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Abstract: Freeskiing is performed in an extreme environment with significant physical effort that can induce reactive oxygen species (ROS) generation and dehydration. This study aimed to investigate the evolution of the oxy-inflammation and hydration status during a freeskiing training season with non-invasive methods. Eight trained freeskiers were investigated during a season training: T0 (beginning), T1-T3 (training sessions) and T4 (after the end). Blood Urine and saliva were collected at T0, before (A) and after (B) T1-T3 and at T4. ROS, total antoxidant capacity (TAC), interleukin-6 (IL-6), nitric oxide (NO) derivatives, neopterin and electrolytes balance changes were investigated. We found significant increase in ROS generation (T1A-B +71%; T2A-B +65%; T3A-B +49%; p<0.05-0.01) and IL-6 (T2A-B +112%; T3A-B +133%; p<0.01). We did not observe significant variation of TAC and NOx after training sessions. Furthermore, ROS and IL-6 showed statistically significant difference between T0 and T4 (ROS + 48%, IL-6 + 86%; p<0.05). Freeskiing induced an increase of ROS production, that can be contained by antioxidant defense activation, and of IL-6 as consequence of physical activity and skeletal muscular contraction. We did not find deep changes in electrolytes balance, probably because all freeskiers were well trained and very experienced.
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1. Introduction
Freeskiing is a specific type of alpine skiing, where athletes which involves tricks, jumps, and terrain park features, such as rails, boxes, jibs, or other obstacles. During training sessions, Freeskiers twist and throw the bodyweight in addition to the weight of the equipment leading to a rapid transition of the leg tension that propels the athletes and allows for tricks and rotations in vertical and horizontal planes of rotations [1].  ROS effects in athletes range from antioxidant metabolism, abnormal uric acid release, generation of lipid peroxidation products to macromolecules damage [8-10]. Physical exercise is a well-known source of reactive oxygen species (ROS) in response to raised O2 utilization to sustain the effort [12], especially in skeletal muscles and to a lesser extend in several tissues including heart, lungs or blood [13 2]. ROS play a key role in the modulation of cell redox status, signaling processes, and are involved in the regulation of several patho-physiological mechanisms [6, 7 3,4]. Nevertheless, a prolonged duration as well as a high intensity of endurance training can lead to increased ROS production, possible macromolecule damage, and thereby to oxidative stress [14-17 5-8], compromising the efficacy of immune system, and inflammatory response [18 9]. Furthermore, oxidative stress might induce programmed cell death, typically through intrinsic apoptotic pathways [19 10]. These effects can damage the skeletal muscle reducing physical performance [11]. 
In alpine ski athletes, the imbalance between pro and antioxidant species results in an excess of ROS that brings to oxidative stress condition as is a consequence of the cumulative effect of intensive exercise and hypoxia at moderate altitude [20, 21 12, 13]. In ski athletes, Some authors found the oxidative stress peak during the midseason [22 14] with an increase of uric acid and oxidized low-density lipoproteins (LDL) decrease that could be definitely expressed as an imbalance between pro and antioxidants in favor of excess ROS production [23 15]. Besides, ROS production, increase of nitric oxide (NO), a signaling molecule involved in response to acute sessions of exercise [24, 25] to adapt the body to exercise training [24 16], can be found under stressful condition [27 17]. NO can react with superoxide anion (O22-) giving rise to aggressive reactive nitrogen species (RNS) such as peroxynitrite (ONOO-) [28 18] exacerbating the oxidative stress. 
It is well known that physical training improves the efficiency of endogenous antioxidant system reducing exercise-induced oxidative stress [2, 3 19, 20]. However, prolonged training session can reduce the efficiency of antioxidant defenses leading to an excessive production of [4, 5 21,22].
Environmental conditions such as cold and dry air can lead to raised respiration water loss, reduced thirst perception and increased diuresis [29, 30 23, 24]. This cold-related diuresis seems to be the consequence of raised atrial naturetic peptide secretion and/or inhibition of antidiuretic hormone release [31 25], accelerating free water clearance and increasing urine volume which, if left unchecked, impairs fluid balance [32 26]. If the fluid intake can’t balance, dehydration occurs, causing a state of hypohydration. During races, athletes often avoid drinking much while are on the slopes because of practical reason getting worse their hydration status [29 23]. Since both hypohydration and dehydration may compromise performance, equally important is re-hydrating during recovery because a decreased intracellular fluid volume is reported to impair glycogen and protein resynthesis [33, 34 27, 28]. 
The aims of this study were to examine, for the first time the free skiers athletes, and moreover with non-invasive methods [29, 30], the evolution of the oxy-inflammation and hydration status during a training season of freeskiing, is a sport performed in an extreme environment with significant physical effort, Therefore, these combined factors can inducing a ROS production and electrolytes imbalance. 
The method herein presented allowing reliable, simply, and noninvasive measurement (saliva and urine samples) in order to screen and monitor the subject on field and that would become a routine test carried out, for samples collection, by not professional personal too. 
2. Materials and Methods
2.1. Subjects
The Prato Nevoso freeskiers team, eight male experts trained freeskiers (mean: age 25.1 ± 6.1; height 179.5 ± 7.0 cm; weight 72.4 ± 7.3 kg and BMI 22.5 ± 2.4) were investigated during a training season. Volunteers were not professional athletes and trained from Friday to Sunday as they were busy with their respective jobs during the week. During the week they practice discontinuously other sports including cycling, indoor climbing, surfing, skating. 
During the first session (T0), a questionnaire was administered to collect data on the subjects’ training experience. On average, the subjects had 11.3 ± 9.8 years of alpine ski and freeskiing experience. 
Blood pressure was recorded in triplicate by an automatically inflating cuff around the upper arm (Omron M7, Intelli IT, Omron, Japan), and peripheral arterial oxygen saturation (SpO2) was measured using a pulse oximeter (TuffSat, GE Datex Ohmeda, USA).
No subject reported previous episodes of Mountain Acute Sickness, historical or clinical evidence of arterial hypertension, cardiac, pulmonary or any other significant disease, none of them took prescription drugs, suffered any acute disease during the 15 days before the experiment, reported assumption of anti-inflammatory drugs in the 7 days before the experiment or performed intense physical effort in the 7 days before any training session. All athletes were no smokers and in good health. 
All the athletes received an explanation of the study’s purposes, risks and benefits, were familiarized with the experimental protocol and read and signed a specific informed consent form before the experiment. The study was conducted in accordance with the Helsinki Declaration and was approved by the Ethical Committee of Università degli Studi di Milano, Italy (Aut. n 37/17).

2.2. Experimental design
This observational study was carried on during Ski season, from 8th December 2021 to 17th April 2022, in Prato Nevoso Ski resort, at 1480m (Frabosa Sottana, CN, Italy), see Figure 1. Frieskiers performed their training sessions in Prato Nevoso snowpark, an area of a ski resort track or ski trail, created for snowboarders and freeskiers to do tricks. 
Biological samples were collected and measurements were carried out as follow:
•	In December (T0) before the season beginning. These were basal measures;
•	In February (T1) at the start of training session;
•	In March (T2) during the middle period of the season;
•	In April (T3) at the end of the season;
•	In June (T4) two months after the end of the season.
All the sessions were performed on Saturday.
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Figure 1. Study protocol design, seasonal circle and session training. Freeskiing athletes were tested five times across a competitive season: at the beginning (T0); every month (T1, T2, and T3); and two months after the end of the season (T4). Furthermore, as shown in the scheme on the right of the figure, from T1 to T3, the athletes were tested pre (A) and post (B) training session.

2.2.1. Training exercise session
As shown in Figure 1, from T1 to T3, the freeskiing athletes were tested pre and post training session. Daily training consisted of 4 hours (9.00 am – 1.00 pm) distributed as follow:
•	9.00 – 9.15 am: dry land warm-up (Stretching) before to go to ski run;
•	9.15 – 10.00 am: warm-up on skin run (Flat Tricks);
•	10.00 – 10.15 am: Speed and Snow condition check;
•	10.15 – 11.30 am: Riding in Snow Park part 1 (jumps, rails, jibbing, slang);
•	11.30 – 11.45 am: break;
•	11.45 am – 1.00 pm: Riding in Snow Park part 2 (jumps, rails, jibbing, slang).
During warm-up, subjects ran across the ski track close to snowpark three times, performing some flat tricks:
•	Hand Drag 180, a 180° turn with landing on the hands while the legs are up in the air and Hand Drag 360, a full turn with the legs up in the air while landing on the hands.
•	Nollie, a jump on a flat slope when skier push from his noses and Nollie 180, a jump similar to Nollie with a 180° turn.
•	 Nose Butter 360, a 360° rotation around vertical axis with pressure being put on the noses and Nose Butter 540, a 540° rotation around vertical axis with pressure being put on the noses, in the end the back.
•	Switch tail butter 360, a 360 ° rotation around vertical axis with pressure being put on the tails, performed from switch.
After warm-up, the rides in snowpark were performed after a check of snow consistency. In every training session, all the athletes respected the training plan and the timing. Freeskiers ride the snow park line of Prato Nevoso Ski resort six times with a break between the third and the fourth ride. 
The snow park line consists of an area of a ski trail with dedicated structures (jumps, rails, jibbing, slang), created for freeskiers to do tricks and The Prato Nevoso snow park line included 2 jumps, 2 rails, 2 slang and 1 jibbing area for a total length of 500 m:
-      1st 100 m: 2 Nose Butter 360 and 1 Nose Butter 540
-          2nd 100 m: 3 Switch tail butter 360
-          3th 100 m: 2 Nose Butter 360 and 2 Nose Butter 540.
-          4th 100 m: 2 Nollie and 2 Nollie 180
-          5th 100 m: 2 Switch tail butter 360, 1 Hand drag 180 and 1 Hand Drag 360.
Chairlift takes 9 minutes to reach the top of the snow park.  During the recorded training sessions, the air temperature ranged from -9 to -2 °C, wind from 11 to 13 km/h and humidity from 57 to 85 %. 

2.3. Sample collection
Approximately 1 ml of saliva was collected before (A) and after (B) the training session using a Salivette device (Sarstedt, Nümbrecht, Germany) before storage, saliva samples were centrifuged at 3000 rpm for 20 minutes. [35 31]. Also, urine samples were collected by voluntary voiding in a sterile container before and after the training session. The samples collection at the pre (baseline) was always done about at 8.30 am.
All biological samples were initially stored at 4 °C in a portable cooler during the transport back to the laboratory, aliquoted, then stored at − 20 °C until assayed and thawed only once before analysis.

2.4. Biomarkers assessment
2.4.1. Reactive oxygen species (ROS) and Total antioxidant capacity (TAC)
An X-band electron paramagnetic resonance spectroscopy (EPR, 9.3 GHz) (E-Scan, Bruker Co., MA, USA) was used to detect ROS production and TAC in saliva samples. Methods were previously described [36-40   29, 30, 32-34], briefly spin probe CMH (1-hydroxy-3-methoxy- carbonyl-2,2,5,5-tetramethylpyrrolidine) was used for ROS determination, and a stable radical CP· (3-carboxy2,2,5,5-tetramethyl-1-pyrrolidi-nyloxy) was used as an external reference to convert ROS determinations into absolute quantitative values (μmol.min−1). Spin-trap 1,1-diphenyl- 2-picrylhydrazyl (DPPH•) was used to measured TAC. The calculated antioxidant capacity was expressed in terms of Trolox equivalent antioxidant capacity (TAC, mM). 
All samples were stabilized at 37 °C using a Temperature Controller unit (Noxigen Science Transfer & Diagnostics GmbH, Germany), interfaced with the spectrometer.


2.4.2. Interleukin-6 (IL-6)
IL-6 urinary levels were determined by ELISA kit (Cayman Chemical, Ann Arbor, MI, USA, Item No. 501030), according to the manufacturer’s instructions. The determinations were assessed in duplicate, and the inter-assay coefficient of variation was in the range indicated by the manufacturer.

2.4.3. NO metabolites
NO derivatives, nitrate and nitrite (NO2+NO3=NOx), were measured in urine samples at a ratio of 1:20, Standard solutions of NaNO3 in a concentration range from 5 to 200 µM were used to build the calibration curve. NOx was determined according to Brizzolari et al 2021[41]. by a colorimetric method based on the Griess reaction, using a commercial kit (Cayman Chemical, Ann Arbor, MI, USA) previously described [35]. Samples were read at 545 nm and the concentration was assessed by a standard curve. 

2.4.4. Creatinine, uric acid and electrolytes
Creatinine, urea, uric acid, sodium (Na+), potassium (K+), chlorine (Cl-), magnesium (Mg2+), phosphorus (P) and Calcium (Ca2+) and total proteins were investigated in urine samples. Urine samples were defrizzed, at room temperature, shacked with the Vortex for 5 s for homogenization before the analysis. Briefly, 500μl of each sample were placed in a plastic test tube. The test tubes were allocated in the auto sampler of a Roche Cobas® 6000 analyzer (Roche Diagnostics, Basel, Switzerland). The reported total imprecision was < 2.8 %, while the intra assay CV % was < 1.8%.

2.4.5. Neopterin
Neopterin urinary concentrations were measured by high-performance liquid chromatography (HPLC) method, as previously described [38, 42 33, 36]. The calibration curve was linear over the range of 0.125–1 µmol/L. Inter-assay and intra-assay coefficients of variation were <5%.

2.4.6. Urine test strip  
The Urine Test Strip (Siemens Healthcare S.r.l. 10sys Multistix, Italy) was used for semi-quantitative determinations of pH, urobilinogen, bilirubin, ketones, specific gravity/density and leukocytes in urine. Test was immediately performed after sample collection in duplicate for each subject.

2.5. Scale for assessment of physical fatigue and recovery
The subject perceived exertion was assessed immediately after every training session, based on the physical sensations and muscle fatigue, was assessed by BORG Rate of Perceived Exertion scale (RPE) [43 37].
The quality of training recovery was assessed at pre-session training, referred to the last training by Total Quality of Recovery scale (TQR) proposed by Kenttä and Hassmén [44 38].
To study the subjective mood, general wellness (happy/unhappy, rested/tired) general sensation (hot/cold, calm/agitation), and head no pain/pain were evaluated using a 0–100mm visual analog scale (VAS) to test the subjective perception [45 39]. If pain is present, its location was requested. 
The Profile of Mood States (POMS) is a popular tool among sport psychologists who have used it to compare the prevailing moods of elite athletes and non-athletes. In short-form, was administered to measured certain psychological traits, focusing on tension-anxiety, depression-dejection, anger-hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment on a five-point scale from 0 to 4 [46-48 40-42]. High vigor scores reflect a good mood or emotion, and low scores in the other subscales reflect a good mood or emotion.

2.6. Statistical analysis
Analysis was performed using the GraphPad Prism package (GraphPad Prism 9.5.0, GraphPad Software Inc., San Diego, USA) and SPSS statistics software (IBM corporation). Data are presented as mean ± SD. Statistical analyses were performed using: non-parametric tests, Wilcoxon matched-pairs signed-rank test for independent samples due to the small sample size for compared pre vs. post training session; and ANOVA repeated measures, with Dunn’s multiple comparison tests to further check the among-groups significance. A p<0.05 value was considered statistically significant.  dCohen with 95% CI was used for calculating the size effect. Moreover, we used the Hopkins scale for classification of the effect size. Change Δ% estimation [((post value-pre value)/pre-value) × 100] is also reported in the text.

3. Results
Physiological parameters obtained at the different time-points during the season are reported in Table 1. At the end of the season, a significant (p<0.05) decrease in systolic blood pressure was recorded, dCohen=0.97.

Table 1. Physiological parameters from all subjects at the baseline (T0) and during the season: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; SpO2: Arterial Oxygen Saturation. Data are displayed as mean ± SD. Statistically significant differences symbols: *p<0.05 respect T0.
	Parameter
	Time Point

	
	T0
	T1
	T2
	T3
	T4

	SpO2 (%)
	97.0 ± 0.9
	97.4± 1.1
	97.3± 1.1
	97.1± 1.0
	97.5± 1.3

	SBP (mmHg) (mmHg)
	135.6 ± 24.9
	120.0 ± 7.3
	116.9 ± 16.4
	117.9 ± 5.8
	116.5 ± 12.1*

	DBP (mmHg)
	79.5 ± 11.3
	76.8 ± 5.4
	65.2± 5.9
	67.6± 8.7
	74.0 ± 7.5




The concentration values of oxy-inflammation biomarkers obtained during the training sessions (A pre vs B post; T1, T2, T3) and from T0, and T4 in the examined athletes are displayed in Figure 2.
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Figure 2. Histogram panel plots of the oxy-inflammation biomarkers. Time course of A) reactive   oxygen species (ROS), B) interleukin (IL-6), C) total antioxidant capacity (TAC), and D) NO metabolites (NOx) at: T0, basal measure, before the season; T1, at the start of training season T2, the middle period of the season; T3, the end of the season; and T4, two months after the end of the season. Values recorded pre (TA) and post (TB) training sessions are reported too. Data are expressed as mean ± SD. Statistically significant differences comparison are displayed as: *, p < 0.05; **, p < 0.01.

We found a significant increase in ROS production after every training session: T1A vs B +71%, dCohen=1.10; T2A vs B +65%, dCohen=1.28; T3A vs B +49%, dCohen=1.23;  mean +61%, p<0.05-0.01 (Fig. 2A), and in IL-6 values after training session T2A vs B +112%, dCohen=1.66; T3A vs B +133%, dCohen=2.01; mean +128%, p<0.01; (Fig. 2C), while a decrease in TAC was found at training session T1A vs T1B: -17%, dCohen=1.53;  (p<0.05 (Fig. 2B), NO metabolites did not show any statistical difference (Fig. 2D), 
Furthermore, ROS and IL-6 showed statistically significant difference between T0 and T4 (p<0.05): ROS + 48%, dCohen=1.09; IL-6 + 86%; dCohen=1.22; while TAC only between T0 and T3A: -12%, dCohen=1.23; (p<0.05). 
The values of urea, uric acid, Na, K, Cl, P, Mg, Ca and total proteins, observed during training session, T0 and T4, are reported in Table 2. Urea and Uric acid exhibited statistically significant difference between T0 and T4 dCohen=0.60 and dCohen=1.61 respectively. K showed statistically significant differences in post session value T2B (+53%) vs T2A dCohen=0.91, while P at T3B vs T3A (+94%) dCohen=0.87.

Table 2. Urea, uric acid, electrolytes (Na, K, Cl, P, Mg, Ca) and total proteins at the baseline (T0), during (T1-T3) and after the season (T4).  Data are displayed as mean ± SD. Statistically significant differences symbols: *p<0.05 respect T0; † p<0.05, ††p<0.01 post (B) respect to pre (A).

	
	Time Point

	
	T0
	T1
	T2
	T3
	T4

	
	
	A
	B
	A
	B
	A
	B
	

	Uric Acid (mg/dL)
	9.3 ± 4.6
	16.4 ± 18.5
	32.1 ± 26.1
	21.8 ± 25.0
	30.4 ± 19.5
	25.6 ± 15.1
	23.4 ± 14.3
	41.9 ± 28.1*

	Urea (mg/dL)
	984.0±346.3
	1555.0 ± 362.7
	1225.0 ± 184.0
	1058.0 ± 255.4
	1040 ± 373.4
	1426.0 ± 386.3
	1028.0 ± 546.1
	736.9 ± 351.6*

	Na (mmol/L)
	106.6 ± 39.7
	144.8 ± 17.7
	191.6 ± 59.7
	153.6 ± 60.5
	198.6 ± 50.4
	148.3 ± 64.1
	139.9 ± 95.7
	131.7 ± 68.2

	K (mmol/L)
	61.5 ± 30.6
	62.9 ± 22.7
	95.7 ± 36.9
	60.5 ± 35.1
	92.0 ± 34.0††
	40.0 ± 9.0
	43.7 ± 20.6
	62.7 ± 38.1

	Cl (mmol/L)
	124.8 ± 43.5
	122.0 ± 44.1
	204.0 ± 73.9
	157.0 ± 78.7
	224.1 ± 50.1
	125.4 ± 53.1
	138.0 ± 81.6
	149.0 ± 58.3

	P (mg/dL)
	106.3 ± 58.6
	142.3 ± 71.3
	66.6 ± 41.2
	81.1± 36.6
	50.8 ± 20.4
	105.7 ± 51.6
	54.2 ± 65.6†
	53.2 ± 35.1

	Mg (mg/dL)
	5.0 ± 5.1
	15.2 ± 8.7
	6.7 ± 4.2
	8.4 ± 3.2
	6.3 ± 3.1
	11.9 ± 5.1
	7.9 ± 7.4
	5.8 ± 3.0

	Ca (mg/dL)
	7.9 ± 8.0
	16.0 ± 5.8
	10.2 ± 7.9
	13.3 ± 5.0
	11.6 ± 6.0
	15.4 ± 6.6
	10.7 ± 7.1
	9.8 ± 5.1

	Total proteins 
(mg/dL)
	51.3 ± 3.5
	50.0 ± 1.0
	81.2 ± 69.7
	50.0 ± 1.0
	50.0 ± 1.0
	50.0 ± 1.0
	70.6 ± 30.8
	66.7 ±19.4



Moreover, as reported in Figure 3, we found significant changes in neopterin levels after every training session: T1A vs B +86%, dCohen=1.76; T2A vs B+44%, dCohen=1.29;  T3A vs B +46%, dCohen=1.26; p<0.05.
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Figure 3. Neopterin changes during the training season.  Statistically significant differences symbols: *p<0.05.
Urine standard parameters are reported in Table 3. No significant differences were found during season.

Table 3. Urine standard analysis. Urine test strip data values (mean ±SD) from all subjects.
	
	Subjects

	
	T0
	T1
	T2
	T3
	T4

	Bilirubin (μmol.L-1)
	4.3±12.37
	3.1±7.8
	3.9±7.5
	4.1±6.6
	4.9±8.7

	Urobilinogen (μmol.L-1) 
	0.1±0.07
	0.2±0.2
	0.2±0.0
	0.2±0.0
	0.1±0.8

	Ketones (mmol.L-1)
	1.0±5.3
	1.3±4.4
	2.5±2.5
	2.9±3.6
	2.6±3.3

	pH
	5.9±0.6
	6.3±0.5
	6.3±0.5
	6.2±0.5
	6.2±0.5

	Leucocytes (Leuko.μL-1)
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0

	Specific gravity
	1.02±0.0
	1.02±0.0
	1.02±0.0
	1.02±0.0
	1.02±0.0



In the Figure 4 are reported a significant change in BORG, and TQR score. No significant differences are reported intra-season for measuring physical activity intensity level (Figure 4A) with a mean of 12-13 score during the season that correspond to HR max 65-70% and a VO2 max 50-75%; on the other hand, significant differences (p<0.05- 0.01) were found intra-season in the TQR score at T1, and T2, and T3, respect to T0, dCohen=1.26.
Finally, no significant differences were found in total mood score of POMS scale and in VAS item score during single training session (A vs B) and during all training season. Particularly, we observed percentage changes in item general wellness respect to T0: T1A +79%, T2A +100%, T3A -47%, T4A -2% (Figure 4C); item pain respect to T0: T1A -10%, T2A -25%, T3A -65%, T4A -65% (Figure 4D); item anxiety to T0: T1A -12%, T2A -40%, T3A -96%, T4A -33% (data not shown).
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Figure 4. Borg and TQR scales and VAS score from all subjects. Borg scale (A) was assessed after every training session while TQR scale (B) at the baseline (T0), before every training session and after the season (T4). VAS score for General wellness(C) and pain item (D) was assessed at the baseline (T0), before(A) and after(B) every training session and after the season (T4). Statistically significant difference comparisons are displayed as: *, p < 0.05; **, p < 0.01.
In order to understand the results obtained, and then evaluate the effects of training vs. seasonality in freeskiers, we applied the Hopkin scale as showed in Figure 5. Significant group differences and large effect sizes were found for uric acid, TAC and IL-6 in the season; while moderate effect sizes were found for ROS, SBP and urea at the end of the freeski season. Significant group difference and a very large effect size was found for IL-6 after T3 training session; and large effect sizes were found for neopterin, IL-6, TAC, ROS, and TQR during the training session. Finally, moderate effect sizes were found for ROS at T1, K at T2, P at T3 training session.
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[bookmark: page3]Figure 5. Relative difference among selected measures in athletes during season and during training session.
4. Discussion
This was the first study attempted to investigate the evolution of oxy-inflammation and hydration parameters among freeskiers during a training season and by noninvasive measurements.
Exercise-induced ROS generation is typical of prolonged and/or high training loads such as those of endurance activities [42, 49-51 36, 43-45]. In muscle fiber, during physical effort, the rate of ROS generation such as O2• is increased influencing fiber contraction [52 46]. An excess of ROS in skeletal muscle results in a decrease in the ability to generate force, leading to a fatigue condition [53 47].
We observed a significant increase in ROS production after every training session as result of the physical effort. Anyway, ROS play a key role in cell signaling pathways involved in muscle adaptation to effort [54 48] with multi-protein pathways and signaling [55 49] through the nuclear factor-kappa B (NF-kB) and peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α) in skeletal muscle [56]. Furthermore, we found an increase of ROS basal value at end (T3A) and at the end of the training season (T4), probably due to a decrease in the efficiency of the endogenous antioxidant defenses and a risen soreness [5]. To evaluate the antioxidant defense, we investigated the total antioxidant capacity (TAC), an index of non-enzymatic antioxidant activity. Athletes can activate the endogenous antioxidant system to control exercise-induced oxidative stress avoiding the macromolecules damage [57-61 50-54]. We found A significant decrease in TAC was measured only after the first training session (T 3B) while other sessions did not exhibit significant change despite a reduction of TAC level. During the first training session, TAC value was higher than the other sessions resulting in a higher starting antioxidant defense level. This may explain this significant training-induced decrease of TAC value, attributable to a higher baseline, as observed by some authors [62 55]. Training may also induce a converging of TAC values towards an optimal level, adapting the body to the exercise-related fatigue and leading to a smaller variation after the successive session. 
A prolonged physical activity leads to IL-6 increase which is released in greater amounts than any other cytokine [63]. IL-6 is mainly produced within the working skeletal muscles [64 56] with its released amount strongly related to the exercise duration and intensity and the mass of muscle recruited and endurance capacity [65, 66 57, 58]. We found raised IL-6 value after physical exercise in every training session, according to other authors [67-69 59]. IL-6 increases significantly after eccentric exercise [60 70], in response to long-duration exercise independently of muscle damage. IL-6 release in relation to muscle fiber damage occurs later and is of smaller magnitude than IL-6 production related to muscle contractions [57 65]. Skiing requires a lot of eccentric contractions that occur when the muscle lengthens at the same time it contracts. In our case, freeskiing implies muscle eccentric contractions associated to concentric contraction during jump execution. 
We did not find any difference in NOx level after any training session. In our case, we did not give any NO2 and/or NO3 supplementation to the athletes. NO derivatives may improve exercise tolerance reducing O2 consumption and optimizing muscle contraction efficiency [71, 72 61, 62] through their role in the regulation of blood flow, contractility, glucose and Ca2+ homeostasis, mitochondrial respiration and biogenesis [73 63]. 
Despite the increase, uric acid did not change significantly after every session similarly to the data of some authors [64 74]. Exercise-related changes of uric acid are contrasting. During intense exercise, uric acid excretion is reduced [65, 66 75, 76] as consequence of antidiuretic hormone increase [77 67] and risen lactate production that leads to a decrease in the urinary excretion of oxypurines [68, 69 78, 79]. On the other hand, other research groups found an increase of urinary uric acid [70, 71 80, 81] that may be the consequence of purine release from the muscle after prolonged exercise, rather than a decrease in plasma purine removal rates [82 72]. In muscle, ATP consumption can trigger cascade of nucleotide degradation to purine catabolic intermediates that increase uric acid level after the physical activity [75 65].
We evaluated the hydration status of the freeskiers without any drink supplementation.  We did not find deep changes in electrolytes balance probably because all volunteers were well trained and very experienced. Urea value did not change significantly after every training session, probably to reduce exercise-related water loss. Urea is reabsorbed during passage of the filtrate through the tubule of the nephron activating a mechanism of water-conserving action [83 73]. 
Despite their risen values, Na and K level did not show significant variation during the season with the exception of K variation after the second training session (T2B). K is involved in the regulation of osmotic pressure and plays an important role in nerve stimulation and muscle contraction during exercise [74 84]. 
Urinary P decrease after every training session but significantly after the third session (T 3B) only. This phosphorus excretion reduction may reflect a slight respiratory alkalosis caused by hyperventilation during exercise [85 75]. 
Cl, Mg and Ca did not change significantly during the season. Our findings seem to indicate freeskiing might be not enough intense to induce significant differences in electrolytes concentrations between urine samples taken before and after the physical activity. Furthermore, the absence of fluid intake may also be a possible reason for a major stability in concentration of circulating electrolytes, reducing their loss trough urine [86 76]. 
Neopterin can raise during systemic oxidative stress as reported by some authors [7, 32, 77 16, 37, 87]. In our freeskiers, neopterin increase can be associated to ROS production similarly to other studies [39, 88 29,78].
Prolonged physical activity can impair kidney function as consequence of several physiological mechanisms to manage stress [33, 79 38, 89]. We did not find any difference in urine standards parameters, probably due to good health and high experience of the subjects to adapt to the freeskiing related physical effort.
We observed a progressive decrease in TQR score along the training season. This decrease may be due to the body adaptation to exercise-induced fatigue, which has a beneficial effect on the athletes' psychological condition [80 90]. Freeskiers showed an increase of general wellness and a decrease of pain score at the end of the training season as evidence of the fact that physical activity improves the psychophysical status of athletes. 
Indeed, it is well known physical activity can improve mental health reducing symptoms of psychological distress such as depression, anxiety [91, 92 81, 82], failure after competition [93 83] and increasing self-esteem and cognitive functions [94 84].

5. Limitation
The main limitation of our study is the small sample size. We have included all team of Pratonevoso freeskiers. It should be emphasized that the freeski is not a very popular sport, unlike alpine skiing. Therefore, results have to be interpreted carefully. In fact, we studied both young and non-professional subjects. This being a pilot study, we plan to set professional and non/professional national/ international athlete’s collaborations in the future to increase the number of subjects studied. Nevertheless, this is the first study to assess ROS production, antioxidant capacity, nitric oxide metabolites levels, inflammatory status and electrolytes levels, in a freeskiers athletes in a real field environment.
6. Conclusions
Freeskiing induced an increase of ROS production that can be contained by antioxidant defense activation. Neopterin raised as consequence of ROS generation while IL-6 as consequence of physical activity and muscular contraction type.
We did not find deep changes in electrolytes balance probably because all subjects examined were well trained and very experienced. Finally, Moreoever, freeskiing-related physical activity can improve body adaptation to exercise-induced fatigue and mental health reducing symptoms of psychological distress including anxiety. Finally, despite a small sample size, current findings show a large effect size so that pilot study may have presumably a practical significance. 
The main limitation of this study was the small sample size. Unfortunately, the space for medical devices and sample collection in the location (Prato Nevoso ski resort) was limited.
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ROS    		Reactive oxygen species
RPE    		Rate of Perceived Exertion
SpO2   		Peripheral arterial oxygen saturation
TAC   		Total antioxidant capacity
TQR   		Total Quality of Recovery
VAS			Visual Analog Scale
References
[bookmark: _ENREF_1]1.	Kurpiers, N.; McAlpine, P. R.; Kersting, U. G., Perspectives for comprehensive biomechanical analyses in Mogul skiing. Res Sports Med 2009, 17, (4), 231-44.
[bookmark: _ENREF_2]2.	Nikolaidis, M. G.; Jamurtas, A. Z., Blood as a reactive species generator and redox status regulator during exercise. Archives of biochemistry and biophysics 2009, 490, (2), 77-84.
[bookmark: _ENREF_3]3.	Schieber, M.; Chandel, N. S., ROS function in redox signaling and oxidative stress. Current biology : CB 2014, 24, (10), R453-62.
[bookmark: _ENREF_4][bookmark: _ENREF_5]4.	Checa, J.; Aran, J. M., Reactive Oxygen Species: Drivers of Physiological and Pathological Processes. Journal of inflammation research 2020, 13, 1057-1073.
5.	Powers, S. K.; Jackson, M. J., Exercise-induced oxidative stress: cellular mechanisms and impact on muscle force production. Physiological reviews 2008, 88, (4), 1243-76.
[bookmark: _ENREF_6]6.	Mrakic-Sposta, S.; Gussoni, M.; Montorsi, M.; Porcelli, S.; Vezzoli, A., Assessment of a standardized ROS production profile in humans by electron paramagnetic resonance. Oxidative medicine and cellular longevity 2012, 2012, 973927.
[bookmark: _ENREF_7]7.	Mrakic-Sposta, S.; Gussoni, M.; Porcelli, S.; Pugliese, L.; Pavei, G.; Bellistri, G.; Montorsi, M.; Tacchini, P.; Vezzoli, A., Training effects on ROS production determined by electron paramagnetic resonance in master swimmers. Oxidative medicine and cellular longevity 2015, 2015, 804794.
[bookmark: _ENREF_8]8.	Souissi, W.; Bouzid, M. A.; Farjallah, M. A.; Ben Mahmoud, L.; Boudaya, M.; Engel, F. A.; Sahnoun, Z., Effect of Different Running Exercise Modalities on Post-Exercise Oxidative Stress Markers in Trained Athletes. International journal of environmental research and public health 2020, 17, (10).
[bookmark: _ENREF_9]9.	Done, A. J.; Traustadottir, T., Nrf2 mediates redox adaptations to exercise. Redox biology 2016, 10, 191-199.
[bookmark: _ENREF_10]10.	Steller, H., Mechanisms and genes of cellular suicide. Science 1995, 267, (5203), 1445-9.
[bookmark: _ENREF_11]11.	Liu, J. F.; Chang, W. Y.; Chan, K. H.; Tsai, W. Y.; Lin, C. L.; Hsu, M. C., Blood lipid peroxides and muscle damage increased following intensive resistance training of female weightlifters. Ann N Y Acad Sci 2005, 1042, 255-61.
[bookmark: _ENREF_12]12.	Araneda, O. F.; Garcia, C.; Lagos, N.; Quiroga, G.; Cajigal, J.; Salazar, M. P.; Behn, C., Lung oxidative stress as related to exercise and altitude. Lipid peroxidation evidence in exhaled breath condensate: a possible predictor of acute mountain sickness. Eur J Appl Physiol 2005, 95, (5-6), 383-90.
[bookmark: _ENREF_13]13.	Pialoux, V.; Mounier, R.; Ponsot, E.; Rock, E.; Mazur, A.; Dufour, S.; Richard, R.; Richalet, J. P.; Coudert, J.; Fellmann, N., Effects of exercise and training in hypoxia on antioxidant/pro-oxidant balance. Eur J Clin Nutr 2006, 60, (12), 1345-54.
[bookmark: _ENREF_14]14.	Schippinger, G.; Fankhauser, F.; Abuja, P. M.; Winklhofer-Roob, B. M.; Nadlinger, K.; Halwachs-Baumann, G.; Wonisch, W., Competitive and seasonal oxidative stress in elite alpine ski racers. Scandinavian journal of medicine & science in sports 2009, 19, (2), 206-12.
[bookmark: _ENREF_15]15.	Wonisch, W.; Uhl, K.; Schimetta, W.; Rabl, H., Pre-operative delivery of a vitamin cocktail diminished oxidative stress after vascular surgery in PAD patients - a pilot investigation. Biofactors 2005, 24, (1-4), 299-303.
[bookmark: _ENREF_16][bookmark: _ENREF_17]16.	Oral O.; Nitric oxide and its role in exercise physiology. Journal of Sports Medicine Physical Fitness 2021, 61, (9), 1208-1211.
[bookmark: _ENREF_18]17.	Elliott, S. N.; Wallace, J. L., Nitric oxide: a regulator of mucosal defense and injury. Journal of gastroenterology 1998, 33, (6), 792-803
18.	Munzel, T.; Gori, T.; Bruno, R. M.; Taddei, S., Is oxidative stress a therapeutic target in cardiovascular disease? European heart journal 2010, 31, (22), 2741-8.
[bookmark: _ENREF_19][bookmark: _ENREF_20]19.	Mrakic-Sposta, S., Gussoni, M., Porcelli, S., Pugliese, L., Pavei, G., Bellistri, G., Montorsi, M., Tacchini, P., Vezzoli, A., Training effects on ROS production determined by electron paramagnetic resonance in master swimmers. Oxidative Medicine and Cell Longevity 2015; 2015:804794.
[bookmark: _ENREF_21]20.	Miyazaki, H.; Ohishi, S.; Ookawara, T.; Kizaki, T.; Toshinai, K.; Ha, S.; Haga, S.; Ji, L. L.; Ohno, H., Strenuous endurance training in humans reduces oxidative stress following exhausting exercise. Eur J Appl Physiol 2001, 84, (1-2), 1-6.
21.	McKenzie, D. C., Markers of excessive exercise. Can J Appl Physiol 1999, 24, (1), 66-73.
[bookmark: _ENREF_22][bookmark: _ENREF_23]22.	Tiidus, P. M., Radical species in inflammation and overtraining. Canadian journal of physiology and pharmacology 1998, 76, (5), 533-8.
23.	Meyer, N. L.; Manore, M. M.; Helle, C., Nutrition for winter sports. Journal of sports sciences 2011, 29 Suppl 1, S127-36.
[bookmark: _ENREF_24]24.	O'Brien, C.; Young, A. J.; Sawka, M. N., Hypohydration and thermoregulation in cold air. J Appl Physiol (1985) 1998, 84, (1), 185-9.
[bookmark: _ENREF_25]25.	Radomski, M. W.; Boutelier, C., Hormone response of normal and intermittent cold-preadapted humans to continuous cold. Journal of applied physiology: respiratory, environmental and exercise physiology 1982, 53, (3), 610-6.
[bookmark: _ENREF_26]26.	Seifert, J. G.; Burke, E. R.; White, A.; Luetkemeier, M. J., The effects of ad libitum fluid ingestion on fluid balance during alpine skiing in recreational skiers. Journal of sports sciences 2006, 24, (2), 137-42.
[bookmark: _ENREF_27]27.	Keller, U.; Szinnai, G.; Bilz, S.; Berneis, K., Effects of changes in hydration on protein, glucose and lipid metabolism in man: impact on health. European journal of clinical nutrition 2003, 57 Suppl 2, S69-74.
[bookmark: _ENREF_28]28.	Murray, B.; Rosenbloom, C., Fundamentals of glycogen metabolism for coaches and athletes. Nutrition reviews 2018, 76, (4), 243-259.
[bookmark: _ENREF_29][bookmark: _ENREF_30]29.	Giacon, T. A.; Bosco, G.; Vezzoli, A.; Dellanoce, C.; Cialoni, D.; Paganini, M.; Mrakic-Sposta, S., Oxidative stress and motion sickness in one crew during competitive offshore sailing. Scientific reports 2022, 12, (1), 1142.
30.	Mrakic-Sposta, S.; Vezzoli, A.; D'Alessandro, F.; Paganini, M.; Dellanoce, C.; Cialoni, D.; Bosco, G., Change in Oxidative Stress Biomarkers During 30 Days in Saturation Dive: A Pilot Study. International journal of environmental research and public health 2020, 17, (19).
[bookmark: _ENREF_31]31.	Mrakic-Sposta, S.; Gussoni, M.; Montorsi, M.; Porcelli, S.; Vezzoli, A., A quantitative method to monitor reactive oxygen species production by electron paramagnetic resonance in physiological and pathological conditions. Oxidative medicine and cellular longevity 2014, 2014, 306179.
[bookmark: _ENREF_32][bookmark: _ENREF_33]32.	Mrakic-Sposta, S.; Vezzoli, A.; Rizzato, A.; Della Noce, C.; Malacrida, S.; Montorsi, M.; Paganini, M.; Cancellara, P.; Bosco, G., Oxidative stress assessment in breath-hold diving. Eur J Appl Physiol 2019, 119, (11-12), 2449-2456.
33.	Mrakic-Sposta, S.; Gussoni, M.; Vezzoli, A.; Dellanoce, C.; Comassi, M.; Giardini, G.; Bruno, R. M.; Montorsi, M.; Corciu, A.; Greco, F.; Pratali, L., Acute Effects of Triathlon Race on Oxidative Stress Biomarkers. Oxidative medicine and cellular longevity 2020, 2020, 3062807.
[bookmark: _ENREF_34]34.	Bosco, G.; Giacon, T. A.; Paolocci, N.; Vezzoli, A.; Noce, C. D.; Paganini, M.; Agrimi, J.; Garetto, G.; Cialoni, D.; D'Alessandro, N.; Camporesi, E. M.; Mrakic-Sposta, S., Dopamine/BDNF loss underscores narcosis cognitive impairment in divers: a proof of concept in a dry condition. European journal of applied physiology 2022.
[bookmark: _ENREF_35]35.	Green, L.C.; Wagner, D.A.; Glogowski, J.; Skipper, P.L.; Wishnok, J.S.; Tannenbaum, S.R., Analysis of nitrate, nitrite, and [15N]nitrate in biological fluids. Anal. Biochem. 1982;126(1):131–138
[bookmark: _ENREF_36]36.	Mrakic-Sposta, S.; Gussoni, M.; Moretti, S.; Pratali, L.; Giardini, G.; Tacchini, P.; Dellanoce, C.; Tonacci, A.; Mastorci, F.; Borghini, A.; Montorsi, M.; Vezzoli, A., Effects of Mountain Ultra-Marathon Running on ROS Production and Oxidative Damage by Micro-Invasive Analytic Techniques. PloS one 2015, 10, (11), e0141780.
[bookmark: _ENREF_37]37.	Borg, G. A., Psychophysical bases of perceived exertion. Medicine and science in sports and exercise 1982, 14, (5), 377-81.
[bookmark: _ENREF_38]38.	Kentta, G.; Hassmen, P., Overtraining and recovery. A conceptual model. Sports Med 1998, 26, (1), 1-16.
[bookmark: _ENREF_39]39.	Mrakic-Sposta, S.; Vezzoli, A.; Maderna, L.; Gregorini, F.; Montorsi, M.; Moretti, S.; Greco, F.; Cova, E.; Gussoni, M., R(+)-Thioctic Acid Effects on Oxidative Stress and Peripheral Neuropathy in Type II Diabetic Patients: Preliminary Results by Electron Paramagnetic Resonance and Electroneurography. Oxidative medicine and cellular longevity 2018, 2018, 1767265.
[bookmark: _ENREF_40]40.	Morfeld, M.; Petersen, C.; Kruger-Bodeker, A.; von Mackensen, S.; Bullinger, M., The assessment of mood at workplace - psychometric analyses of the revised Profile of Mood States (POMS) questionnaire. Psychosoc Med 2007, 4, Doc06.
[bookmark: _ENREF_41][bookmark: _ENREF_42]41.	McNair D.; Lorr M.; Droppleman, L. F., Manual for the Profile of Mood States. Educational and Industrial Testing Service, San Diego (USA), 1971.
[bookmark: _ENREF_43]42.	Meeusen, R.; Duclos, M.; Foster, C.; Fry, A.; Gleeson, M.; Nieman, D.; Raglin, J.; Rietjens, G.; Steinacker, J.; Urhausen, A.; European College of Sport, S.; American College of Sports, M., Prevention, diagnosis, and treatment of the overtraining syndrome: joint consensus statement of the European College of Sport Science and the American College of Sports Medicine. Med Sci Sports Exerc 2013, 45, (1), 186-205.
43.	Knez, W. L.; Jenkins, D. G.; Coombes, J. S., Oxidative stress in half and full Ironman triathletes. Medicine and science in sports and exercise 2007, 39, (2), 283-8.
[bookmark: _ENREF_44][bookmark: _ENREF_45]44.	Palazzetti, S.; Richard, M. J.; Favier, A.; Margaritis, I., Overloaded training increases exercise-induced oxidative stress and damage. Canadian journal of applied physiology = Revue canadienne de physiologie appliquee 2003, 28, (4), 588-604.
45.	Schippinger, G.; Wonisch, W.; Abuja, P. M.; Fankhauser, F.; Winklhofer-Roob, B. M.; Halwachs, G., Lipid peroxidation and antioxidant status in professional American football players during competition. European journal of clinical investigation 2002, 32, (9), 686-92.
[bookmark: _ENREF_46]46.	Reid, M. B., Invited Review: redox modulation of skeletal muscle contraction: what we know and what we don't. J Appl Physiol (1985) 2001, 90, (2), 724-31.
[bookmark: _ENREF_47]47.	Powers, S. K.; Ji, L. L.; Kavazis, A. N.; Jackson, M. J., Reactive oxygen species: impact on skeletal muscle. Comprehensive Physiology 2011, 1, (2), 941-69.
[bookmark: _ENREF_48][bookmark: _ENREF_49]48.	Powers, S. K.; Duarte, J.; Kavazis, A. N.; Talbert, E. E., Reactive oxygen species are signalling molecules for skeletal muscle adaptation. Experimental physiology 2010, 95, (1), 1-9.
49.	Cavarretta, E.; Peruzzi, M.; Frati, G.; Sciarretta, S., When enough is more than enough: The hidden side of the cardiac effects of intense physical exercise. International journal of cardiology 2018, 258, 224-225.
[bookmark: _ENREF_50]50.	Finaud, J.; Scislowski, V.; Lac, G.; Durand, D.; Vidalin, H.; Robert, A.; Filaire, E., Antioxidant status and oxidative stress in professional rugby players: evolution throughout a season. International journal of sports medicine 2006, 27, (2), 87-93.
[bookmark: _ENREF_51][bookmark: _ENREF_52]51.	Cialoni, D.; Brizzolari, A.; Samaja, M.; Bosco, G.; Paganini, M.; Pieri, M.; Lancellotti, V.; Marroni, A., Nitric Oxide and Oxidative Stress Changes at Depth in Breath-Hold Diving. Frontiers in physiology 2020, 11, 609642.
52.	Seifi-Skishahr, F.; Damirchi, A.; Farjaminezhad, M.; Babaei, P., Physical Training Status Determines Oxidative Stress and Redox Changes in Response to an Acute Aerobic Exercise. Biochemistry research international 2016, 2016, 3757623.
[bookmark: _ENREF_53]53.	Marin, D. P.; Bolin, A. P.; Campoio, T. R.; Guerra, B. A.; Otton, R., Oxidative stress and antioxidant status response of handball athletes: implications for sport training monitoring. International immunopharmacology 2013, 17, (2), 462-70.
[bookmark: _ENREF_54]54.	Subudhi, A. W.; Davis, S. L.; Kipp, R. W.; Askew, E. W., Antioxidant status and oxidative stress in elite alpine ski racers. International journal of sport nutrition and exercise metabolism 2001, 11, (1), 32-41.
[bookmark: _ENREF_55]55.	Vezzoli, A.; Pugliese, L.; Marzorati, M.; Serpiello, F. R.; La Torre, A.; Porcelli, S., Time-course changes of oxidative stress response to high-intensity discontinuous training versus moderate-intensity continuous training in masters runners. PloS one 2014, 9, (1), e87506.
[bookmark: _ENREF_56]56.	Jonsdottir, I. H.; Schjerling, P.; Ostrowski, K.; Asp, S.; Richter, E. A.; Pedersen, B. K., Muscle contractions induce interleukin-6 mRNA production in rat skeletal muscles. The Journal of physiology 2000, 528 Pt 1, 157-63.
[bookmark: _ENREF_57]57.	Pedersen, B. K.; Steensberg, A.; Schjerling, P., Muscle-derived interleukin-6: possible biological effects. The Journal of physiology 2001, 536, (Pt 2), 329-37.
[bookmark: _ENREF_58]58.	Febbraio, M. A.; Pedersen, B. K., Muscle-derived interleukin-6: mechanisms for activation and possible biological roles. FASEB journal : official publication of the Federation of American Societies for Experimental Biology 2002, 16, (11), 1335-47.
[bookmark: _ENREF_59]59.	Pedersen, B. K., Steensberg, A., Fischer, C., Keller, C., Keller, P., Plomgaard, P., Wolsk-Petersen, E., Febbraio, M. A., The metabolic role of IL-6 produced during exercise: is IL-6 an exercise factor? Proceedings of the Ntrition society 2004, 63 ( 2), 263-67.
[bookmark: _ENREF_60]60.	Bruunsgaard, H.; Galbo, H.; Halkjaer-Kristensen, J.; Johansen, T. L.; MacLean, D. A.; Pedersen, B. K., Exercise-induced increase in serum interleukin-6 in humans is related to muscle damage. The Journal of physiology 1997, 499 ( Pt 3), 833-41.
[bookmark: _ENREF_61]61.	Bailey, S. J.; Fulford, J.; Vanhatalo, A.; Winyard, P. G.; Blackwell, J. R.; DiMenna, F. J.; Wilkerson, D. P.; Benjamin, N.; Jones, A. M., Dietary nitrate supplementation enhances muscle contractile efficiency during knee-extensor exercise in humans. J Appl Physiol (1985) 2010, 109, (1), 135-48.
[bookmark: _ENREF_62]62.	Larsen, F. J.; Schiffer, T. A.; Borniquel, S.; Sahlin, K.; Ekblom, B.; Lundberg, J. O.; Weitzberg, E., Dietary inorganic nitrate improves mitochondrial efficiency in humans. Cell metabolism 2011, 13, (2), 149-59.
[bookmark: _ENREF_63][bookmark: _ENREF_64]63.	Stamler, J. S.; Meissner, G., Physiology of nitric oxide in skeletal muscle. Physiological reviews 2001, 81, (1), 209-237.
64.	Owen-Smith, B.; Quiney, J.; Read, J., Salivary urate in gout, exercise, and diurnal variation. Lancet 1998, 351, (9120), 1932.
[bookmark: _ENREF_65]65.	Sutton, J. R.; Toews, C. J.; Ward, G. R.; Fox, I. H., Purine metabolism during strenuous muscular exercise in man. Metabolism: clinical and experimental 1980, 29, (3), 254-60.
[bookmark: _ENREF_66][bookmark: _ENREF_67]66.	Huang, L. L.; Huang, C. T.; Chen, M. L.; Mao, I. F., Effects of profuse sweating induced by exercise on urinary uric acid excretion in a hot environment. The Chinese journal of physiology 2010, 53, (4), 254-61.
67.	Poortmans, J. R., Exercise and renal function. Sports Med 1984, 1, (2), 125-53.
[bookmark: _ENREF_68]68.	Yamamoto, T.; Moriwaki, Y.; Takahashi, S.; Nasako, Y.; Higashino, K., Effect of lactate infusion on renal transport of purine bases and oxypurinol. Nephron 1993, 65, (1), 73-6.
[bookmark: _ENREF_69][bookmark: _ENREF_70]69.	Yamamoto, T.; Moriwaki, Y.; Takahashi, S.; Tsutsumi, Z.; Hada, T., Effect of norepinephrine on the urinary excretion of purine bases and oxypurinol. Metabolism: clinical and experimental 2001, 50, (10), 1230-3.
70.	Stathis, C. G.; Carey, M. F.; Snow, R. J., The influence of allopurinol on urinary purine loss after repeated sprint exercise in man. Metabolism: clinical and experimental 2005, 54, (10), 1269-75.
[bookmark: _ENREF_71]71.	Knochel, J. P.; Dotin, L. N.; Hamburger, R. J., Heat stress, exercise, and muscle injury: effects on urate metabolism and renal function. Annals of internal medicine 1974, 81, (3), 321-8.
[bookmark: _ENREF_72]72.	Hellsten, Y.; Sjodin, B.; Richter, E. A.; Bangsbo, J., Urate uptake and lowered ATP levels in human muscle after high-intensity intermittent exercise. The American journal of physiology 1998, 274, (4), E600-6.
[bookmark: _ENREF_73]73.	Weiner, I. D.; Mitch, W. E.; Sands, J. M., Urea and Ammonia Metabolism and the Control of Renal Nitrogen Excretion. Clinical journal of the American Society of Nephrology : CJASN 2015, 10, (8), 1444-58.
[bookmark: _ENREF_74]74.	Anderson, R. A.; Guttman, H. N., Trace Minerals and Exercise. In Exercise, Nutrition, and Energy Metabolism, Macmillan, New York, NY, USA, 1988.
[bookmark: _ENREF_75]75.	Ashizawa, N.; Fujimura, R.; Tokuyama, K.; Suzuki, M., A bout of resistance exercise increases urinary calcium independently of osteoclastic activation in men. J Appl Physiol (1985) 1997, 83, (4), 1159-63.
[bookmark: _ENREF_76]76.	Noakes, T. D.; Sharwood, K.; Speedy, D.; Hew, T.; Reid, S.; Dugas, J.; Almond, C.; Wharam, P.; Weschler, L., Three independent biological mechanisms cause exercise-associated hyponatremia: evidence from 2,135 weighed competitive athletic performances. Proceedings of the National Academy of Sciences of the United States of America 2005, 102, (51), 18550-5.
[bookmark: _ENREF_77][bookmark: _ENREF_78]77.	de Lucas, R. D.; Caputo, F.; Mendes de Souza, K.; Sigwalt, A. R.; Ghisoni, K.; Lock Silveira, P. C.; Remor, A. P.; da Luz Scheffer, D.; Guglielmo, L. G.; Latini, A., Increased platelet oxidative metabolism, blood oxidative stress and neopterin levels after ultra-endurance exercise. Journal of sports sciences 2014, 32, (1), 22-30.
78.	Strasser, B.; Geiger, D.; Schauer, M.; Gatterer, H.; Burtscher, M.; Fuchs, D., Effects of Exhaustive Aerobic Exercise on Tryptophan-Kynurenine Metabolism in Trained Athletes. PloS one 2016, 11, (4), e0153617.
[bookmark: _ENREF_79][bookmark: _ENREF_80]79.	Vezzoli, A.; Dellanoce, C.; Mrakic-Sposta, S.; Montorsi, M.; Moretti, S.; Tonini, A.; Pratali, L.; Accinni, R., Oxidative Stress Assessment in Response to Ultraendurance Exercise: Thiols Redox Status and ROS Production according to Duration of a Competitive Race. Oxidative medicine and cellular longevity 2016, 2016, 6439037.
80.	White, R. L.; Babic, M. J.; Parker, P. D.; Lubans, D. R.; Astell-Burt, T.; Lonsdale, C., Domain-Specific Physical Activity and Mental Health: A Meta-analysis. American journal of preventive medicine 2017, 52, (5), 653-666.
[bookmark: _ENREF_81]81.	Stubbs, B.; Koyanagi, A.; Hallgren, M.; Firth, J.; Richards, J.; Schuch, F.; Rosenbaum, S.; Mugisha, J.; Veronese, N.; Lahti, J.; Vancampfort, D., Physical activity and anxiety: A perspective from the World Health Survey. Journal of affective disorders 2017, 208, 545-552.
[bookmark: _ENREF_82]82.	Stubbs, B.; Koyanagi, A.; Schuch, F.; Firth, J.; Rosenbaum, S.; Gaughran, F.; Mugisha, J.; Vancampfort, D., Physical Activity Levels and Psychosis: A Mediation Analysis of Factors Influencing Physical Activity Target Achievement Among 204 186 People Across 46 Low- and Middle-Income Countries. Schizophrenia bulletin 2017, 43, (3), 536-545.
[bookmark: _ENREF_83]83.	Nixdorf, I.; Frank, R.; Beckmann, J., Comparison of Athletes' Proneness to Depressive Symptoms in Individual and Team Sports: Research on Psychological Mediators in Junior Elite Athletes. Frontiers in psychology 2016, 7, 893.
[bookmark: _ENREF_84]84.	Callaghan, P., Exercise: a neglected intervention in mental health care? Journal of psychiatric and mental health nursing 2004, 11, (4), 476-83.






Int. J. Environ. Res. Public Health 2023, 20, x. https://doi.org/10.3390/xxxxx	www.mdpi.com/journal/ijerph

image3.tiff
<

vl

g€l
VEL

gacl
vel

time

a1l
Vil

0L

I I I I
© ©0 < N o

(,-7w-6d) 0 g1

— - 0L
© < ~ o
S S s =

(,-utw - jowrl) ajes uoyonpoid SOY

3000 1

N
(/eON I1owr

) XON

g€l
VeEL

g4¢l o
VilL+s

a1l
Vil

vl

g€l
VeEL

gcl
vel

time

g1l
Vil




image4.tiff
g€l

*
— t VEL
acl
[
vl
I W
*
Vil
— - 01
| 1 | | 1
(=} [=} [=} (=} o
(=} [=} [=} (=}
< (3] N -

(suiueaus jow-jowrl) usydoaN

time




image5.tiff
%k

(sa109s) yoli

2409s 34N

3B

2B

T1B

time

£
©
a
o
e
Am._oowv SVA
(=)
$ \M
(D)
£
)
= h
©
0]
C
[0
) “
| 1 1
(=] o o
m 0 ({=]
(a1092s) SYA
($)

- V1

g€l
velL

a7l
vel
g1l
Vil

g€l

VeEL

gcl
vel -

g1l
Vil

time

time




image6.png
Uric Acid [T0-T4]
TAC [TO-T3A]
IL-6 [T0-T4]
ROS [T0-T4]
SBP [T1-T4]
Urea [T0-T4]

IL-6 [T3A-T3B]
Neopterin [T1A-T1B]
IL-6 [T2A-T2B]

TAC [T1A-T1B]
Neopterin [T2A-T12B]
ROS [T2A-T2B]

TQR [TO-T3]

TQR [T0-T2]

TQR [TO-T1]
Neopterin [T2A-T2B]
ROS [T3A-T3B]

ROS [T1A-T1B]

K [T2A-T2B]

P [T3A-T3B]

0.4

0.8

1.2

1.6

2.0

Very large
24




image1.png




image2.png
. B) Post
Training Session >|

T1, T2, T3 .

n 2 ANTROPHOMENTRIC % SALIVA AND URINE
£ Z PARAMETERS d SAMPLES

F g

i g

=] V.E 7 SCALE D PHYSIOLOGICAL
FES 7 PARAMETERS
]

3 g





image7.png
r 1 International Journal of
"y Environmental Research
L J and Public Health




image8.png




