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SPRINT AND ENDURANCE TRAINING IN RELATION TO REDOX AND INFLAMMATORY

STATUSAND BIOMARKERS OF AGING IN MASTER ATHLETES

Abstract

Purpose: Studies have shown a positive influence of inteathéetic training on several biomarkers of agingf, b

it remains unclear whether this influence is dependf exercise-training-mod&his study compared redox
balance, cytokine levels and biomarkers of agingvbéen master sprinters and endurance athleteselagasvin
young and middle-aged individuals as controls.

Methods: Participants were male master sprinters (SA, 3B#8; n=13) and endurance runners (EA, 53+8.2yrs;
n=18) with remarkable athletic experience (~25yfspractice), besides untrained young (YC, 22.7H%9y
n=17) and age-matched controls (MC, 45.5+9.8yrd2)=Anamnesis, anthropometrics, biomarkers of @gin
inflammation status and oxidative stress parameters analyzed in all participants.

Results: An increased pro-oxidant activity (elevated pnotearbonyl; isoprostanes and 8-OHdG) was observed
for MC in comparison to remaining grougs<Q.05). However, SA presented a better antioxidapacity than
both MC and EA, while nitrite/nitrate (NPavailability was higher for EA and lower for tMC (p<0.05). Both
groups of athletes presented a better anti-inflatomastatus than MC (increased IL-10 and lowered JIsIL-

6R, sTNF-RI), but worse than YC (increased T&WFsTNF-RI, and sIL-6R){<0.05). Telomere length was
shorter in MC, which also had lower levels of migind klotho, and elevated FGF-38<0.05). ADMA levels
were higher in MC and SA, while irisin was lowerEA when compared to SA and Y@<0.05).

Conclusion: Master athletes presented better redox balancénflachmatory status, with decreased biomarkers
of aging compared to control. Regarding exercisedana better NO- profile, as a marker of endothelia
function, was observed for EA, whereas SA had adebetedox balance, cytokines profile and attenuated

biomarkers of aging.

Keywords. Master athletes; oxidative stress; cytokines; kdefGF-23; irisin; ADMA
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EDTA
ELISA
eNOS
FGF-23
GSH
IL-10
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SOD
STNF-RI
TBARS
TL
TNF-a
Trolox equivalent
VO,max
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Asymmetric Dimethylarginine
Body Mass Index
Ethylenediaminetetraacetic acid
Enzyme-linked immunosorbent assay
Endothelial nitric oxide synthase
Fibroblast growth factor 23
Glutathione
Interleukin 10
Interleukin 15
Interleukin 6
nitrite/nitrate
Nitrite
Oxygen
8-hydroxy-2' -deoxyguanosine
Soluble Interleukin-6 receptor

Superoxide dismutase

Soluble tumor necrosis factor receptor type

Thiobarbituric acid reactive substances

Telomere length

Tumor necrosis factor-alpha
Total antioxidant capacity
Maximal oxygen consumption
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1. Introduction

Master athletes are usually individuals over 35ryeaf age engaged in training routines and
competitions in specific modalities, composing Eaeportion of the middle-aged and elderly popolai Kusy
and Zielinski 2015). Recently, the master athlétage been gaining the attention of the scientiimmunity,
because they present excellent physical-functipeaiormance €.g. strength, speed, aerobic capacity), as well
as good clinical indexes of healt#hg.body composition, cholesterol, triglycerides, ggda), becoming models
for studies on the health and general well-beingubhout the aging process (Abrahin et al. 201%yKand
Zielinski 2015). The healthy aging process and dbed physical-functional performance of master edéd
compared to non-athletes may be related to theralet@ochemical and molecular mechanisms capable of
regulating cellular aging and possibly triggeredrtly, by habitual physical exercise, as well aghmy healthful
lifestyle (e.g. healthy nutrition, less smokingddower stress level) (Kusy and Zielinski 2015; ahin et al.
2019; Sousa et al. 2019; Minuzzi et al. 2019).

Among several factors, oxidative stress and inflatiom are key points for understanding the
mechanisms related to the effects of chronic egerand healthful lifestyle on aging processes (linet al.
2019; Lopez-Otin et al. 2013; Koltai et al. 2018)creased production of reactive species of oxyged
proinflammatory cytokines may negatively moduldte éxpression of humoral factors regulating camaoular
health and mitochondrial biogenesis (Chistiakovakt2014), and thus induce greater telomere shoden
(Bernheim and Benchetrit 2011; Bode-Boger et ab52@Rana et al. 2014; Sahin and DePinho 2012; i@kdst
et al. 2014; Nair and Gongora 2017; Ullah and SW@i82 In general, telomere length, asymmetric
dimethylarginine (ADMA), klotho-FGF23 axis (fibradst growth factor 23) and irisin can be considegedd
aging biomarkers (Benedini et al. 2017; Amaro-Galettal. 2018; Kuro-o 2018; Cardoso et al. 2018r biad
Gongora 2017; Liu et al. 2018). In this case, iasesl levels of FGF23 and ADMA and a reduction ithd
and irisin are indicators of biological aging.

The measurement of aging biomarkers may have pedcpplications in disease prevention,
particularly in the middle-age where the initigdages of chronic diseases such as diabetes andtdrygien are
typically present. Moreover, these measures majgribote for studies on the molecular mechanismagiihg-
related to healthful lifestyle and interventionsingprove human health (Lopez-Otin et al. 2013; Gaadet al.

2018).
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In recent years, science has pointed out that masidetes have good antioxidant defense system,
reduced levels of inflammation, increased nitriteate (NQ) and irisin, and longer telomeres compared to
untrained individuals (Sousa et al. 2019; Minuzzalke 2019; Benedini et al. 2017). Interestinglgcarding to
some results, a former career as an elite athtede dot influence telomere length in older agegssiing that
intensive exercise throughout life may be requicedrotect against telomere shortening (Laine .€2@15).

However, to date, most studies on health-relateatadteristics of master athletes during the aging
process have focused on endurance athletes, witBtfedies comparing oxidative stress, inflammatoarkers,
and biomarkers of aging among masters athlete#ffefeht modalities (Sousa et al. 2019; Minuzzakt2019;
Benedini et al. 2017; Kusy and Zielinski 2015; Afiraet al. 2019; Simoes et al. 2017). Becauseolifg!
exercise may exert a positive influence on theoueribiological factors associated with cellularnggiit is
critical to understand whether the protective dffsadependent on the type of exercise. We hypatbdshat
regimens of training of master sprinters, when grengd lifelong, would attenuate markers of bioladjiaging
similarly to, or even in a more significant manriartelation to master endurance athletes.

Thus, our objective was to compare the redox balaogtokine levels and aging biomarkers between

master sprinters and endurance athletes, as wiellyasing and middle-aged individuals as controls.

2. Methods

This research was approved by the local ReseafitbsE€ommittee (protocol: 1.201.316) according to
the declaration of Helsinki. All subjects signeftee and informed consent form with all procedwegplained
clearly and completely. A cross-sectional desigis wsed to analyze the oxidative stress, inflammattatus,

and biomarkers of aging of elite master athletparfters and endurance runners) and age-matchecbtson

2.1 Subjects

The male participants werd) (naster runners (40—65yr) from endurance (EA, A@®to marathon)
and sprint events (SA, 60-400mi;) (untrained young (YC, 20-30yr) and middle-aged (MGQ-65yr) controls.
The inclusion criteria for master athletes werg:héve trained continuously at least 20 yearscompeted and
still participating in national and internationaleats in their modality by the time of the datalection. Master
athletes were recruited from national and inteomati athletic meetings and personal recommendafiams

athletes to the athlete. The inclusion criteriadomntrol groups were to be untrained and healthy.
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The participants were submitted to anamnesis, aptimetric measures (body mass, height, and waist-
hip ratio), blood collection samples for biochenhi@ad biomolecular analyzes.

Anamnesis was used to identify athletes’ trainifgidny (training time throughout life and the curre
volume of training per week — Table 1). The seffeed best performance by SA ranged from 84% 86 ard
by EA from 72% to 94% relative to the age-group Waoecords (5-yr intervals) registered in World Mas
Athletics (WMA) website in 2017. Moreover, all dfam reached the podium at least once in the Woalilpnal
and/or South American master championships.

Before the assessment, all participants were ici&tduto avoid physical exercise 24h before blood
donation. The participants attended the laboratoitiie morning (between 7:00 - 8:00 am), after &rHasting
to give samples for biochemical and biomoleculaalgres. Tubes for biomarkers were serum separators
contained EDTA. Blood samples were drawn using tiebfly needle inserted into the antecubital veird a
deposited in a 10 mL tube. The samples were caged at 1500 x g for 15 min. After processing, the

specimens were aliquoted into cryovials and state80° C.

2.2 Redox balance

The oxidative stress biomarkers were: lipid perakith, F2-isoprostanes, protein carbonyls, and 8-
OHdG. Lipid peroxidation was analyzed by thiobarbituric acid reactive samsts (TBARS) as previously
described by Sousa et al. (Sousa et al. 20E®)isoprostanes were measured by sensitive enzyme-linked
immunosorbent assay (ELISA) following the manufaetis instructions (Neogen Life Sciences, KY, USA),
with a minimum level of detection of 0.03 ng/mLsag range 0.05 — 100 ng/mL. The intra- and intsgpas
coefficients of variation (CV) wergl0% and<10%, respectively. The determination of ghestein carbonyls
was performed by colorimetric assay kit (Proteirt@ayl Content Assay Kit, Sigma-Aldrich R, CA, USA)
Plasma levels of8-OHdG were determined by ELISA, according to the manuifge's instructions
(OxiSelectTM Oxidative DNA Damage ELISA Kit 8-OHdQuantitation, Cell Biolabs, Inc., San Diego, USA).
The kit has an 8-OHdG detection sensitivity ranfj@@d pg/mL to 20 ng/mL. According to the manufaetis
instructions, we made ten times plasma dilutionghsd the measured concentrations were in the titec
sensitivity range of the test.

The antioxidant biomarkers included: total anti@itl capacity, activities of superoxide dismutase,
catalase, and NQ glutathione and plasma uric aciflotal antioxidant capacity (accessed through trolox

equivalent),activities of superoxide dismutase (SOD); catalase was analyzed as presented by Sousa et al.
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(Sousa et al. 2019). Serum levels gititathione (GSH) were measured according to the manufacsurer
instructions using the Glutathione Assay Kit (Sighldrich R., CA, USA). Plasma uric acid level was
measured by colorimetric assay using a Labtest Heid kit (Center lab Ltda, Sdo Paulo, Brazil). Btbfor
nitrite/nitrate (NO,) analysis was collected into EDTA tubes, and plasar&entrations were determined using
the Griess reaction. Experiments were performat@n temperature (25°C). The 300 pL of plasma feach
sample were deproteinized with 20uL zinc sulfat@42 followed by centrifugation at 10,000g. The smagant
was collected and used for the following reactidvitrite standard solution (100 pL) was serialljutéd (100 -
50-25-12.5-6.25-3.13 - 1.56 4M) in triplicate in a 96-well, flat-bottomed, polysene microtiter plate.
The diluting medium was used as the standard blafikr loading the plate with deproteinized samp(&80
pL), addition 100 pL of Vanadium (1) 0.8% dilutéd HCL 1M to each well was rapidly followed by atiloh

of the Griess reagents, sulfanilamide 2% dilutetH@L 5% (50 pL) and N-1-(naphthyl)ethylenediamin&%
diluted in H20O (50 pL) using a multichannel pipeample blank values were obtained by substituihging
medium for Griess reagent. The absorbance at 54asnmeasured using a plate reader following inoiba
(45 min in 37°C) protected from light. Linear regg®n of the mean values of the absorbance at Bdfdineach
standard set minus the blank values was utilizedetermine the total N@oncentrations in samples (Miranda

et al. 2001; Sousa et al. 2018).

2.3 Inflammatory status

Inflammatory markers including plasma tumor neadsictor-alpha (TNFe), interleukin 6 (IL-6),
interleukin 10 (IL-10) and interleukin 15 (IL-15¢Jels were measured in triplicate by ELISA kitsnfr&R&D
Systems (Minneapolis, MN, USA) according to the ofanturer’s instructions. Levels of a soluble fooh
interleukin-6 receptor (sIL-6R) (Invitrogen CorfCA, USA) and soluble tumor necrosis factor recepype |
(STNF-RI) (Bender MedSystems Inc. VI, AUT) were msigieed in serum samples. The detectable limit foF-TN
a, STNF-RI, IL-6, sIL-6R, IL-10 and IL15 were 10 pgl, 7,8 pg/mL, 18 pg/mL, 78 1.0 pg/mL, 0.2 pg/mL
respectively. The overall inter-assay CVs for inflaatory markers were respectively: 10%, 15%, 6 %%, 8%

and 12% for TNFx, STNF-RI, IL-6, sIL-6R, IL-10 and IL-15, respectiy.

2.4 Circulating biomar ker s of aging
The relative telomere length (TL — adjusted by ang sample subject) was measured as described

previously (Sousa et al. 2019). Serum ADMA concatign was determined by ELISA, the intra- and inter
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assay CV were 8% and< 12%, respectively (Human ADMA ELISA Kit, MyBioSoce, San Diego, USA).
Serum irisin concentrations were measured usin@BlLKits (Phoenix Pharmaceuticals, Burlingame, CSAY
following the manufacturer’s instructions. The s@wisy of the assay was 0.1ng/mL and the linearga of the
standard was 0.1-1000ng/mL. The intra- and inteea<V were 4.5% and 8%, respectively. Serum leskls
klotho and fibroblast growth factor 23 (FGF-23) watetermined using the specific human ELISA methods
(IBL Co., Ltd, Japan, and Immutopics Inc., USA)spectively. Both assays had intra- and inter-a€day less

than 10%.

2.5 Statistical analysis

Total sample size used in this study (n = 60) awatea statistical power of 86 9% € 0.86) with a
significance level of 5%ca(= 0.05) and moderate effect size< 0.6). Initially, normality and homoscedasticity
were calculated using the Shapiro-Wilk and Levesstst respectively. Data are presented as meaandastl
deviation. One-way ANOVA followed by Tukey's posst was applied to verify possible differences agnalh
studied groups, as well as among middle-aged gronps (master sprinters, endurance runners, andlleid
aged controls) to minimize type Il error in the garisons. In this sense, comparisons between eshtatly
(master endurance and sprinters) were conductersibg theStudent's t-tedbllowed by effect size (Cohen’s d
— Small 0.2; Medium 0.5; Large > 0.8). Statistis@nificance was accepted with< 0.05. All procedures were
performed using Graph Pad Prism version 6.0 (GRauh Software, San Diego — California), Gpower® ioers
3.1 (Franz Faul, Germany) and Statistical Package¢ht Social Sciences — SPSS Statistics® verslofiBM

Corporation, New York — United State).

3. Results
Subject and training characteristics
The anthropometric indexes.¢. BMI and waist-hip ratio) master athletes had lowelues than the
MC (p<0.05). There were no differences in these var@abfemaster athletes when compared to Y&0(05).
See Table 1 for details.
TABLE 1 AROUND HERE
Oxidative stress biomarkers

There was no difference between groups for TBARS (05).
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Related to krisoprostanes, both groups of master athletes piedséower p<0.05) values (2.1+0.2 and
1.8+0.2 ng/mL, for EA and SA, respectively) than MZ7+0.5 ng/mL). Also, MC and EA presented higher
(p<0.05), values than YC (1.7+0.4 ng/mL).

The results of protein carbonyls reveled the M@£0.2 nmol/mg) and EA (0.8 + 0.1 nmol/mg) groups
to have higherg<0.05) values than the YC (0.7+0.1 nmol/mg), withstatistical difference$#$0.05) between
SA (0.7+0.1 nmol/mg) neither YC; Figure 1-C.

Regarding 8-OHdG, MC (163 ng/mL) presented higpef.05) values than YC (10+5 ng/mL) and no
differences §>0.05) were identified between YC and master athlétem SA (14+4 ng/mL) or SA (1314
ng/mL) events; Figure 1-D.

FIGURE 1 AROUND HERE

Antioxidant biomarkers

The total antioxidant capacity (trolox equivalem) SA (703+184uM) was lower p< 0.05) in
comparison to YC (985+£171M) and SA, with no difference$0.05) between the MC (833+139 uM), YC and
SA (882+164uM); Figure 2-A.

SOD values were lowep£€0.05) for both MC (50+25 U/mL) and SA (65+18 U/mihen compared to
YC (78+13 U/mL), whereas EA (75+18 U/mL) had higke«0.05) values than MC; Figure 2-B.

No differences among groups (p>0.05) were idemtife@ GSH; Figure 2-C.

The MC (563+234 U/mL) presented lower valugs(.05) of catalase than YC (780+196 U/mL).
Moreover, the results of catalase for the SA (93bHImL) were higherfd<0.05) than MC. Catalase values of
EA (756.92 £ 241.00 U/mL) and SA (934.56 + 93138nL) athletes did not differ from YC; Figure 2-D.

Regarding uric acid, MC (322+136 mM) presented brgkalues [<0.05) compared to the other
groups: YC (176175 mM), SA (144+53 mM) and SA (148t mM); Figure 2-E.

Additionally, NQ, results for YC (127+17iM), MC (66421 uM), EA (184+29uM) and SA (138+36
uM) revealed that MC and EA presented, respectivtbly Jowest and the highest level among studiedgsdp
< 0.05); Figure 2-F.

FIGURE 2 ABOUT HERE

Inflammatory markers

TNF-o values were highep€0.05) in MC (14.9+1.7 pg/mL), EA (14.7£1.7 pg/mafnd SA (15.1+1.9
pg/mL) in comparison to YC (4.7+£0.8 pg/mL); FigeA. YC presented higher valueg<Q.05) of STNF-RI

(0.7+0.3 ng/mL) than MC (3.4£0.8 ng/mL), EA (1.73(g/mL) and SA (1.4+0.3 ng/mL); Figure 3-B.
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IL-6 was higher [<0.05) in MC (10.1+1.3 pg/mL) and EA (5.1+0.7 pg/mh comparison to YC
(3.7+0.7 pg/mL). Both EA and SA (4.4+0.4 pg/mL) Hadrer (p<0.05) IL-6 than MC; Figure 3-C. MC (137+11
pg/mL), EA (122 7 pg/mL) and SA (11917 pg/mL) ha@her ©<0.05) sIL-6R values than YC (84122
pg/mL), and both groups of master athletes preddotger (<0.05) values of this variable in relation to MC;
Figure 3-D.

The IL-10 levels were loweip€0.05) for the MC (611 pg/mL) and EA (811 pg/mL)mpared to YC
(1142 pg/mL). Moreover, EA and SA (10+1 pg/mL) ajze@sented higher values than M&:@.05), while SA
had higher§<0.05) values than EA; Figure 3-E.

The IL-10/TNFe ratio was higherp<0.05) in YC (2.1+0.5 ratio) than all other group4C (0.4+0.1
ratio), EA (0.5+0.1 ratio) and SA (0.7+0.1 ratid)dditionally, SA had higherp<0.05) values in comparison to
MC; Figure 3-F.

The IL-10/1L-6 ratio of YC (2.8 + 0.3 ratio) wasdfier (p < 0.05) than MC (0.6 + 0.2 ratio), EA (£5
0.3 ratio) and SA (2.2 + 0.3 ratio); Figure 3-G.

On the other hand, the IL-10/IL-6 ratio MC was assgnificantly lower p<0.05) than all other groups
and the ratio for the SA group was significantlgher £<0.05) than EA.

Moreover, the IL-15, MC (1.5£0.5 pg/mL) and SA @006 pg/mL) had lower (p<0.05) values
compared to YC (3.0+0.8 pg/mL) and EA (2.9+0.6 pg/nirigure 3-H.

FIGURE 3 AROUND HERE

Biomarkers of aging

Relative TL (adjusted by young control subject)e# (0.8+0.5 T/S ratio) and SA (1.4+1.0 T/S ratio)
were not differen{p>0.05) from YC (1.9+1.6 T/S ratio). TL of MC (0.58)T/S ratio) was significantly shorter
(p<0.05) than that of YC; Figure 4-A. Moreover, compans conducted among middle-aged participantg onl
(excluding young controls) revealed that TL of SAsdonger§ < 0.05) than MC.

ADMA concentrations were highep<0.05) in MC (0.73+0.07uM) and SA (0.69+0.06uM) in
comparison to YC (0.55+0.0vM) and EA (0.59+0.0%M); Figure 4-B.

Irisin levels of SA (139+16 ng/mL) did not differdim YC (151+17 ng/mL), and both presented higher
(p<0.05) levels than MC and EA (76+13 and 90+16 nghedpectively); Figure 4-C.

Results of klotho were also highgs<0.05) for SA (674196 pg/mL) and YC (683+101 pg/mih)

comparison to MC (489459 pg/mL) and EA (522+133npg); Figure 4-D.
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261 Regarding to FGF-23, MC (549 pg/mL) showed higheues p<0.05) than YC (32110 pg/mL), EA
262 (39410 pg/mL) and SA (26+8 pg/mL); Figure 4-E.

263 Klotho/FGF-23 ratio was lowep&0.05) in MC (9+2) and EA (14+5) compared to YC (Z3and SA
264 (30+14); Figure 4-F.

265 FIGURE 4 ABOUT HERE

266 The additional analysis which we compared EA andsB8éwed no statistical difference for TBARS, 8-
267 OHdG, GSH, uric acid, TNk; sIL-6R and TL p>0.05). Nevertheless, statistical differences \attge effect
268 sizes were identified for,Hsoprostanesp&0.001;d = 1.85), protein carbonylg (= 0.03;d = 0.81), SODf =
269  0.006;d = 0.99), NG, (p < 0.0001;d = 1.39), sTNF-RI§ = 0.011;d = 1.06), IL-6 p = 0.014;d = 1.13), IL-15
270 (p <0.001;d = 1.41) and FGF-23(< 0.001;d = 1.49), all of them were higher for EA (Table &fditionally,
271  trolox equivalent§ < 0.001;d = 1.03), catalase(= 0.02;d = 0.97), IL-10 p < 0.001;d = 1.96), IL-10/TNFe
272 ratio (p < 0.001;d = 1.22), IL-10/IL-6 ratio p < 0.001;d = 2.38), ADMAp < 0.001;d = 1.92), irisin p < 0.001;
273 d = 3.10), klotho f§ < 0.001;d = 1.31) and klotho/FGF-23 ratip & 0.001;d = 1.49) were significantly lower
274  with large effect sizes in the EA compared to SADIE 2.

275 TABLE 2 ABOUT HERE

276

277 4. Discussion

278 Biomarkers of aging, redox balance and inflammatiatus were compared between master athletes
279  from sprints, distance running and untrained cdatrd he main findings were that, in general, nmaathletes
280 presented reduced biomarkers of aging, oxidatisesstand inflammation, with some of these marketsvals
281 corresponding to those of young control group. Rdigg the differences between modalities, EA hdzbter
282 profile of markers related to the vascular system KO, as a marker of endothelial function), whereas 84 h
283 a better general redox balance, cytokines and wted biomarkers of aging. Aging is normally reiate
284  systemic functional-health decline because duliregantogenic there is cellular damage accumulagaching
285 critical points to induce diseases (Beyret et 8l18). Even before the onset of aging-related déewais is
286 possible to detect changes in the pattern of @t molecules allowing for measures that can gygidategies
287  to prevent or attenuate the senescence (LopezeDéh 2013; Gladyshev 2014).

288 The present findings revealed that middle-agedaimed individuals have an increased concentration i
289 markers of oxidative damage compared to the Yg£Igdprostanes, carbonylated proteins and 8-OHdG3hS

290 condition may be due to the imbalance between gidants €.g. free radicals) and antioxidant defenses
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(Gladyshev 2014), which was also observed in M@ prasented the lower activity of antioxidant enegm
(SOD and catalase), higher levels of uric acid esdlced NQ levels compared to YC. Previous evidence
suggested that detection of changes in the rediaxb® such as increased uric acid and a decré#Sgdmay
indicate the onset of hemodynamic and glycemic rdess, and the trend for the development of chronic
diseases such as hypertension and diabetes (De2€18; Li et al. 2019; Mohan and Gupta 2018). daxive
stress also interferes with intracellular signalingreasing the expression of pro-inflammatoryokiries and
disrupting anti-inflammatory cytokines (Mohan andiga 2018), what in turn could explain the higher
circulating levels of TNFe, STNF-RI, IL-6, sIL6R and lower IL-10 levels fdre MC compared to the YC.

Moderate chronic inflammation and oxidative streggjered by aging and adiposity may uncouple the
endothelial enzyme nitric oxide synthase (eNOS)fopming a crucial role in the synthesis of ADMABRGF-

23, besides to Klotho expression inhibition, whighs observed for MC compared to the YC in the prese
study. Although the adiposity was not higher in passion to normative values, body composition ceang
during aging (reduced muscle mass and increasey fadmay be the reason for such outcomes (Boetras.
2013; Sydow et al. 2005; Dermaku-Sopjani et al.2@ernheim and Benchetrit 2011).

Regarding the aging biomarkers, it is reasonablafey that klotho action on skeletal muscle intees
not only into FGF-23 but also in the irisin and 1b-release (Kureya et al. 2016). Further, irisiprioves
mitochondrial biogenesis and acts as a predictdelofmere length (Rana et al. 2014). Therefore jribeeased
FGF-23 and ADMA, and a reduced klotho and irisirM@ are possible causes of a single but complergagi
process underlying telomere attrition. Thus, thegkr TL of SA in relation to MC (comparisons withidale-
aged participants only) may be due to higher irisivels, as well as higher Klotho/FGF-23 ratio, doder
FGF-23 and protein carbonyl for SA in comparisonbimh MC and EA. Several aging biomarkers are
modulated by the practice of exercise and otheltiheliving habits (Rana et al. 2014; Beyret et2018; Sousa
et al. 2019; Minuzzi et al. 2019; Koltai et al. B)Bimoes et al. 2017) and master athletes becawfer@nce of
training routines, adequate nutrition and stresgrob over decades (Kusy and Zielinski 2015). Tiifisstyle
seems to decrease oxidative stress due to the wapent of antioxidant defense (Sousa et al. 20lifiukzi et
al. 2019), corroborating with our findings.

It was identified that master athletes (both EA &A4gJ have lower levels of,;Hsoprostans, higher NO
levels, lower levels of uric acid and pro-inflamorgt cytokines (STNF-RI and IL-6), and have higher
concentrations of IL-10 and IL-10 / IL-6 ratio imparison to MC. However, the antioxidant defensd a

modulation adjustments of some cytokines are diffebetween athletes. EA had higher SOD activitg an
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higher levels of IL-15, whereas SA had higher @sealactivity and higher IL-10 / TNF ratio when cargd to
the MC. It is possible that among multiple variahl¢he specificities of the modalities provide eliéint
adaptations in the antioxidant defense and exmmessi cytokines (Kusy and Zielinski 2015; Issurifl®;
Takada et al. 2012; Torok et al. 1995; Abernethaletl990).Endurance training promotes the mitochondrial
biogenesis, while sprint training presents a hidycaytic activity (Huertas, 2019), that can infhee the
expression of antioxidants enzymes, such as SORRhwpredominance is mitochondrial, and CAT which
predominance is cytosolic. Besides that, it wadfiedrhigh NQ, levels in master endurance athletes which in
turn promote an inhibitory effect over CAT’s actwi(Nilakantan, 2005). This fact could also explémese
differences between modalities.

Furthermore, the EA presented higher SOD activityher NQ levels, higher IL-15 concentration, and
lower ADMA level compared to SA. We would suggdsattshear-stress and greater exercise-induced nxyge
consumption may act as a physiological triggettiier activation of SOD, eNOS and N@oduction, promoting
vasodilation and blood perfusion promoting cardgmedar adaptations that are characteristics of béero
exercise. Thus, in well-trained EA, both the N€lease, and SOD activity seem to be optimizethbi regular
training and diet (Decroix et al. 2017; Takadale2@12; Torok et al. 1995).

Additionally, ADMA levels were lower in the EA coraped to SA, corroborating to an increased SOD
and possibly eNOS activity and greater NO- bioaiity. Although the exercise effect on ADMA legein
healthy people remain controversial, in patholog&ituations aerobic training is effective to dexse ADMA
levels, improving blood flow and Osupply in response to muscle work demand, whicssibdy leads to
VO,max maintenance throughout the aging process (Ra@iaouch et al. 2019; Takada et al. 2012; Torok et
al. 1995). Thus, it would be reasonable to infet there is a possible association between ADMAD SRO
and VQmax, which would explain the lower ADMA levels ofAEn comparison to SA (Takada et al. 2012;
Torok et al. 1995; Kusy and Zielinski 2015); Talle However, it is important to highlight that theON
metabolism is very complex and the data of thegrestudy must be done with caution. The elevatddes of
NOx may be a result of the lifestyle itself, indling eating habits, in addition to a possible acetdual effect
of training from the days prior to collection, andt solely to the chronic effects of lifelong traig (Nebl et al.
2019; Rassaf et al. 2007). On the other hand, articfpants attended the laboratory after 10-hastifig, and
48h of exercise abstinence. In addition, all stddjeoups underwent exactly the same research miptwhich
validates the comparisons among them. We suggaseVer, that future studies strictly control théirghabits

of subjects, as well as the monitoring of trainingelation to the intensity and duration of theelkerior to data
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collection. We believe, however, that the findinggarding NOx may be mainly due to the vasculafthext
individuals, since the redox balance and ADMA cattiaions were synergistic and / or confluent wvifite NOx
results as previously demonstrated (Kleinbongasal.e2003).

The better oxidative metabolism, characteristi€df may also explain the higher levels of IL-15 in
relation to SA, once IL-15 plays an important roleoxidative properties and skeletal muscle fatigu&ivo
(Pistilli and Quinn 2013; Minuzzi et al. 2019). Régy endurance training may play an important riole
reducing some markers of systemic inflammationjdassregulating metabolic and physiological par@mseof
muscles during the aging process (Pistilli and @u013; Minuzzi et al. 2019). Literature corrobesatwvith
findings of the present study when analyzing EAstifiand Quinn 2013; Minuzzi et al. 2019). Howeyvae
observed that in comparison to EA, SA presentedn elosver levels of markers of oxidative damage
(isoprostanes and carbonylated proteins), greaterath antioxidant defense (trolox equivalent, tzde
activity), lower proinflammatory cytokines (IL-6 drsTNF-RI), higher rates of anti-inflammatory inafiors (IL-
10, IL-10 / IL-6, and IL-10 / TNFy), and higher concentrations of irisin. Moreovér TL of SA was longer
than MC; Table 2.

Some of these differences may be related to thkehigolume of training performed by endurance
runners. It is known that high volumes of trainimgy lead to immunosuppression effect (Nielsen 20a8)l
that endurance training is known to elicit the gatien of reactive oxygen species (Ismaeel et@19®, which
should interferer in the final redox balance anthmmatory adaptations. However, attention is regpiiwhen
refers to training volume of EA, because partictpanf present study performed at least 25 yearsaiiing
lifelong, which the main feature was a greater wwuof moderateintensity continuous training. Nowadays,
endurance training has changed to a lower volunte hagher intensity, what in turn may be the reasbn
significant improvement in athletic performancel drequency of records being broken lately (Skovdas al.
2018; Bangsbo 2015). On the other hand, the volafreprint training tends to be lower and intengitgher
than endurance training. Even though, little iswnabout the redox balance and inflammatory prafflSA.
Thus, it is feasible to assume that they preseatdmbtter redox balance and inflammatory profilenttzA
probably due to their lower volume of training.

Master sprinters have significantly higher levefsaerobic capacity than recreationally or sedentary
trained individuals as well as a lower rate of decin maximal heart rate and consequently absa/@gmax
values close to that in EA (Kusy and Zielinski 2pIBased on the present results, we believe thatn8p have

excellent mitochondrial biogenesis and oxidativection derived from a routine that mixes strengil power



381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

15

training sessions with aerobic exercises (Kusy Zetinski 2015). Usually, SA have a better body pasition
compared to untrained subjects (Kusy and Zieligéli5), which may be partially evidenced by the Bidta of
the present study. Older athletes, regardlessiofl®A or EA have low body fat. However, SA havhigher
lean body mass, indicating that exercise trainingray to increase or maintain muscle mass playsyaréle in
attenuation of sarcopenia and functional-healthigecduring aging (Kusy and Zielinski 2015).

The number of hours dedicated to strength and ptaiing in SA (Table 1) could explain the greater
muscle mass they usually exhibit (Kusy and ZielirkL5). However, a greater oxidative function alied for
the SA of the present study could have been indibgederobic components of their training routings(irin
2019). Taken together, possibly a combination oblaie and anaerobic training could allow for a geedevel
of irisin and better profile of pro- and anti-inflematory cytokines throughout life, since only isethstrength
training does not seem to interfere with aging reeslsuch as irisin (Tibana et al. 2017; Bonfant.€2017).

A better redox and inflammatory balance found i@ ¢fnoup of SA compared to EA could explain the
higher levels of irisin and klotho and lower levelsFGF-23, which are usually modulated by theanfinatory
and oxidative status (Amaro-Gahete et al. 2018alUknd Sun 2018). Irisin and klotho are associatithl
telomere length (Rana et al. 2014; Ullah and SurB20Although not significant, it is possible tosalve a trend
(moderate effect sizet= 0.7) of SA to present longer TL than EA. Moreqwatly SA presented TL longer than
the MC. These data are interesting because ourlsamwgs composed by middle-aged individuals, anid it
possible that, over the years, the effects oftjlesand training regimen of master athletes frardurance and
sprints could result in a progressively higheretiince in telomere length, especially due to maaniee of a
better oxidative and inflammatory profile lifelondthe master athlete.

A possible limitation of the study was the inclusiof well-trained master athletes with a large
experience in athletic training, which representgesy small portion from the general populationvarmting
further extrapolations for the general populatidowever, our study offers a range of insights ihi@ influence
of vigorous training on several aging biomarkerghwew knowledge about the association of chremiercise
status on the oxidative and inflammatory factorsHealth maintenance mitigating the effects of ggiuture
studies should analyze a more complete profile alinfarks of cellular aging in a larger number ofstea

athletes of different sports and also in individualth different levels of physical fitness.

5. Conclusion
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We conclude that both EA and SA have excellent xednd inflammatory balance and better
biomarkers of aging in comparison to MC, with soofi¢hose biomarkers not differing from YC. MoreovEA
has a better profile of markers closely relatedh® cardiovascular system and SA has a better glerestox
profile and cytokines profile, and attenuated bidmes of aging, including a trend of longer TL.

Finally, the presented data are circumstantialenid once, when it comes to assessment of thesffec

of lifelong training, there is an intrinsic compiigx

5.1 Per spectives
This study is the first to compare redox balano#aimmation profile and aging biomarkers between

SA and EA. In light of these promising prelimindiipdings, more information is needed on how lifedon
exercise and training type influence biomarkergagifig (Abrahin et al. 2019; Kusy and Zielinski 2D18ew
research in this area may lead to important adwantexercise dose-response and a prescriptiopdople
throughout the aging process. An important aspéthe analysis of aging biomarkers is that they raayas
predictors of health and general well-being towantts age. Thereby, new knowledge of the use of lezgu
exercise to counteract age-related changes in uarnarkers of cellular aging may be important foe t

development of new training strategies capableaofoting healthy aging.
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558 Figurelegends

559

560 Figure 1. Pro-oxidant status of young control, middle-agedtia, and master endurance and sprinter athletes.
561

562 Data are presented as mean + SD. TBARY E-isoprostanesH), Protein carbonyls@) and 8-OHdG D).
563  TBARS, thiobarbituric acid reactive substances; HdG, 8-hydroxydeoxyguanosine. One-way ANOVA
564  followed by Tukey's post hoc test was appli@g < 0.05vs. Young Control;® p < 0.05vs. Middle-Aged
565 Control;° p < 0.05vs. Master Endurance. (Young Control n = 17, MiddleeAgControl n = 12, Endurance n =
566 18 and Sprinters n = 13).

567

568 Figure 2. Antioxidant status of young control, middle-agedhtrol, and master endurance and sprinter athletes
569

570 Data are presented as mean + SD. Trolox equivéentSOD B), GSH (), Catalasel}), Uric acid E) and
571 NO, (F). SOD, superoxide dismutase; GSH, glutathione;,Nfitrite. One-way ANOVA followed by the
572  Tukey's post hoc test was appli€ch < 0.05vs. Young Control? p < 0.05vs. Middle-Aged Control® p < 0.05
573  vs.Endurance. (Young Control n = 17, Middle-Aged @ohh = 12, Endurance n = 18 and Sprinters n = 13).
574

575 Figure 3. Inflammatory parameters of young control, middle@gontrol, and master athletes from endurance
576  and sprints.

577

578 Data are presented as mean + SD. TNR), STNF-RI B8), IL-6 (C), sIL-6R D), IL-10 (E), IL-10/TNF-u ratio
579 (F), IL-10/IL-6 ratio G) and IL-15 H). TNF-a, tumor necrosis factor alpha; sSTNF-RI, soluble dumecrosis
580 factor receptor type I; IL-6, interleukin 6; sIL-6Roluble form of interleukin-6 receptor; IL-10taénleukin 10;
581 IL-10/TNF-o. ratio, interleunkin 10/tumor necrosis factor alphatio; IL-10/IL-6 ratio, interleunkin
582 10/interleukin 6 ratio; IL-15, interleukin 15. Oneay ANOVA followed by the Tukey's post hoc test was
583 applied.? p < 0.05vs. Young Control:® p < 0.05vs. Middle-Aged Control® p < 0.05vs. Master Endurance.
584 (Young Control n = 17, Middle-Aged Control n = BEhdurance n = 18 and Sprinters n = 13).

585

586 Figure 4. Biomarkers of aging of young control, middle-agedtcol, master endurance and sprinter athletes.

587
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Data are presented as mean + SD. T/S rajpADMA (B), irisin (C), klotho ), FGF-23 E) and klotho/FGF-
23 ratio £). T/S ratio, leukocyte telomere length relativeDMA, asymmetric dimethylarginine; FGF-23,
fibroblast growth factor 23. One-way ANOVA followday Tukey’'s post hoc test was adopted to verify the
difference between groupp < 0.05 vs. Young Controf p < 0.05 vs. Middle-Aged Controf;p < 0.05 vs.

Endurance. (Young Control n = 17, Middle-Aged Cohir = 12, Endurance n = 18 and Sprinters n = 13).



Table 1. General characteristics of young control, middleehgontrol, and master athletes from
endurance and sprinters events.

Ace and Y oung control Middle-aged Master Master

g control endurance sprinters
anthropometrics =17

(n=17) (n=12) (n=18) (n=13)

Age (years) 22.7+3.9 455+ 9.8 53+ 8.2 50 + 8.9
Body mass (kg) 78.8+11.2 91.3+16.4 68.3+7.0 68.6 + 6.8
Height (cm) 176 + 6.9 172 +8.5 176 + 4.6 173 +4.1
BMI (kgem™) 235+2.2 31.2 +8.5 21.5+58 235+2.2
Waist-hip ratio 0.82+0.06  0.96 +0.08 0.81+0.12 0.84 + 0.04

Training Characteristics

Training time (years) = -----mmmmemmemm e 25.3+9.2 25.3£11.2
Aerobic training (hrs/wk) ~— —-----mmmemmee s 7.8+4.0 4.7+2.4L
Strength/Power training ~ -------==-=-=-=  —mmeeeeee- 3.0+£1.8 54+15
(hrs/wk)

Data expressed as mean + standard deviation. Bddly mass index. p < 0.05 in comparison to the young control grotip. < 0.05
in comparison to the middle-aged control grdyp< 0.05 in comparison to the master endurancetathtgroup.



Table 2. Differences between aging markers of master endaraumners and sprinters

Variables Endurance Sprint value Effect Size
Athletes Athletes b (Cohen’s d)
Oxidative Stress
F,-lsoprostanes (ng/mL) 2.13+0.17 1.75+0.23 0.00 1.85
Protein carbonyls (nmol/mg) 0.83+0.12 0.73+0.13 0.03 0.81
Antioxidants
Trolox equivalente (UM) 702.92 £183.54881.50 + 164.05 0.00 1.03
SOD (U/mL) 77.92 +6.22 64 +17.81 0.00 0.99
Catalase (U/pL) 756.92 + 241.00934.56 + 93.33 0.02 0.97
NO2 (UM) 184.05 + 28.77 138.46 + 36.45 0.00 1.39
Citokynes
STNF-RI (ng/mL) 1.72+0.33 1.40 £ 0.27 0.01 1.06
IL-6 (pg/mL) 5.10+£0.70 4.44 £0.01 0.01 1.13
IL-10 (pg/mL) 7.92+1.22 10.18 +1.06 0.00 1.96
IL-10/TNF-o ratio 0.54 £0.10 0.66 + 0.09 0.00 1.22
IL-10/IL-6 ratio 1.45+0.30 2.24+£0.34 0.00 2.38
IL-15 (pg/mL) 29+0.64 2.03 £0.57 0.00 1.41
Biomarkersof Aging
ADMA (M) 0.59 £ 0.04 0.69 £ 0.05 0.00 1.92
Irisin (ng/mL) 89.83 + 16.08 139 +15.64 0.00 3.10
Klotho (pg/mL) 522.16 +132.51 673.69 + 96.45 0.00 1.31
FGF-23 (pg/mL) 39.22 +10.36 25.76 + 8.45 0.00 1.42
Klotho/FGF-23 ratio 14.31 +5.46 30.06 +13.89 0.00 1.49

Data are presented as mean + SD. SOD, superoxédeittise; NQ, nitrite; STNF-RI, soluble tumor necrosis facteceptor type
I; IL-6, interleukin 6; IL-10, interleukin 10; IL-4/TNF- ratio, interleukin 10/tumor necrosis factor-alph#o; IL-10/IL-6 ratio,
interleukin 10/interleukin 6 ratio; IL-15, interlkin 15; ADMA, asymmetric dimethylarginine; FGF-Ziyroblast growth factor
23.
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