OEc10wTIKO Stress, acknon kai
ungpnponovnon



O&eLOWTLKO OTPEC

e [eVIKOC OpOC 0 omolog
avadeEpeTaL oTNV
aviooppoTia LETAEY TNG e
dnuoupylac SpacTtikwy bWV
o&uyovou Kal alwTou KoL TNG
QTTOUAKPUVONC QLUTWV | Antioxidants:
Slapéocou tou '
avTLoEElOWTIKOU OUOTNMATOC
 Ta dpaotika €idn oéuyovou
Kol al{WTOU €ilval yvwoTa Ko
wC eAeVLBepec plleg




* Elval yvwoTo amo 1n
dUOLKN OTL TO ATOpO KAOe
OTOLXELOU amoTeAeiTal ATO
TOV TTUPNVOL KOL TOL OLPVNTLKA
dbopTLOpEVO NAEKTPOVLA
TTOU TIEPLOTPEPOVTOL OF
OUYKEKPLLEVEC TPOXLEC
yUpw Oto auTOV.




TL elvall eAeVBepec pllec;

* Quolec oL omolec €xouv €va
alEVYAPWTO NAEKTPOVLO OTNV
e&EWTEPLKN TOUC oTfada.

 Ta alevyapwTto NAEKTPOVLA
elval TToOAU aotaBn Kol
avtidpouV TOAU UKOAQ UE
aAAa atopa N popta. Eival
oAU eTukivbuva yLao OUoLeC
TOU OWMATOC, OTIWC TO
AtidLa, oL mMpwTEivec, ot
voatavOpakec kat to DNA.




EAeVUOepec Pilec

Aviov uttepoéeldiou N superoxide radical (02).

Yriepoéeidlo tou udpoyovou N hydrogen peroxide
(H,0,), To omolo mapayeTal AmMo TO OVLOV TOU
vrtepoéeldiov.

Pilec udpotuAiou 11 hydroxyl radical (OH*).
Anploupyeitat and tn dwacmaocn tou H,O,, To
omolo av dlaomaotel otn peon Oivel dvo plleg
vOpouAiou.

Pilec vitplkoU of€oc N nitric oxide (NO*) (J.
Karlsson, 1997).



Mapayovtec Onuovpylac eAevBEpwv pLlwv

FORMATION OF FREE RADICALS
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H avénuevn mapoywyn eAeuBepwv pL{wyv PAYUATOTOLELTOL
SlopEooU OLAPOPETIKWY TPOTIWV

1. AmoBoAn Twv nAekTpoViwv
TNC OVATVEUOTIKNCG atAuoidag
oTo eminedo Twv
KUTOXpwHATWY. Mia
rnoootnta 2-5% tou O, 0
oroio mpooAapBavoupue dev
QVAYETOL OE VEPO OAAQL
dnuoupyel o€eldwTLKEC pLlec. electron transport system
Kuttoxpwpata

2. MetaBoAn otnv alpatikn pon
TWV HUWV KalL oTNV
arneAevBepwon 02,
(underperfusion -reperfusion).

Eudpaypata




H augnuévn Trapaywyr EAeuUBEpwv pilwv
TTPAYHATOTTOIEITAN DIAPECOU OIQPOPETIKWYV TPOTTWV

3. Oubetepodlia Kot
LaKpodaya KoTa TV
kataotpodn «BAoBepwv»
OUGCLWYV TOU OpyaVvIoUOU
(oxidative burst).

4. Oteibwon alpoodalpivng,
Lvoodatpivne Ko
KOTEXOA QLY WV




O KAAOC Kall KAKOC pOAOC TWV
eAevBEpwWV pL{wv

* YIAPXOUV TEPUTTWOELC OTLC OTIOLEC N TTapoU LA TWV
eAevBEpwWV pLlwV KpLVETAL amapaitnTn yLa tnv
eniBlwon Tou KuttApou (wplpavon Kol Tnv
KLVNTIKOTNTO TOU KUTTAPOU, OTTOTIOUTT) TOELKWV
npoioviwy, dtadlkacia Tng yovipomnoinong).

e Axopa matlouv ocnUoVTKO POAO oTNV ALLUVO TOU
OPYOVLOMOU EVAVTLOV TNC EL0BOANC TTOpACLTWY Kol
LWV KOl OTNV QVTLUETWTILON TWV KAPKIVIKWY KUTTAPWV



O KAAOC Kol KAKOC POAOC TWV
eAevBEpwWV pL{wv

MNaBoyevela un
OUYKEKPLUEVWV AANOY WV
NG KAVOVLIKNC Asltoupylag
TOU opyavLopoU Ttou
TEALKA 06nyouVv oTnV
OVTLKOLVOVLKH) KUTTOPLKH
Aeltoupyla, ypnyopotepo
pUBOUO yrpavaonc Kal
TEALKWC otov Bavaro.

loopporia peTaéy Tou
KaAOU KOl TOU KOKOU
POAOU TWV eEAEVOEPWV
pllwv

Reactive oxygen species

Lipids == Peroxidation

Diseases
Proteing == Denaturation
— — = —=> - Damages —»-< Poisonings
Enzymes ———— Inactivation
Aging

Nucleic acids —— Modification

Figure 1.1 - Damage of biomolecules due to reactive oxygen species.



AVTLOSELOWTLKEC OUOLEC

* MnXaVvIoMOG yLOL TNV QVTLLLETWTILON TWV
eAevBepwv pLlwv

e Ev(UULKO cuoTnua Kol pn-ev(UULKO cUoTNUO

r"’ e :
e \OO)

Free radical

Antioxidant neviralizing o free radical



Evu ko AvtloéeldwTiko Zuotnua

e AlopouTaon Tou uttepoéeldiov
202 + 2 H* SOD H,O, + 02

e KataAdon

2 H202 CAT 2 H20 + 02
* Yriepoéeldbaon tnc yhAoutaBelovng

H202 + 2 GSH GPX : GSSG + 2 H20




Mn Eviuuiko AvtioéeldwTtiko Zuotnuo

Bitapivn E

Brtapivn C

Brtapivn A i pETWVOAN
Yuvevlupo Q10
Npwteiveg Bepuikol ook
Depitivn

AABoupivn
XoAepubBpivn
YepoulomAaopivn
DOAoBLvoeldn

OupLko ofu

O&eloAec (YAoutabelovn)




EAeUOepec pllec Kal aoknon

To 1982 avadpepOnke ya mpwtn dopa OtL

eAeVLBepec pilec

epudavidovrol Kata th

dlapkela tng aocknonc (Davies et al. 1982)

AgpofLa aoknon
Evtoon tTng aoKr

AvoepofLa aokn

onc¢ (>50% VO2max)
on —Aoknon pe Bapn



* Elvatopolopopdn n petafoAn twv SEKTWV
0&eLOWTLKOU OTPEC YLETA TNV AOKNON;



Sampling Time is Crucial for Measurement
of Aerobic Exercise-Induced Oxidative Stress

* 11 anponovnta atoud
e 45 Aentta 70-75% VO
VO

* YUAAoyn SelypoToc mpLV, AECWC META, Ko
05,1,2,3,4,5, 6, 8, 10, kot 24 wpeC LETA TO
TEAOC TNC AOKNONG

* GSH, GSSG, ratio, TBARS, TAC, kataAdon,

TIPWTEIVIKA KapBovuALa

. 0
>max KOLL ETLELTAL 90%

2max
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TEARS (UM}

o

Carbenyls (nmalimg protaln)
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JUMTEPAOOTO

Aev UTIAPYXEL N KAAUTEPN XPOVLKN OTLYLA VLA TN
LETPNON OAWV TWV JELKTWYV TTOU oxeTL(oVTOL
LE TO 0&ELOWTLKO OTPEC META ATIO aEpOfLa
aoknon

ALEOCWC LETA TNV AOKNON = KATAAAON
1 wpa peta = TBARS,

2 wpec peta = TAC, GSH, kat GSSG

4 WPEC LETA = MPWTELVLKA KapBovuALa



* [loLa eival n amoKpLon KETA ATIO EVTIOVN
AOKNON HUE AVTIOTAOELC;






* O&eLOWTLKO OTPEC KOLL
UTIEPTTPOTIOVNON



2UVOPOLIO UTTEPTIPOTIOVNONC

* Awyotepo amo 0.1% tou yevikou mAnBuopou
QVATITUOCOUV CUUITTWHATO cUVOPOLLOU
UTTEPTIPOTIOVNONG OAAQ TTAVW ato 37% Twv
e\t aOAnTwv o€ KamoLla ¢aon TN KAPLEPOLC
Touc Ba avamtuéouv CUUMTWUOTO TTOU
oxetilovtal e auTo To cUVOPOLO
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Abstract

Dvertrzining syndrome & characterized by declining performance and tramsient inflammation following periads of severe training with majaor
heahh implications fior the athletes. Currently, there & no single diagnostic marker for overiraining. The present investigation saminad the
respanses of axidative stress hiomarkers 1o 2 resstance training protocal of progressively increased and decressad volumea'ntensity. Twehe males
(213423 years) participated in 2 12ewesk resitance training comsisting of five 3ewesk periods (T, 2 tones'wesk; T2, § tones'wesk; T3, 14
toneswesl; T4, 2 tonesfwesk), followsd by a 3awesk period of compleie rest. Blood furine samples were collactsd at bessline and 96 h following
the last training s=ssion af each period. Performance (strength, power, jumping ahility) increassd afier T2 and declined thereafier, indicating an
avertrzining response. Dvertraining (T3 ) inducad sustinad leukocytosis, an increase of wrinary soprostanss (T=foldl, TBARS (56%), protein
carbanyls (73%), catalse (9534), ghiathione peroxidease, and oxidized ghitthione (G5S0) (25%) and a2 decline of reduced glukthione (GSH)
(31%), GSHOGSS0O (56%), and okl antiocidant capacity. Isoprostanes and GSHGSS0 were highly (=0.764-0911) correlated with
performance drop and training volume increase. In conclusion, overtraining induces a2 marked response of axidative siress biomarkers which, in
Same cases, was propartonzl fo training load, suggesting that they may serve 2s 2 ool for overtraining dizgnosis.

2 2007 Elbevier Inc. All rights ressrved.

Keywordr: Overmaining; Resisance exercise; Antionidan sares; O daive smess b omarioers

Abbreviators: (N8, overmaining syndrome; BT, resisance maining; ROS, Introd vetlon
mazmive oxygen species; TBARS, dhiobarbitomc acid-reactive sobeamces;
FrlsaP, isopmmamees; PC, pasin cxhamyle; CAT, emalase; TAC, soral anvionidan: Regular physical training is associated with a mild tissue
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C o M trauma followed by recovery [1]. When adequate recovery is

ghoahione; 1R, one repetition mavimal; AP, avemge power ooy DOMS, i X i
dirbayad omme of mroscle soomess; KR, keee join: mege of motion allowed, there is an adaptation and athletic performance
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improves, a process often called “adaptive microtrauma™ [1].
Haowever, when exercise volume and'or intensity are increased,
usually ahruptly, and the sthlete is not sufficiently recovered, a
mild trauma could develop into a more chronic, severe form of
tissue trauma. Athletes often develop a transient inflammation-
like reaction following wery intense acute exercise [2] or a



Training Volume (tones/wk)

[Mpomovntikog Oykoc¢
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MetoBoAEC o mMapApETPOUC armodoonC

Table 1
Traming volume and performance changes at baseline (B), and following low- (T1 and T4), high- (T2), and very-high-volume (T3) resistance training as well as the
recovery period (R)

B Tl T2 T3 T4 R

Mean training volume (tonnage/week) ' N/A 2.1x04 7.6=0.9%° 14.2+1.2%° 1.8£0.2¢ N/A

Maximal strength) (kg)’ 70.2£10.4 74.9+9.5° 83.2+86%" 77.8£0.6%"° 783+£8.8%0C 73.9£10.0%%%¢

Jumping ability (cm) 40.6+3.8 41.0£3.6 42.6+33%0 38.5+4.2° 40.0+3.8¢ 405£3.6°¢

Anaerobic power (Watt/kg) 03207 9.5+0.7¢ 10.1=1.1%° 9.8+0.9%m¢ 9.7+0.8%* 9.5=1.0%0=de

DOMS 0.0£0.0 0.5£0.5 2.3+1.4%° 7.2+£1.6%%5%° 3.8+1.7%4 1.1£0.4°

Knee range of motion (degrees) 141.3£7.7 140.1=8.9 3836450 135.4£9.6%™¢ 137.7£10.2% "¢ 140.2+12.2%°
nouinoal

Margonis et al. 2007



MetaoAec ota Asuka atpoodoalipla
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MetaoAec otnv avnypevn (GSH)
Kol o€elOwpEVN yAoutaBelovn (GSSG)

* Melwon kata 31% tnc GSH
e Auénon kata 25% GSSG
* Meilwon kata 56% tou Aoyou GSH/GSSG

-------

Margonis et al. 2007



MetaoAec ota Loompootavia, TBARS kalt
NMPWTEIVIKA KapBovulia
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GPX (U/L)

MetaBolec otnv untepoéeldbaon tnc yhoutaBelovng,
KOToAon Kot OALKN avTloéeldWTLKA LKavoTNTA
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JUOXETloELC petaéy petaBoAwv otnv amodoon

Kol OELKTWYV 0EELOWTLKOU OTPEC

Table 2

Correlation coefficients of oxidative stress biomarkers with the magnitude of change in exercise volume during overtraining, and the magnitude of decline in each

performance variable following overtraining (compared to T2)

TBARS Fa-IsoP PC GSH GS5G GSH/GSSG  TAC CAT GPX
Exercise volume (tonnage lifted/'week) »r=0.391 r=0.812% »=0.236 r=0.060 r=—0.743 r=-0.809% »r=0318 r=—0.208 r=0233
P<0208 _P<0026  P<0573 P<0.899  P<0.071 E<0028 P<0.487 P<0.592  P<0.546
CMJ drop r=—0.612 Jr=0.786%*] r=0.374 r=—0.103 r=0.808% |r=00911*% r=—0577*% r=-0.156 r=0.062
F<0.180 "F=00306 F=<0361 P<0.826  P<0.028 F<0.134 F<0.688  P<(0.856
MP drop r=—0428 »r=0773% r=-0482 r=0.092 r=—0.710 r=0.856*| r=—0.670 r=—0.035 »=0.015
P<0250  P<0041  P<0227 P<0844 P<0074 FP<0.069 P<0.929  P<0.966
Chest Press IRM r=—0469 r=0.568 r=—0.602 r=-0227 r=-0705 |r=0.764% r=—0406% r=0073 r=0.006
F<0203 P=0184 P=<0114 P<0.624 P<0077 ™r=uoen F<0.312 F<0.853  P<(0.986
Power clean [RM r=—0.250 r=00928% r=-0639 r=0.050 r=—0.665 r=0.804% r=—[0.686 r==0.175 p=-0.022
P<0516 P<0003 P<0.088 P<0916 P<0103  P<0.007 P<0.081 P<0.652 P<0.949

Margonis et al. 2007



* TLylveTOL HE TN XPOVLA KOTIWON;



2UvOpouo Xpoviac Komwonc Ko
MpwTteivika kapBovuAla

Table 1. Protein carbonyl levels in the sera of chronic fatigue syndrome
patients and controls

CFS patients Controls
Number of serum samples 36 16
Protein carbonyl levels 16.79 + 2.69 13.88 + 2.18
(nmoles/ml of serum)
Serum protein 34.11 £ 1.66 34.34 £ 2,98

Smirnova & Pall 2003



MpwTteivika kapBovulila Kot
UTIEPTIPOTIOVNON

Protein carbonyls (nmolsmg™)
0.30 1~

0.25 - i:::q‘,-"i
#i =
0.20

---o--- Baseline overtrained

0.15- .--@-- B-month overtrained
—a— Baseline controls
—m— 6-month controls
0.10 ;

Before After

Tanskanen et al. 2010



AvVTLOEELOWTLKN LKOWVOTNTA KoL

UTTEPTIPOTIOVNON
ORAC (UM Trolox equivalents)

70

60 -

50

40 - ---o--- Baseline overtrained
---o--- B-month overtrained
—a— Baseline controls
—a— 6-month controls

30

Before After
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O&eLOWTLKO OTPEC KOl UTIEPTTPOTIOVNON

* H aoknon npokaAel 0&€elOWTLKO OTPEC TO
OTTOLO ELVOL QTP ALTNTO VLA TIPOTIOVNTLKEC
TIPOOCOPOVEC

* H oUOTNUOTLKN TPOTIOVNON EMAYEL TO
AVTLOEELOWTLKO cuoTnUa

* H unepBoAkn mpomnovnon o€ cuvduaAoUO LLE
TNV MANUUEAN amokataotaon HeTaBalouy
OELKTEC TOU OEELOWTLKOU OTPEC



O&eLOWTLKO OTPEC KOl UTIEPTTPOTIOVNON

* Qaivetal mwc Oeiktec Mov oxetilovtal UE TO
0&ELOWTLKO OTPEC KoL TO OVTLOEELOWTIKO cuoTNUA
elval evoilodntot:

» o vo prmopEoouv va armokaAU Pouv ¢atlvopeva
ouVOPOUOU UTIEPTIPOTIOVNONC

» [ va kaBoploouv tnv avaykn yia opBoloyikn
QTOKATAOTOON

* JUXVN KoL TtpOYpPOLUUOTIOMEVN aéloAoynon ka b’
OAn TN SLAPKELA TNG TIPOTIOVNTLKN G XPOVLOG





