA/

Friedman test

Physical load Baseline Peak Recovery

Apelin-13 143 +71.5 164 £71.2 137 £63.3 p=10.004
(pg/mL)

Apelin-36 60.2 (49.6-79.5) | 150 (91.6-203) | 45.5 (36.1-66.6) p <0.001
(pg/mL)

Endothelin-1 4.38 (2.98-6.93) | 5.86 (4.16-7.98) | 4.32 (3.16-7.49) p <0.001
(pg/mL)

NT-proBNP 44.7 (20.6-81.3) | 32.7 (21.4-72.5) | 41.8 (30.9-71) p=0.113
(pmol/L)

Mental load Baseline Peak Recovery

Apelin-13 116 (82-165) 114 (95-164) 111 (76-154) p=0.030
(pg/mL)

Apelin-36 62.4 (43.1-100) | 47.6 (35.7-74) 69.5 (46.3-121) p=0.147
(pg/mL)

Endothelin-1 4.4 (2.7-7.08) 4.68 (2.92-7.52) | 4.88 (3.4-7.57) p=0.205
(pg/mL)

NT-proBNP 37.5(22.2-76.5) | 38.2(21.1-77.7) | 38.5 (20.3-87.7) p =0.966
(pmol/L)

Variables are expressed as mean + SD or median (interquartile range, IQR: 25th and 75th percentiles). Data were
analyzed by repeated measures one-way ANOVA or Friedman test to compare the changes in peptide concentration
across 3 time points.

NT-proBNP, N-terminal pro—B-type natriuretic peptide; RM one-way ANOVA, repeated measures one-way
ANOVA.

Acute physical load had a significant effect on apelin-13 (ANOVAF (1.79, 102) = 6.12; p = 0.004),
apelin-36 (Friedman statistic: 30.1; p < 0.001), and endothelin-1 (Friedman statistic: 35.5; p <
0.001) level, while the mental load had a significant effect on apelin-13 (Friedman statistic: 7; p =
0.030). NT-proBNP didn’t change in the physical (Friedman statistic: 4.36; p=0.113) or the mental
load (Friedman statistic: 0.069; p = 0.966).
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Table 2. Cardiovascular and metabolic parameters of athletes at baseline, peak, and recovery
time points in both loads.

Physical load Baseline Peak Recovery RM one-way
ANOVA/

Friedman test

Systolic blood | 143 (135-152) 179 (169-188) 127 (120-133) p <0.001

pressure (mm Hg)

Diastolic  blood | 81 £8 79+9 72 +7 p <0.001

pressure (mm Hg)
Heart rate (bpm) | 70 (61-80) 187 (184-194) 87 (77-93) p <0.001
Blood lactate | 0.92 (0.71-1.23) | 10.9 (9.55-12.5) | 4.35(3.22-5.79) | p <0.001
(mmol/L)

Mental load Baseline Peak Recovery
Systolic blood | 133 £ 12 156 + 13 130+ 10 p <0.001

pressure (mm Hg)

Diastolic  blood | 75 £ 8 89+ 10 74 + 8 p <0.001

pressure (mm Hg)
Heart rate (bpm) | 71 (63-81) 68 (60-79) 62 (54-73) p <0.001

Variables are expressed as mean + SD or median (interquartile range, IQR: 25th and 75th percentiles). Data were
analyzed by repeated measures one-way ANOVA or Friedman test to compare the changes in blood pressure, heart
rate, and blood lactate (in the physical load) concentration across 3 time points.

RM one-way ANOVA, repeated measures one-way ANOVA.

In the physical load, the Friedman test revealed a significant effect of exercise intervention on
systolic blood pressure (Friedman statistic: 124, p < 0.001), heart rate (Friedman statistic: 122, p
< 0.001), and blood lactate (Friedman statistic: 130, p <0.001). Systolic blood pressure increased
at peak load compared to baseline and decreased in recovery compared to peak and baseline
(Dunn's multiple comparisons test, p < 0.001 for all three comparisons). Heart rate increased from
baseline to peak load, and, in recovery, it decreased to a level lower than peak but higher than
baseline (Dunn's multiple comparisons test, p < 0.001 for all three comparisons). Blood lactate
concentration increased at peak load compared to baseline and decreased in recovery compared to

peak (Dunn's multiple comparisons test, p <0.001 for all three comparisons).
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ANOVA revealed a significant effect of exercise intervention on diastolic blood pressure (F (1.82,
117) = 38.2; p < 0.001). Peak DBP decreased significantly in recovery (Tukey’s multiple
comparisons test, p < 0.001), and recovery DBP was significantly lower than baseline DBP
(Tukey’s multiple comparisons test, p < 0.001).

In the mental load, ANOVA revealed a significant effect of simulation intervention on systolic
blood pressure (F (1.57, 95.6) = 152; p <0.001). SBP increased at peak load compared to baseline
(Tukey’s multiple comparisons test, p < 0.001) and decreased in recovery compared to peak
(Tukey’s multiple comparisons test, p < 0.001) and baseline (Tukey’s multiple comparisons test,
p =0.003).

Additionally, ANOVA revealed a significant effect of simulation intervention on diastolic blood
pressure (F (1.59, 96.8) = 160; p <0.001). DBP increased at peak mental load compared to baseline
(Tukey’s multiple comparisons test, p < 0.001) and decreased significantly in recovery (Tukey’s
multiple comparisons test, p < 0.001).

Regarding heart rate in the mental load, the Friedman test revealed a significant effect of simulation
intervention on HR (Friedman statistic: 37.7; p < 0.001). Recovery HR was significantly lower
than peak HR (Dunn's multiple comparisons test, p < 0.001) and baseline HR (Dunn's multiple

comparisons test, p < 0.001).

28



4.2 Apelin-13 response to physical and mental load
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Figure 1. (A) Violin plots comparing the plasma levels of apelin-13 before (baseline), immediately after (peak), and
30 minutes after (recovery) the vita maxima treadmill test. Medians and the 75th and 25th percentiles are shown within
the violin plots. Data were analyzed by repeated measures one-way ANOVA followed by Tukey’s multiple
comparisons test. * p <0.05. (B) Individual apelin-13 responses to the exercise test. Each point represents the change
in a participant’s apelin-13 level from baseline to maximum load. Baseline values are subtracted from peak values and
sorted in ascending order. (C) Violin plots comparing the plasma levels of apelin-13 before (baseline), immediately
after (peak), and 30 minutes after (recovery) the extreme mental test. Medians and the 75th and 25th percentiles are
shown within the violin plots. Data were analyzed by Friedman test followed by Dunn’s multiple comparisons test. *
p <0.05.

Apelin-13 levels changed upon both physical and mental load (Table 1). In the physical load
(Figure 1A), we found a significant increase at peak compared to baseline (p = 0.036) and a
significant decrease at recovery compared to peak (p < 0.001). In the mental load (Figure 1C), the
peak value didn’t change compared to baseline but decreased significantly in recovery (p = 0.042).
Since apelin-13 changed significantly upon physical load, we analyzed the peptide response on an
individual level. Figure 1B shows the individual apelin-13 responses. Each point represents the
change in a subject’s apelin-13 level from baseline to maximum load. Baseline values are
subtracted from peak values and sorted in ascending order. The response was heterogeneous, with

a mean Aapelin-13 level 0of21.9 + 64.4 pg/mL.
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Figure 2. Violin plots comparing the baseline (A), peak (B), recovery (C), and Aapelin-13 (D) levels between the 2
loads. Medians and the 75th and 25th percentiles are shown within the violin plots. Data were analyzed by paired t
test (A, C) or Wilcoxon test (B, D) depending on the distribution of data. * p < 0.05.

Looking at the direct comparison of the 3 main time points in the physical and mental load (Figure
2), the apelin-13 level at the peak of the physical load was significantly higher than the apelin-13
level at the peak of the mental load. There was no difference at other time points.

Regarding the association among apelin-13 and other peptides in the physical load, we found
negative correlations between apelin-13 baseline levels and Aapelin-13, and Aapelin-36 (Figure
3A, B); apelin-13 peak levels and apelin-36 peak levels, and Aapelin-36 (Figure 3C, D); and
apelin-13 recovery levels and Aapelin-36 (Figure 3E).
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Figure 3. Correlation of apelin-13 baseline and Aapelin-13 (A) and Aapelin-36 (B); apelin-13 peak and apelin-36 peak
(C) and Aapelin-36 (D); apelin-13 recovery and Aapelin-36 (E) in the physical load. Data were analyzed by Pearson
correlation.

In the physical load, we found a positive correlation between Aapelin-13 and baseline blood

pressure, peak diastolic blood pressure, circulatory power, maximum MET, and relative VO2max

(Figure 4).
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Figure 4. Correlation of Aapelin-13 and baseline systolic BP (A), baseline diastolic BP (B), peak diastolic BP (C),
maximum MET (D), relative VO2max (E), and circulatory power (F) in the physical load. Data were analyzed by
Pearson correlation (A, B, C, D) or Spearman correlation (E, F) depending on the distribution of data.

In the mental load, we found a positive correlation between apelin-13 baseline and apelin-36

baseline and found a negative correlation between apelin-13 baseline and Aapelin-13; and Aapelin-

13 and baseline systolic blood pressure (Figure 5).
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Figure 5. Correlation of apelin-13 baseline and Aapelin-13 (A) and apelin-36 baseline (B); and Aapelin-13 and baseline
systolic BP (C) in the mental load. Data were analyzed by Spearman correlation.
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4.3 Apelin-36 response to physical and mental load
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Figure 6. (A) Violin plots comparing the plasma levels of apelin-36 before (baseline), immediately after (peak), and
30 minutes after (recovery) the vita maxima treadmill test. Medians and the 75th and 25th percentiles are shown within
the violin plots. Data were analyzed by Friedman test followed by Dunn’s multiple comparisons test. * p < 0.05. (B)
Individual apelin-36 responses to the exercise test. Each point represents the change in a participant’s apelin-36 level
from baseline to maximum load. Baseline values are subtracted from peak values and sorted in ascending order. (C)
Violin plots comparing the plasma levels of apelin-36 before (baseline), immediately after (peak), and 30 minutes
after (recovery) the extreme mental test. Medians and the 75th and 25th percentiles are shown within the violin plots.

Data were analyzed by Friedman test followed by Dunn’s multiple comparisons test.

At the peak of the physical load, apelin-36 levels were significantly higher compared to baseline
(p =0.001) and recovery (p < 0.001). Additionally, 30 minutes into the recovery phase, apelin-36
level decreased to a significantly lower level than baseline (p = 0.033) (Figure 6A). The mental
load did not change apelin-36 levels (Figure 6C).

Since apelin-36 changed significantly upon physical load, we analyzed the peptide response on an
individual level. Figure 6B shows the individual apelin-36 responses. The response was

heterogeneous, with a median Aapelin-36 level of 63.5 pg/mL (IQR, 14.2-141).
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Looking at the direct comparison of the 3 main time points in the physical and mental load (Figure
7), the apelin-36 level at the peak of the physical load was significantly higher than the apelin-36
level at the peak of the mental load. Furthermore, Aapelin-36 was also higher in the physical load

than the mental load. There was no difference at other time points.
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Figure 7. Violin plots comparing the baseline (A), peak (B), recovery (C), and Aapelin-36 (D) levels between the 2
loads. Medians and the 75th and 25th percentiles are shown within the violin plots. Data were analyzed by Wilcoxon

test. * p <0.05.

In the physical load, we found a negative correlation between apelin-36 peak and endothelin-1

baseline; and Aapelin-36 and endothelin-1 peak (Figure 8).
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Figure 8. Correlation of apelin-36 peak and ET-1 baseline (A); and Aapelin-36 and ET-1 peak (B) in the physical load.
Data were analyzed by Spearman correlation.

In the mental load, apelin-36 baseline negatively correlated with Aapelin-36 (Figure 9).
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Figure 9. Correlation of apelin-36 baseline and Aapelin-36 in the mental load. Data were analyzed by Spearman
correlation.
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4.4 Endothelin-1 response to physical and mental load

-10 T T 1
0 20 40 60

Exercise-induced ET-1 change
(pg/mL)

ET-1 concentration
(pg/mL)

Baseline (P) Peak (P) Recovery (P) Aendothelin-1 (P) (pg/mL)

504

401

11l

-10

ET-1 concentration
(pg/mL)

Baseline (M) Peak (M) Recovery (M)

Figure 10. (A) Violin plots comparing the plasma levels of endothelin-1 before (baseline), immediately after (peak),
and 30 minutes after (recovery) the vita maxima treadmill test. Medians and the 75th and 25th percentiles are shown
within the violin plots. Data were analyzed by Friedman test followed by Dunn’s multiple comparisons test. * p <
0.05. (B) Individual endothelin-1 responses to the exercise test. Each point represents the change in a participant’s
endothelin-1 level from baseline to maximum load. Baseline values are subtracted from peak values and sorted in
ascending order. (C) Violin plots comparing the plasma levels of endothelin-1 before (baseline), immediately after
(peak), and 30 minutes after (recovery) the extreme mental test. Medians and the 75th and 25th percentiles are shown

within the violin plots. Data were analyzed by Friedman test followed by Dunn’s multiple comparisons test.

In the physical load, we found a significant increase in endothelin-1 levels at peak compared to
baseline (p < 0.001) and a significant decrease at recovery compared to peak (p < 0.001) (Figure
10A). ET-1 did not change in the mental load (Figure 10C).

Since ET-1 changed significantly upon physical load, we analyzed the peptide response on an
individual level. Figure 10B shows the individual ET-1 responses. The response was

heterogeneous, with a median Aendothelin-1 level of 1.13 pg/mL (IQR, 0.12-2.43).
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Looking at the direct comparison of the 3 main time points in the physical and mental load (Figure
11), the endothelin-1 level at the peak of the physical load was significantly higher than the
endothelin-1 level at the peak of the mental load. Furthermore, Aendothelin-1 was also higher in

the physical load than in the mental load. There was no difference at other time points.
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Figure 11. Violin plots comparing the baseline (A), peak (B), recovery (C), and Aendothelin-1 (D) levels between the
2 loads. Medians and the 75th and 25th percentiles are shown within the violin plots. Data were analyzed by Wilcoxon
test. * p <0.05.
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4.5 NT-proBNP response to physical and mental load
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Figure 12. (A) Violin plots comparing the plasma levels of NT-proBNP before (baseline), immediately after (peak),
and 30 minutes after (recovery) the vita maxima treadmill test. Medians and the 75th and 25th percentiles are shown
within the violin plots. Data were analyzed by Friedman test followed by Dunn’s multiple comparisons test. (B) Violin
plots comparing the plasma levels of NT-proBNP before (baseline), immediately after (peak), and 30 minutes after
(recovery) the extreme mental test. Medians and the 75th and 25th percentiles are shown within the violin plots. Data

were analyzed by Friedman test followed by Dunn’s multiple comparisons test.

The level of NT-proBNP did not change upon either load (Figure 12).
Looking at the direct comparison of the 3 main time points in the physical and mental load (Figure

13), there was no difference at any time point.
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Figure 13. Violin plots comparing the baseline (A), peak (B), recovery (C), and ANT-proBNP (D) levels between the

2 loads. Medians and the 75th and 25th percentiles are shown within the violin plots. Data were analyzed by Wilcoxon

test.

In the mental load, we found a positive correlation between baseline HR and NT-proBNP baseline,

NT-proBNP peak, and NT-proBNP recovery (Figure 14).
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Data were analyzed by Spearman correlation.
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5 Discussion

Professional athletes undergo intense physical and mental loads during regular training and in the
actual games. Both parts are necessary to achieve the best individual performance, and their
synergistic effects are crucial in reaching peak performance. For this reason, we analyzed a group
of professional soccer players in an extreme physical and an extreme mental model and described
changes in circulating apelin-13, apelin-36, endothelin-1, and NT-proBNP levels at different time
points during both loads and their potential role as exerkines in Hungarian professional athletes.
Physical exercise has a profound effect on many bodily tissues, and many of these tissues are able
to secrete exercise-induced factors upon acute or chronic exercise.>>%***> These factors are called
exerkines, and their local and systemic roles in regulating exercise adaptation have become evident
over the last decade.>*!4

Skeletal muscle appears to have the main role in exercise-induced apelin production, though
several tissues might contribute to the overall change in plasma levels. We showed what we believe
for the first time, that apelin-13 shows a transient and heterogenous increase in response to a single
bout of maximum exercise test in professional soccer players. The majority of the participants
responded with elevated plasma apelin-13 levels, while a smaller proportion responded with
reduced plasma apelin-13 levels. This was only true for the physical load, plasma apelin-13 did
not change significantly upon the mental load, which is also evident from the difference between
physical peak and mental peak apelin-13 levels; however, 30 minutes after both loads, the level of
apelin-13 decreased below the respective peak values.

There are conflicting results in the literature about the apelin response to acute or chronic exercise.

HLIIS gthers reported increased® or unchanged''

Some studies reported decreased apelin levels,
apelin levels upon physical exercise. These conflicting results are most likely due to the differences
in the type, intensity, or duration of the acute exercise.”? For example, a single bout of cycling
sprint exercise increased apelin levels,®> 200 meters and 400 meters swimming also increased

apelin levels,* a marathon race reduced apelin levels,'°

while a 50-meter swimming exercise or
a treadmill running bout in healthy individuals did not influence apelin levels.®>*° The
interindividual variability of apelin-13 responses to physical exercise might provide an explanation

for these controversies about exercise-induced apelin release.
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Interestingly, a higher systolic blood pressure before the physical load resulted in a more robust
apelin-13 response, while the opposite was true in the mental load. In contrast, the baseline apelin-
13 level was a good estimate of how either load would affect apelin-13; in both the physical and
mental load, a lower baseline level resulted in a more robust change in apelin-13.

Our research provides valuable insights into the interplay between different apelin isoforms.
Preproapelin is 77 amino acids long and is cleaved into shorter fragments, including both apelin-
36 and apelin-13. It is also clear from the literature that the shorter fragments have higher
biological activity.” In general, there was an inverse relationship between the 2 fragments. Thus,
participants with lower baseline, peak, and recovery apelin-13 levels had higher apelin-36
responses to physical exercise. We also showed the inverse relationship of the two fragments on
the peak of the physical load, where a lower apelin-13 peak correlated with a higher apelin-36
peak. In contrast, when we compared the baseline levels of the 2 peptides in the mental load, we
found a direct relationship: higher apelin-13 baseline levels correlated with higher apelin-36
baseline levels in the mental load.

In some comparisons, apelin-13 and apelin-36 showed similar responses. For instance, the
heterogeneity of the apelin response was observed for both peptides. Another similarity between
the 2 isoforms is that both apelin-36 and apelin-13 were higher on the peak of the physical load
than on the peak of the mental load. Interestingly, however, we found a connection between
endothelin-1 and apelin-36 but not between endothelin-1 and apelin-13.

In the mental load, apelin-36 baseline level was a good estimate of the apelin-36 response: a lower
baseline level resulted in a more robust change in apelin-36. This was observed for apelin-13
baseline level in mental load, too.

The metabolic equivalent (MET) can be used to represent the intensity of the exercise based on
the basic metabolic rate.!®® Another parameter to describe aerobic capacity and cardiorespiratory
fitness is relative VO2max.!®* Yet another parameter to assess the pumping capacity of the heart is
circulatory power, which is the product of VO,max by peak systolic arterial pressure.'®> In our
sample population, all 3 of these cardiopulmonary exercise—related parameters showed a positive
connection with apelin-13, but not with apelin-36. This might suggest the role of apelin-13 in peak
performance.'%® Additionally, the higher the apelin-13 response to physical exercise, the higher the
diastolic pressure. Again, this was only true for apelin-13, not apelin-36. Apelin fragments were

initially thought to be cleaved sequentially from proapelin, meaning that apelin-36 is the first
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cleavage product, and then it is cut into smaller fragments. Later it was reported that the enzyme
furin could directly cut apelin-13 from preapelin without producing longer fragments. These
different isoforms show differential receptor affinity and biological activity,”> which was also
shown in our research. Apelin-13 was closely connected to cardiopulmonary exercise test-related
parameters, while apelin-36 was not. This suggests that the 2 isoforms might play different roles
during acute exercise.

Studies show that a 1 MET increase in exercise capacity means ~10-25% reduction in
mortality. %167 At the peak of the cardiopulmonary exercise test, the soccer players reached a
maximum MET four times higher than the resting MET. The maximum circulatory power was
higher in the soccer players than previously reported values in age-matched, healthy individuals.'®®
In professional athletes, there is a close relationship between physical performance, whole-body
O consumption, and the pumping capability of the heart during maximal cardiopulmonary
exercise testing. This intimate connection was reinforced by the strong association of relative
VO;max with max MET and circulatory power. Relative VO2max values for elite soccer players
were reported between 59.2 and 66.6 mL/kg/min, which is comparable to the relative VOomax
values in our participants.'® Soccer is a team sport where individual players need a combination
of endurance, strength, sprinting, and jumping skills for shorter periods, meaning that aerobic and
anaerobic demands are both present.** However, information on plasma apelin levels in soccer
players is scarce in the literature. In one study of a Serie A team, throughout a season, apelin
showed fluctuations, but no association has been reported between the fluctuating apelin levels
and performance.'”®

Apelin has a potent vasodilator and positive inotropic effect, which is a rare combination among
endogenous agents. The vasodilator effect is NO-dependent, while the inotropy is NO-
independent.’® Increased myofilament Ca*" sensivitity'®*!% and the activation of PKC, ERK1/2,
and MLCK!"' pathways might all be involved in the latter. The blood flow to the contracting
skeletal muscles during intense dynamic exercise can increase up to 100-fold,'" which can only be
accommodated by a significant increase in cardiac output. An increase in heart rate, ventricular
work, and myocardial contractility, all determinants of the cardiac output, leads to an increased
myocardial O> demand, which can be matched by the elevated coronary blood flow,!”? potentially

mediated by apelin-dependent NO production in response to exercise.’*>* Furthermore, apelin may
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balance oxygen demand and supply in the heart and regulate skeletal muscle performance via
exercise-induced hyperemia.'?’

We analyzed endothelin-1 response to physical and mental load. ET-1 is one of the most potent
endogenous inotropic agents.’® Besides the positive inotropy, the peptide has many effects on the
cardiovascular system, coronary vasoconstriction, and positive chronotropy, among others.'** It
has been reported that the tissue levels of ET-1 are potentially higher than the circulating levels.
For instance, the pericardial ET-1 levels can increase up to 200-fold higher than the plasma levels
in certain pathologies.!?*!26:127:128 Qimjlarly to apelin-36, ET-1 increased upon physical load but
did not change upon mental load. Consequently, the peak ET-1 level in the physical load was
significantly higher than the peak ET-1 level in the mental load. ET-1 and apelin have opposite
effects on the vasculature, yet both are potent inotropic agents. ET-1 elicits its vasoconstrictor
effect by binding to the ETa receptor; however, ET-1 binding to the ETg receptor mediates ET-1
clearance, eNOS and NO production.!?” Additionally, the vasorelaxant effects of apelin are also
mediated by the eNOS-NO systems.*!> Both peptides are sensitive to changes in shear stress, and
the active hyperemia during exercise might influence their secretion.*!:!1*313% Altogether, these
findings suggest a fine interplay between the vasoconstrictor and vasodilator effects of ET-1 and
apelin and their close connection to the NO-dependent mechanisms mediating skeletal muscles.
Furthermore, the production of these vasoactive peptides can be significantly and reciprocally
promoted by acute exercise. Of note, the increased apelin or ET-1 plasma concentration might be
merely a spillover of the locally produced amount. '3*

Our results align with other studies in the literature stating that NT-proBNP levels did not change
upon maximal exercise load.!”> However, prolonged strenuous exercise (e.g. marathon running)
increased NT-proBNP levels.!”* Interestingly, in the mental load, the baseline heart rate positively
correlated with all 3 NT-proBNP time points. While cardiac ANPs are stored in secretory granules,
BNPs are not stored to the same extent, meaning that the increased secretion and, subsequently,
the elevated plasma level may require more time than it would for ANP.'*® NT-proBNP is a good
measure of ventricular function since unchanged plasma levels exclude the possibility of cardiac
dysfunction.

Professional athletes are affected by both physical and mental stress during competitive sports.'”
Three of the analyzed 4 peptides increased, on average, upon extreme physical load, while only

apelin-13 changed upon extreme mental load. Additionally, our research showed that apelin-13 is
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an exerkine associated with cardiopulmonary exercise—derived parameters (max MET, relative

VO;max, circulatory power), i.e. athletic performance.
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6 Conclusion, summary of novel findings

We measured circulating peptide responses upon an extreme physical and an extreme mental load
in Hungarian professional soccer players. Apelin-13, apelin-36, and endothelin-1 all responded to
the extreme physical, while only apelin-13 responded to the mental load. NT-proBNP did not
change in either load indicating an intact left ventricular function in our sample population.
Additionally, apelin-13 correlated with measures of physical performance, whole-body oxygen

consumption, and the pumping capability of the heart.

In conclusion, our research provided several novel findings to the exerkine field:

e Apelin-13, apelin-36, and endothelin-1 all showed a transient and heterogenous increase in
response to a single bout of maximum exercise test in professional soccer players

e An inverse relationship exists between apelin-13 and apelin-36 response upon extreme
physical load

e Apelin-13, but not apelin-36, showed an intimate relationship with performance-related
cardiopulmonary exercise parameters

e An inverse relationship exists between endothelin-1 and apelin-36, but not apelin-13, upon

extreme physical load

e In the mental load, the baseline levels of apelin-13 and apelin-36 were good predictors of

the response of the mental load
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7 Limitations

The interest in exerkines over the last two decades has grown rapidly, shifting from analyzing
singular changes of one peptide to exerkine profiling. Our study focused on several exerkines, but
the origin of these factors was not identified in our research. Indeed, analyzing several exerkines
simultaneously with “omics” platforms and documenting the interaction among these factors is the
next step in the exerkine evolution, which was beyond the scope of the current research.

Additionally, many factors influence the exerkine response upon acute exercise: the type and
duration of the exercise, fitness, or timing of sampling. We analyzed 4 peptides in professional
soccer players after a vita maxima treadmill test. Additional research with a different type
(anaerobic vs resistance) or duration (e.g. HIIT) of exercise, and in different sports disciplines, is

necessary to clear the conflicting results in exerkine response.
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MINISZTERIUMA
ORSZAGOS TISZTIFOORVOSI FELADATOKERT FELELOS HELYETTES ALLAMTITKARSAG
EGESZSEGUGYI IGAZGATASI FOOSZTALY

Iktatdszam:  15117-9/2018/EUIG Hiv. szém: -
Ugyintéz6: Dr. Sajtos Janos
Telefon: +36 1 476 1100/2124
Melléklet: -

Térgy: emberen végzett orvostudomanyi kutatas
engedélyezése

HATAROZAT

A ,,GINOP-2.3.2-15-2016-00047 Analitikai és diagnosztikai kutatdsi Kivdlésag kozpont az egészség és a
sportteljesitmény  szolgdlatiban” cimii emberen végzett orvostudomdnyi kutatist a Pécsi
Tudoményegyetem Egészségtudomanyi Kar Fizioterdpids és Sporttudomanyi Intézet (7623 Pécs, Rét u. 4.)
képviseletében Prof. Dr. Téth Miklés kutatasvezetoként elGterjesztett kérelmére az alibbiak szerint

engedélyezem:

- kutatds azonosit6: ,,GINOP-2.3.2-15-2016-00047 Analitikai és diagnosztikai kutatasi kivalésag kézp
az egészség és a sportteljesitmény szolgalataban”
— akutatas anyagi fedezetét biztosité intézmény: GINOP-2.3.2-15-2016-00047 péalyazat
— akutatasban résztvevé intézmény
- Pécsi Tudomanyegyetem Egészségtudoményi Kar (7621 Pécs, Vorosmarty u. 4.)
- Pécsi Tudomanyegyetem Természettudomanyi Kar (7624 Pécs, Ifjisag Gtja 6.)
- Pécsi Tudoményegyetem Altalénos Orvostudomanyi Kar Szentagothai Janos Kutatokdzpont (7624
Pécs, Ifjisag utja 20.)
- Pécsi Tudomanyegyetem Klinikai Kézpont Orvosi Genetikai Intézet (7624 Pécs, Szigeti ut 12.)
- Debreceni Egyetem Sporttudomanyi Koordinaciés Intézet (4032 Debrecen, Egyetem tér 1.)
- Szegedi Tudoményegyetem Szent-Gyodrgyi Albert Klinikai Kézpont 1. sz. Belgy6gyaszati Klinika (6720
Szeged, Koranyi fasor 8-10.)
— akutatasvezeté neve: Prof. Dr. Téth Miklos
— akutatds varhat6 id6tartama: jelen hatdrozat véglegessé valasatol szamitott 2 év 11 hénap
— akutatasba bevonni tervezett résztvevok
- Pécsi Tudoményegyetem Egészségtudomanyi Kar: 325 6, mindkét nem, 12-25 év kozott
- Pécsi Tudoményegyetem Természettudomanyi Kar: 500-1000 f6, mindkét nem, 10-30 év kozott
- Debreceni Egyetem Sporttudomanyi Koordinacids Intézet: 650 f6, mindkét nem, 14-18 év kozott
- Szegedi Tudomanyegyetem Szent-Gyorgyi Albert Klinikai Kozpont I. sz. Belgydgyaszati Klinika:
150 f6, mindkét nem, 18-40 év kozott

A jelen eljarasban szakhatosagként megkeresett Egészségiigyi Tudoményos Tandcs Tudomanyos és Kutatésetikai
Bizoltsaga (1054 Budapest, Alkotmany u. 25., elnok: dr. Schafl Zsuzsa egyelemi lanér, a tovabbiakban: ETT
TUKEB) 25229-5/2018/EKU iigyiratszam allasfoglalasanak rendelkezo részében kimondta:

Cim: 1097 Budapest Albert Florian 0t 2-6. Tel: + 36 1 476 1100, Fax: + 36 1 476 6401
e-mail: tisztifoorvos@emmi.gov.hu



Az orszagos lisztifdorvos nevében az EMMI Orszagos Tisztiféorvosi Feladatokért Felelds Helyettes
Allamnrkarsag Egészségiigyi Iga,.garaSI Féosztalya (a tovabbiakban: orszdgos tisztiféorvos) a(z) Pécsi
Tud, yegyetem Egészségh wi Kar Fizioterdpidas és Sporttudomanyi Intézet (7623 Pécs, Rét u. 4. )
képviseletében Dr. Toth Miklos kutatdsvezetd (tovabbiakban: Kérelmezd) dltal kezdeményezett , Analitikai és
diagnosztikai kutatdsi kivalosag kozpont az egészség és a sportteljesitmény szolgalatdban” cimii, beavatkozdssal
Jjaro kutatas engedélyezésére indult eljarasban felkérte az Egészségiigyi Tudomanyos Tandes Tudomdnyos és
Kutatasetikai Bizottsagat (ETT TUKEB) szakhatésagi allasfoglalas kialakitdsdra.

Az ETT TUKEB a kutatds engedélyezése irdnti kérelmet megvizsgdita és a kivetkez6, testiileti véleményen alapulé
szakhatésagi allasfoglalast hozta:

Az engedély iranti kérelmet az ETT TUKEB szakmai és etikai szempontbol megfelelének taldlta, ezért a kutatds
engedélyezéséhez hozzdjarul.

Jelen szakhatésdgi dllasfoglalas ellen éndll6 fellebbezésnek nincs helye, az csak az orszdagos tisztifdorvos eljarast
befejezé dontése elleni jogorvoslat keretében tamadhaté meg.”

Jelen hatarozatom véglegessé valasaval elrendelem az engedélyezett kutatds hat6sagi nyilvantartasba vételét.

Jelen engedélyem cimzettje miikodése sordn koteles a kutatasi tevékenységhez szitkséges személyi és targyi
feltételeket folyamatosan biztositani, valamint a tovabbi, a tevékenységre eldirt speciélis jogszabalyi eldirdsokat
betartani.

Felhivom a figyelmét, hogy az el6irtak be nem tartdsa esetén egészségiigyi birsag kiszabasara van lehetdség.

Kérelmezd a beadvanyaban Ggy nyilatkozott, hogy nem kereskedelmi kutatést kivan végezni, ennek megfeleléen
eljarasi kéltséget nem éllapitok meg.

Jelen hatérozattal szemben jogszabalysértésre hivatkozassal kozigazgatasi per indithaté a kozlést kdvetd naptol
szamitott 30 napon beliil a Févarosi Kozigazgatasi és Munkatigyi Birésaghoz cimzett, de Hivatalomhoz benytjtott
keresetlevéllel. A kozigazgatasi per illetéke 30.000,- Ft, amely vonatkozasiban a feleket jovedelmi és vagyoni
viszonyaikra tekintet nélkiil illetékfeljegyzési jog illeti meg.

INDOKOLAS

Az Emberi Eréforrdsok Minisztériuma Orszagos Tisztiféorvosi Feladatokért Felelés Helyettes Allamtitkarsaghoz
(a tovabbiakban: EMMI OTFHAT) 2018. mércius 21-én érkezett beadvanyaban Prof. Dr. Téth Miklés a Pécsi
Tudoményegyetem Egészségtudoményi Kar Fizioterapids és Sporttudoményi Intézet (7623 Pécs, Rét u. 4.)
képviseletében ,,GINOP-2.3.2-15 - 2016-00047 Analitikai és diagnosztikai kutatasi kivalosag kozpont az egészség
és a sportteljesitmény szolgélatdban” cimii emberen vegzett orvostudomanyi kutatds engedélyezését kérelmezte az
EMMI OTFHAT-t6l, amely alapjén 2018. mércius 22. napjn kozigazgatasi hatésagi cljarés indult.

A kérelmet megvizsgdltam és megdllapitottam, hogy az hidnyos, érdemben nem biralhaté el. Kérelmezot
hidnypotlasra szoélitottam fel 2018. aprilis 13-én kelt 15117-3/2018/EUIG ikt. szamu végzésben, melyet a
Kérelmez6 2018. aprilis 25-én teljesitett.

A tervezett kutatas rovid leirasa:

Projektiink célja egy eurdpai szinvonalil, sport- és extrém igénybevétel analizisén alapuld, a fizikai teljesitmény
novelésének lehetdségét kutato kivalosdgi kozpont létrehozasa. A muhely munka]anak alapja egy olyan tudasbank
létrehozasa, amely nemzedékek szamdra lehetévé teszi az egészséges teljesitményfokozds kivetését és
megvaldsitasat. Ennek érdekében laboratériumi  kériilmények kozétt és  palyatesztek soran  elvégzett
teljesitménydiag ikai mérések eredményeit, valamint a sportteljesitményhez kapcsolédo edzés hatdsdra
valtozo fiziologiai és biomechanikai paramétereket nagy pontossiggal és megbizhatéan, meghatdrozott
iddszakonként kivanjuk régziteni. A projekt sordn biztositjuk az elvart mindségii bioldgiai mintat (pl. vér, vizelet
és nyal). A mintdk feldolgozdasabol nyen‘ proteomikai és metabolomikai informacick és a sportoldk teljesitménye

kozotti  kapcsolatokat nagy pontossdgii meresek elemzésével hatarozzuk meg. A genetikai, epigenetikai
informacick és az edzésmodszerek da k ¢ hangolasaval lehetéség nyxhk a teljesitményfokozasdra, a
tudomdanyos lizisek és felméré vizsgalatok segitségével sportig- és sportold-specifikus mddszerek

kidolgozasara. Kutatasaink harom fokuszpont koriil koncentralédnak:
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1) Sportolok teljesitményének multifaktorialis non-invaziv diagnosztizalasa tj mérési megkozelitésre alapozott
multifaktoridlis  teljesitménydiag ikai protokoll kifejlesztése, amely alkalmas iskolasok, amatér és
professziondlis sportoldk fizikalis és mentalis vizsgalatira a ,,Virtual reality” (VR), ,,Augmented reality” (AR),
»Eye tracking” (ET), Thermokamera (ThC), 3D szkennelés (3D Sc) eszkézok alkalmazasaval. A cél a
tomeggyartott csiicstechnoldgia (VR, AR, 3D Sc) felhasznaldsdval oleso, sportegészségiigyi centrumokon kiviil is
alkalmazhato, dltaldnos antropometriai és sportag-specifikus sportegészségiigyi-kdzponti vizsgalatok elvégzése.
A szkenneléssel eldallitott adatok alapjan, megfelelo" algoritmusok segitségével objektiv elemzés adhato a
csontozat és vazizom felépitésérdl, allapotarol és eltéréseirdl.
2) Finc litikai kutatasok: Kutatisaink célja et- és nem élsportolok teljestrokep&s‘segenek diagnosztikdja, apré
eltérések kisziirése, illetve kardiovaszkuldris valtozasok és sportadaptacio vizsgalata kontrollalt edzés hatdsara.
Ennek keretében egy, a sportoloé terhelhetéséget egyellelmuen meghala;ozo altaldnos protokollt kivanunk
kidolgozni. Masodlagos célunk a sportolo sport-adaptacidja ghatdrozdsa, vagyis a sporrtevekenyseg daltal
leginkabb tgenybe vett szervek (sziv, tidd, izomzat, :zulelek pszichés statusz) alkalmazkodasa U
meghatdrozasa és valtozasainak longitudinalis kovetése. A finomanalitikai mérések kozvetlen célja a bioldgiai
mintakban (vér, nydl, vizelet, stb.) detektalhaté ismert és ismeretlen stressz-es mds biomarkerek azonositdsa és
mennytsegx meghalaro,.asa ezzel egyiilt a mar meglevo muszeles analitikai eszkozpark tovabbfejlesztése. A
litikai vizsgalatokat a terhelés-élettani vizsgdlatokkal parh kivanjuk elvégezni. A terhelés alatt
ﬁdczmpabol vagy ujjbegybdl vett kevert kapillaris vérbél hatdrozzuk meg a laktdt koncentraciot. A
tomegspektrométeres analizis nem csak vénds, hanem - ahol ezt a mérés elve megengedi - sziirépapiron
beszdritott kevert kapilldris vérbél is kifejlesztésre keriil. Igy a 18 év alatti sportolék is nagy szamban
vizsgalhatok, esetiikben ugyanis a vénds vérminta vétel nehézségekbe litkozik.
3) Teljesitménynovelés, valamint a szervi és szoveti regenerdcio lehetdségeinek vizsgalata molekularis bioldogiai
mechanizmusok feltarasaval. Alapkutatdsainkat az ijonnan kifejlesztett kisérletes edzéstervek végrehajtasa sordn
a sportolok edzettség és teljesitményszintiének dallandé biomechanikai, fiziologiai és pszichés monitorozasaval
parhuzamosan tervezzitk megvalositani. Minimalis vér, vizelet, ill. nydlmintik levételével a molekularis
paraméterek meghatarozdsa (mRNA expresszios profil, miRNA expresszios profil, szekretalt peptidek analizise) a
Szentdgothai Janos Kutatokozpontban torténik majd. A kapott eredményeket a Funciondlis Genomikai
Kutatécsoport bevondsaval kivanjuk elemezni. Kutatdsi eredményeink vdrhatéan az alabbi teriileteken

keriilhetnek hasznositasra: spor tolok (fegyveres testiileti tagok) teljesitményének fol t itorozasa, illetve
timalizalasa, a teljesitn yfokozas f nomhangolasa )eszben rameggyarlott csucstechnologia fellmsznalasaval
(3D teljes testszkenner) részben mi yiségekbdl kozvetleniil az edzés sordn és helyszinén

alkalmazhaté mini-tesztekkel; a kardiolégiai betegek parhuzamos sziirésével a patholdgias versus sportoldi
szivizom-hipertrophia vizsgdlata, megelézési modszertananak kidolgozdsa, mindehhez fiatalkori sziirési stratégia
kife; jleszlese kutatasi eredményeink felhaszndldsa hozzdjarulhat a magyar sport, illetve parasport minél
eredményesebb szerepléséhez a vilagversenyeken, illetve a reménybeli hazai olimpian; eredményeink 1j, eddtg
meg nem ismert cellularis és szerw regeneraclal segxto molekuldaris mechanizmusok megértéséhez és
felfedezéséhez vezethetnek; kutatasi projektiink szamos v hazai és kilfoldi kollabordcié kialakitisara ad
Iehetosege! eldsegitve ezzel fiatal kutatok foglalkoztatasat és nemzetkozi szinvonalii képzését a kontinensek
kozo.”
- kutatas tervezett idétartama: 2 év 11 hénap
- Témavezetd neve: Prof. Dr. Téth Miklés
- Tamogatd/szponzor neve, cime: GINOP-2.3.2-15-2016-00047 palyazat
- kutatohelyek felsorolasa:
- Pécsi Tudoményegyetem Egészségtudoményi Kar (7621 Pécs, Vorésmarty u. 4.)
- Pécsi Tudoményegyetem Természettudoményi Kar (7624 Pécs, Ifjusag utja 6.)
- Pécsi Tudominyegyetem Altalanos Orvostudoméanyi Kar Szentagothai Janos Kutatokdzpont
(7624 Pécs, Ifjusag utja 20.)
- Pécsi Tudomanyegyetem Klinikai Kézpont Orvosi Genetikai Intézet (7624 Pécs, Szigeti ut 12.)
- Debreceni Egyetem Sporttudomanyi Koordinacids Intézet (4032 Debrecen, Egyetem tér 1.)
- Szegedi Tudomanyegyetem Szent-Gy6rgyi Albert Klinikai Kézpont 1. sz. Belgy6gyaszati Klinika
(6720 Szeged, Koréanyi fasor 8-10.)

A kérelemr6l és a kutatasi tervr6]l megdllapitottam, hogy annak tartalma megfelel az emberen végzett
orvostudomanyi kutatdsok, az emberi felhaszndldsra keriilé vizsgalati készitmények klinikai vizsgdlata, valamint
az emberen torténd alkalmazadsra szolgalo, klinikai vizsgalatra szant orvostechnikai eszkozok klinikai vizsgalata
engedélyezési eljardsanak szabdlyairdl sz6lé 235/2009. (X.20.) Korm. rendelet (tovabbiakban: Korményrendelet)
3/A. § (1) és (3) bekezdésében foglaltaknak, tovabba a beadvany tartalmazza a Kormanyrendelet 3/A. § (2)
bekezdése szerinti mellékleteket.
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Az ETT TUKEB szakhatésdgi eljardsa és dllasfoglalasa elsésorban az egészségiigyrol szolo 1997. évi CLIV.
torvény (tovabbiakban: Eiitv.) 158.§ (3) bekezdésén, az Eiitv. 159 § (6) bekezdés a) pontjan, az 531/2017. (XII.
29.) Korm. rendelet 1. melléklet 2. ponljaban foglall ~ Egeszsegu@u ugyek tablazat B: 10. mezdje rendelkezésein,
a 235/2009. (X. 20.) Korm. rend. 7. §, v az zgatdsi rendtartdsrol szolé 2016. évi CL.
61vény (tovabbiakban: Akr.) 55. § (1)-(2) bekezdésein, az Akr. 81 § (1) és (4) bekezdésein alapul.

Az ETT TUKEB hataskérét és illetékességét az 531/2017. (XII. 29.) Korm. rendelet 1. § (1) bekezdése, az
531/2017. (XII. 29.) Korm. rendelet 1. melléklet 2. pontjaban foglalt "Egészségiigyi iigyek” tablazat D:10. mezdje
rendelkezése, valamint a 235/2009. (X. 20.) Korm. rendelet 2. § ¢) pontja dllapitotta meg.

A fellebbezésre az Akr. 55. § (4) bekezdése vonatkozik.”

A benytjtott kérelem, és a csatolt dokumentumok, valamint az ETT TUKEB szakhatosagi allasfoglaldsa és
Hivatalom rendelkezésére 4116 iratok és adatbazis alapjan megéllapitottam, hogy
—  akutatast végz6 a személyi és targyi feltételeknek megfelel,
—  kérelmezé rendelkezik a kutatdshoz sziikséges, az Elitv. 164. § (2) bekezdése szerinti
felelosségbiztositasi szerzddéssel,
—  a kutatdsban résztvevok személyes adatainak kezelése, valamint az azok megismerésére jogosultak
kore megfelel a kutatas kovetelményeinek,
—  atervezett kutatas az Eiitv.-ben meghatarozott feltételeknek megfelel.
Fentiekre tekintettel a kérelmez0 beadvanydban meghatdrozott emberen végzett orvostudomdnyi kutatdst a
Korményrendelet 3. § (1) bekezdésben alapjén a rendelkezo részben foglaltak szerint engedélyeztem, egyittal
rendelkezve a kutatas hat6sagi nyilvantartésba vételérol.

Tekintettel arra, hogy jelen eljaras a fentiekben részletezettek szerint dijmentes, egyéb eljarasi koltség pedig nem
mertilt fel, az eljarési kdltség viselésére vonatkozd dontést melléztem.
Engedélyes figyelmét az alabbiakra hivom fel:

— A Korményrendelet 9. § (3) bekezdése értelmében a kérelmez6 kételes jelen hatarozatrdl értesiteni az
illetékes intézményi etikai bizottsdgot (tovabbiakban: IKEB), a kutatast vezetd intézmény vezet6jét és a
kutatésvezetot.

— A Korményrendelet 11. § (1) bekezdése alapjan a kutatdsi engedély véglegessé valasat kovetden a

kérelmezé a kutatdsi tervet modosithatja, ezt a kérelmezo kételes bejelenteni Hivatalomnak.

— A Kormanyrendelet 11. § (2) bekezdése értelmében a kutatdsi terv lényeges modositdsa esetén a
kérelmez6nek az engedély mddositasat kell kérelmeznie az engedélyezonél. A kutatasi terv lényeges
modositasanak mindsiil kiilondsen, ha

a) a mddositas hatdssal lehet a kutatasban résztvevok biztonségara,

b) a moédositds megvaltoztathatja a kutatds elvégzését alatdmaszté tudoményos dokumentumok
értelmezését,

¢) a mbdositas a kutatok részére készitett ismertetot érinti,

d) az addigi kutatasi eredmények az irdsos tédjékoztaté modositasat teszik sziikségessé,

¢) a kutatasba vj kutatasi helyszin keriil bevonésra, vagy

/) akutatas vezetdjének személye valtozik.

— A Korményrendelet 14. § (1) bekezdése szerint: Ha a kérelmezd kivanja a kutatast annak befejezése
elott felfliggeszteni vagy megsziintetni, errél az indokok felsorolasaval legkésébb a felfiiggesztéssel
vagy megsziintetéssel egyidejlileg értesiti az engedélyezot, az etikai bizottsdgot, a szakértét, és tobb
kozpontban végzett kutatas esetén valamennyi érintett magyarorszagi kutatéhelyet.

— A Korméanyrendelet 14. § (2) bekezdése értelmében a kutaté a kutatast koteles haladéktalanul
felfliggeszteni és a kutatasvezetét értesiteni, ha azt tapasztalja, hogy a kutatds folytatdsa a résztvevé
alanyok életét vagy egészségét sérti vagy veszélyezteti. A kutatdsvezetd errdl értesiti a kérelmezét és az
engedélyez6t annak érdekében, hogy sziikség esetén az engedélyez6 a 13. § (1)-(2) bekezdésében
foglaltak alapjan jarjon el.

— Az EiiM rendelet 20. §-a alapjan a kutatds vezetdje, jelentési kotelezettsége keretében a kutatds
megkezdésétsl kezdve minden masodik év végén, valamint a kutatds befejezését kdvetd 15 napon beliil
kételes jelentést kiildeni Hivatalomnak, az ETT TUKEB-nek és a kutatast végz intézményben miksdo
IKEB-nek. A jelentésben be kell szamolni a kutatds tapasztalatairél, a ténylegesen bevont betegek
szamarél, valamint kiilén-kiilén az eléfordult nem kivanatos eseményekrél, és a siilyos nem kivanatos
eseményekrdl. A kutatds akkor tekinthetd befejezettnek, ha minden beteg — kutatasi terv szerinti —
utolsé észlelése megtortént.

— A fenti bejelentési, adatszolgaltatasi kotelezettségek elmulasztisa esetén az egészségiigyi hatosagi és
igazgatasi tevékenységrdl szolo 1991. évi XI. 1orvény (a tovabbiakban: Ehi.) 13/A § (1a) bekezdése
alapjan egészségiigyi birsdg kiszabasénak van helye.

6
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Az Ehi. 13/A § (1b) bekezdése értelmében tovabba egészségiigyi birsag kiszabasanak van helye akkor
is, ha jelen engedély el6irasait engedélyes nem tartja be.

Az egészségiigyi birsag osszege az Ehi. 13/A § (5) bekezdése szerint harmincezer forintt6l 6tmillio
forintig terjedhet.

Jelen hatarozatomat az Eiitv. 159. § (6) bekezdésében, a Kormanyrendelet 3. § (1) bekezdésében, a fovérosi és
megyei korményhivatal, valamint a jérasi (févarosi keriileti) hivatal népegészségiigyi feladatai ellatasardl, tovabba
az egészségiigyi allamigazgatasi szerv kijelolésérol szol6 385/2016. (XI1. 2.) Korm. rendelet (tovabbiakban: KR.)
8. § (1) bekezdés bc) pontjdban meghatarozott hataskéromben eljarva adtam ki.

Illetékességemet a KR. 13. § (3) bekezdése hatdrozza meg.

A hatérozat annak kozlésével egyidejiileg az Akr. 82. § (1) bekezdésének rendelkezése alapjén végleges.

Hatarozatom ellen a fellebbezés lehetéségét az Akr. 116. § (1)-(2) bekezdése zarja ki. A hatérozattal szembeni
kozigazgatasi per inditisinak az Akr. 114. § (1) bekezdése alapjan van helye. A Févérosi Kozigazgatasi és
Munkaiigyi Birésag hataskorét és illetékességét a kozigazgatasi perrendtartasrol szol6 2017. évi L. torvény (Kp.)
12. § (1) bekezdése és az Eiitv. 158. § (5) bekezdése hatdrozza meg. A keresetlevél benyujtasanak helyérol és
idejérol a Kp. 39. § (1) bekezdése szerint adtam tajékoztatést.

Az illeték mértékét az illetékekrdl szold 1990. évi XCIIIL. térvény (tovabbiakban: Itv.) 45/A. § (1) bekezdése
hatarozza meg. Az illetékfeljegyzési jogrol az Itv. 62. § (1) bekezdés h) pontja rendelkezik.

Budapest, 2018. majus 14.

Az Emberi Erdforrasok Minisztériuma Szervezeti és Miikodési Szabalyzatarél szolé 33/2014. (IX. 16.) EMMI
utasitds alapjan az orszagos tisztiféorvos nevében eljarva:

Kapjik:
1. Prof. Dr. Téth Miklés, Pécsi Tudomanyegyetem Egészségtudoméanyi Kar Fizioterapids ¢és
Sporttudoményi Intézet, 7623 Pécs, Rét u. 4. tothmik 1 @hotmail.com (TV)
2. Egészségiigyi Tudomanyos Tandcs Tudomanyos és Kutatisetikai Bizottsag, levelezési cim: 1051
Budapest, Széchenyi Istvéan tér 7-8. (TV)
Nemzeti Egészségbiztositasi Alapkezeld, 1139 Budapest, Véci ut 73/A. (TV)
Irattar

o o
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Appendix 2

VIZSGALATI TAJEKOZTATO

Tisztelt Uram!

A mdomany fejlodésével a betegségek vizspalatdban és kezelésében egyre jabb molekulak
szerepének vizsgalata vialik sziiksépessé. A kulatbsaink nagymértékben eldsegithetik a stressz
egiésrsiges és killonbdzd kordllapotokban a keringésre gyvakorolt hatisaival kapesolatos ismereteink
biviilésél. Eredményeink kiozelebb wvihetnek a sportolin  siressz  feldolgozis  sajdtossagainak
megismeréséhez, tovibbd nagy srerepet t6lthet be a sportoldi rosszindulatd, akdr végretes
nimuszavarokra, sportolol hirtelen szivhalilra vald hajlam felismerésében.

Az eddig még e téren ismeretlen szerepil molekuliak milkidésének pontosabb megismerése
wdomanyos vizsgalatok dltal lehetséges. Az ebben vald kieremiikidésre kérjik fel Ont.

A vizsgilat cime: oA pszichés illetve a fizikilis stressz szevepének vizsgalata sportoldknal*

WVizsghlatunk két helvszinen zajlik egymist kivetd killinbizt napokon.

Az elsd vizsgdlat sordn az ergometna laborban (futdszalaggal / kerékparral) fizikan megterhelésnek
tessziik ki, és az élettami paraméterek (pulzus szam, vérnyomds, vér oxigén telitettsépe, EKG) mellett
specialis, a stressz Kialakulisiban és a keringés szabdlyvozisiban részt vevd molekulik szintjét mérik
az On vérdéhen (Adrenalin, Noradrenalin, Doparmin, Cortisol, Angiotenzin-11, Endothelin-1, Oxytocin,
tesroszieron, ACTH, ADP, IL-6, IL-10. teljes oxidativ kapacitis, Hsp70 ill. Hsp 60). A vizsgilat
sorin Hbb alkalommal (terhelés elai illetve terhelés utin 0, 30, 60 & 120 perceel) veszink kb, 18 ml
vért Ontdl. A vérvételhez vénaszlirisma van sziikség hagyomianyos egyszer hasznilatos vérvételi tivel.
A vérvétel iddpontokkal megegvezien flilcimpdbol kKapillirisvércsepp-mintal 15 veszink sairdpapirra.
A levent mintikon biokémiai, laboratdriumi méréseket végriink. A vizgsgalatok alacsony kockézatiak
(szividmény lehetdségek: a bir helyi imithcidja, vénagyulladias, kis ménékil véraés, véralafuras).

A mibsodik vizsgalali napon egy specidlis Lélektaktikan hazban a valdsigot jol mintied virtudlis
valdsigban hajtatunk vépgre nem mindennapi, de bdrmikor eléfordulhatd szituicids feladatokat. Ennek
sorin fokozoit pszichés siressz keletkenk a szervezetben, mely kozben a finkalis terhelés sorin s
mért Elettant mutatokat monitorozzuk.

A vizgsgilatok sorin whb alkalommal (terhelés eldit nyugalomban, terhelés uiin 8 megnyugvisi
szaknszban) hagvominvos modszerrel 12 elvezetéses EKG felvételeket készitink. Ez a vizsgalat
beavatkozissal vagy fajdalommal illetve szdvidménnyel nem jir.

A szimos betegen tervezetl vizgsgalat reméljilk, kizelebb visz a stressz hatisdnak pontosabb
megismeréséhez, igy hatékonvabb tréningmodszer alakithatd ki. A kutatis eredményer dltal az
epdspséy megirzésében, a sérilések elkeriilésében is jobb lehetdségekhez jul a sportold é5 az edzdje
egyarant. Az dltalunk tervezett kutatds eredménye egészségesebb, hatékonyabb versenyzd lesz.

Kérjitk ezért Ont, jiruljon ahhoz hozzd, hogy az Onbél eltdvolitott vérmintdkon kizirdlag
wdomanyos (nem kereskedelmi céld!) vizsgdlatokat végerhessik. igy ez az On érdekeit semmiben
nem sérti, azaz semmiféle beavatkozist nem igénvel, a feldolgozis névielendl toriénik, viszont
eldsegithets az orvostudomany feglodéséer

Kaszinetiel az egyviittmiikodésdnt,

Prof. Dr. Toth Miklos Dr. Komka Zsolt
tanszékvezeld laborvezeid
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Appendix 3

1. Vizsgalati beleegyezo nyilatkozat — SE-TSK
A vizsgalat cime: , 4 pszichés illetve a fizikalis siressz szerepének vizsgalata sporiolsimal”
A vizsgilat azonosito szama:

Alulirott (nyomtatott betiklel):

anyja neve:

zziiletési hely:
TAT zzam:
lakcim:

Onként vallalkozom a Semmelweis Egyetem Testnevelési és Sporttudoményi Kardnak
Egészzégtudomanyi €3 Sportorvosi Tanszékén (1123 Budapest, Alkotas u. 44.) folytatott
vizsgalathan vald részvételre. A szobeli tijékoztatas sorén modomban allt kérdéseloet feltenni.
Elolvastam az lIrdsos vizsgalati tdjekoztatot (mellékelve), €z megértettern azt A
vizsgalatoldkal kapesolatban felmerdlt kerdéseimre kielégitd valaszt kaptam. Tudomaszul
vezzem, hogy a vizsgdlat adatai anonim (név nélkil) moédon mdomanyes feldolgozazra
bocsatjale. Tajékoztattale tovabba amdl 1s, hogy a vizsgalat soran a tovabbi részvételemet
barmikor megtagadhatom, ezt akar szoban iz kizdlhetem, és ebbidl a kesdbbickben semmilyen
hatranyom nem szarmazile Az Irdsos betegtajélooztats egy példanyit atvettem.

Budapest, 201 . ho nap

A vizsgalt szemely alairdsa

Alulirott (nyomtatott betikdeel):

beosztas:
munkalkdr:
munkahely:

ismertettem a tervezett klinikai vizsgalat céljat, lényeget, valamint részletesen elmagyardztam,
hogy milven beavatkozasokra keriil zor.

Budapest. 201 . ho hap

A tajekoztatist ado személy alafrasa
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Appendix 4

2. Vizsgalati beleegyez6 nyilatkozat —- BM NOK
A vizsgalat cime: ,, 4 pszichés, illetve a fizikalis stressz szerepének vizsgdlata sportoléknal”
A vizsgalat azonositd szama:

Alulirott (nyomtatott betiikkel):

anyja neve:

sziiletés1 hely:
TAJ szam:
lakcim:

Onként villalkozom a Beliigyminisztérium, Nemzetkdzi Oktatisi Kézpont Lélektaktikai
Hézdban (1126 Bp., Boszérményi Gt 21.) folytatott vizsgalatban vald részvetelre. A szobeli
tajekoztatas soran modomban allt kerdeseket feltenni. Elolvastam az Irasos vizsgalat
tajekoztatot (mellekelve), és megértettem azt. A vizsgalatokkal kapcsolatban felmeriilt
kérdeseimre kielégitd valaszt kaptam. Tudomasul veszem, hogy a vizsgdlat adatal anonim
(név nélkiil) modon tudoméanyos feldolgozasra bocsatjak. Tajekoztattak tovabba arrol is, hogy
a vizsgilat soran a tovabbi részvételemet barmikor megtagadhatom, ezt akar szdban is
kozolhetem, és ebbdl a késébbiekben semmilyen hatrinyom nem szirmazik. Az frisos
betegtajekoztato egy példanyat atvettem.

Budapest, 201 . ho nap

A vizsgalt személy alairasa

Alulirott (nyomtatott betiikkel):

beosztas:

munkakér:

munkahely:

1smertettemn a tervezett klinikar vizsgalat celjat, lenyegét, valamint részletesen elmagyaraztam,
hogy milyen beavatkozasokra keriil sor.

Budapest, 201 . ho nap

A tdjekoztatast ado szemely alairasa
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Appendix 5

7. sz. melléklet
DOKTORI ERTEKEZES BENYUJTASA ES NYILATKOZAT A DOLGOZAT
EREDETISEGEROL
Alulirott

név: Ligetvari Roland

sziiletési név: Ligetvari Roland

anyja neve: Polgédr Bernadett

sziiletési hely, id6: Tatabdnya, 1989.08.15

Effects of Extreme Physical and Mental Load on Circulating Exerkines in Professional
Athletes cimi doktori értekezésemet a mai napon benytijtom a(z)

Pécsi Tudoményegyetem Egészségtudomanyi Doktori Iskola 7. Program/PR-7 (Sport és
Egészségtudomany), S-26 (A kardiorespiratdrikus rendszer szabalyozasa megnovekedett
fizikalis és pszichés terhelés alatt) Programjdhoz/témacsoportjahoz

Témavezetd(k) neve: Prof Dr. Acs Pongrac, Prof, Dr. Téth Miklés

Egyqttal nyilatkozom, hogy jelen eljirds soran benyujtott doktori értekezésemet

- kordbban mas doktori iskolaba (sem hazai, sem kiilf6ldi egyetemen) nem nyiijtottam be,
- fokozatszerzési eljérasra jelentkezésemet két éven beliil nem utasitottak el,

- az elmult két esztend6ben nem volt sikertelen doktori eljardsom,

- 6t éven beliil doktori fokozatom visszavonésara nem kertiilt sor,

- értekezésem Onallé munka, mas szellemi alkotdsat sajdtomként nem mutattam be, az
irodalmi hivatkozésok epyértelmiiek és teljesek, az értekezés elkészitésénél hamis vagy
hamisitott adatokat nem hasznaltam.

Tovabbd nyilatkozom, hogy hozzdjérulok a doktori értekezésem DOI azonositd
igényléséhez.

Datum: . PH(S, 1004 044

...............................................

...........................................

témavezetd aldirdsa tarstémavezetd aldirdsa

............ et T il
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