Aoknon Kat rtopoywyn eEAeVBEpwWV
pl{wv. AvtloéeldwTIkO cuoTnua

Oavaonc Tlapovptac, Ph.D.
KaBnyntnc Bloxnueiag tng Aoknong



O James Bond avtipetwnilel tic eAeVOepeg pilec

M : "To many free radicals that's your problem"
James Bond : "Free radicals sir?"

M : "Yes the toxins that destroy the body and the brain. Caused by eating too

much red meat and white bread, and too many dry martini's

James Bond : Then | shall cut out the white bread sir!"

Moneypenny : Have you got an assignment James

James Bond : Yes, yes Moneypenny. I'm to eliminate
all free radicals"

Moneypenny : Oh! Do be careful!”




O&elOWTLKO OTPEC

e [EVIKOC OpOC O OTIoLOG
avad)éperou otnv Oxidative stress 0% Prysielosicallevels  pog jacking
avioopportia LETOEL TNG ~— r——
Snuloupylac SpacTikwy LOW
ofuyovou Kal alwTtou Kal TG

aT[OlJ.('IKpUVO'I’]q aUT(bV Antioxidants:
SlapEoOU TOU ' Lm

aVTLOEELOWTIKOU CUCTHHOTOC

 Ta dpaotika €idn oéuyovou
Kol al{wTou €ilval yvwoTA Ko
wC eAeLBepec plleg




e Elval yvwoto amo tn $uoLkn OTL To
atopo KaBe otolxelov amoteAeital
QIO TOV TTUPNVOL KOLL T OLPVNTLKAL
dopTIopEVA NAEKTPOVLA TTOU
NMEPLOTPEDOVTOL OE CUYKEKPLUEVEC
TPOXLEC YUPW QIO QLUTOV.

* MMupnvog = npwtovia (+) ko
nAektpovia (-)




TL elval eAeVBepec pllec;

* Quoiec ol omolieg €xouv €va
alevyapwWTO NAEKTPOVLO OTNV
e&wTtePLKN Touc oTfada.

* Toa alevydpwta NAEKTPOVLA ELval
oAU aotadn kot avtdpouv oAU
gUKOAQ e AAAQL ATOMAL 1] LOPLAL.
Elvol oAU emikivbuva ylo ouoieg
TOU CWHOTOC, OTIWE Ta ALrtidLa, ot
NMPWTELVEC, oL udATAVOPAKEC KAl TO
DNA.




EAevOepec Pilec

Aviov uTtepoéelbiou N superoxide radical (02).

Yriepoéeiblo tou vdpoyovou N hydrogen peroxide
(H,0,), To omolo mapayetaL Amo TO OVIOV TOU
vrtepoéeldiov.

Pilec vbpotuAhlov n hydroxyl radical (OH®).
Anploupyeitat ano tn 6waomacn tou H,0,, TO
omolo av Olaomaotel otn peon Sivel dvo pilec
vOpoéuliovu.

Pilec vitplkou o&€oc N nitric oxide (NO*) (J.
Karlsson, 1997).



Moapayovtec Snulovpyloc eEAsvBEpwV pL{wv

FORMATION OF FREE RADICALS
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H avénuévn mapaywyn eAsuBEpwVY pL{WV HE TNV AOKNON TIPAYLOATOTIOLETAL
OlapECOU SLaPOPETIKWV TPOTIWV

@ ATP

synthase

* ®
@ @ @ @ complex

1.  AmoBoAn twv nAektpoviwv

e 0 TNG OVATTIVEUOTIKAG

: aAvcidac oto eninedo twv
KUTOXpWHATWV. Mia
nocotnta 2-5% tou O, TO
orolio npooAappBavoupe
dev avayetolL o€ vepO oA
dnuloupyel eAeVBepeC naok 4 @) nao* +2@)
pilec. Kuttoxpwpata

FADH , —» FAD +2(@) ®

2@)+ 120, —H,0

electron transport system @

2. MetaBoAn oTnV aLUATIKA
PO TWV HUWV KOl 0TNV
arneAevBepwon 02,
(underperfusion -




H avénuevn moapaywyr eAeuBEpwv pL{WV LE TNV ACKNON TPOLYLLOTOTIOLELTOL
Slapecou SLaPOPETIKWY TPOTIWV

3. Oubetepodla kal
Lakpodaya Kata tnv
katootpodn «BAaBepwV»
OUGCLWYV TOU opyaviopou
(oxidative burst).

4. Ofeibwon awpoodatpivng,
Huoodalpivng Kat
KQTEXOAQULLVWV




H avénuévn napaywyn eAsvOepwv prwv MPAYHOTOMOLELTOL
dwapgoov dradopetikwv tponwv (avaepofia aocknon)

EEs) | During Exercise
T Mitochondral electron transport

T VO, p-1 Catecholamines

1 Prostanoids

1 Ischemia/reperfusion — .1 Kanthine Oxidase
(Tissue specific:

severity dependent on

exercise mode: static

muscle action (e.g., as in

resistance exercise) or blood

shunt (e.g.. as in sprint exercise)

followed by reoxygenation)

Excessive trauma —™Disruption of iron
containing protein

EEEEE) | Post Exercise 1 Prostancids

Muscle fiber injury Proteolysis

{Mechanical)

Inflammation

Imbalance in calcium homeostasis



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 AvTLOEELOWTLKO ZUoTnUa

e Alopoutaon tou unepoéeLldiov (SOD)
202 + 2H* SOD H,0, + 02

e KataAdon
2 H202 CAT 2 H20 + 02

* Ynepoéelbaon tn¢ yhouvutabelovnc (GPX)
H202 + 2 GSH GPX X GSSG + 2 H20




Mn Eviuuiko Avtioéeldwrtiko Zuotnuo

Brtapivn E

Brtapivn C

Birtapivn A i peTvOAn
Juveviupo Q10
MNpwTteivec Bepuikol ook
Qepttivn

AABoupuivn
XoAepuBpivn
YepouAoTAaoLivn
OAaBvoeldn

OupLKo o€U

@&eloAec (yYAoutaBeLovn)

Balanced Cells Effectively Cope @

@ with Oxidative Stress
CoHH SRy, ..

T e,
a : &
4
F ey,
s
N
- \ .
\

Extraceliulas Fiud  Gyenproten b Mot
(Call extense)

d
(Cell interion) AOVISES 50 1043 BIIYC WIth SEArICH SAONCION DORNSE PAraxiction.



YUVEPYETIKNA Opaon avVTLOEELS WTLIKWV

R RH
wmm

\\\‘_—’/fuwuadVMMMnE
6/”——~\\ Ascorbate

Dehydroascorbate
RH GSSG
Ro

GSH &/
GSH peroxidase GSH reductase

GSSG
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Mé£BoboL ekTiNONC TOU 0EELOWTIKOUC OTPEC

EKTIVEOLEVO TTEVTAVLO
MoaAovoLaAdeidn (TBARS)
Y6poimepoteidlo Autibiwv
loompootavia

Yuleuyvéva SLEvia

MNpwTteivikad KopBovuAla
Avnyuevn yhoutaBelovn (GSH)
Oeldbwpévn yhoutaBelovn (GSSG)
Noyoc GSH/GSSG

. OAKN aVTLOEELO WTLKA LKAVOTNTOL TOU OpoU
. OupLKO 0&L

. XoAepuBpivn

. Electron Spin Resonance (ESR)

. Brtapivn C

. Brtapivn E

R-CH=CH-CH2-R
Polyunsaturated fatty acid

R-CH=CH-CH-R

Allyllic polyunsaturated fatty acid radical

R-CH=CH-CH-R
I
O
|

O-
Lipid peroxyl radical

|

R-CH=CH-(|IH-R

P

OH
Lipid hydroperoxide

0] O

[ Il
H-C-CH2-C-H
Malonaldehyde

Fig. 1. Steps of lipid peroxidation (Alessio, 2000).
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EAeUOepec pllec Kal aoknon

* To 1978 avadepOnke yLa tpwtn popa OTL
eAeVBepec pilec epdavidovrol kata tn SLAPKELO TNC
aoknong (Dillard et al. 1978)
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Awdpaokn entibpaon tou OEeOwTLKOU
OTPEC OTN HUIKN armodoon

Resting
muscle

High ROS
levels

lsometric Force
(% maximal)
£h

Reduction 1Ee|lular TR Etate’ Oxidation

Reid et al. 1993



Kwntikn delktwv o€eldWTLKOU OTPEC HETA MO aePOBLaL ACKNON: TTOLOG Eival O
KotatAANAOTEPOG XPOVOC yia atpoAnPia
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OHOLOMOPPEG KaL MOPATETUUEVEC METABOAEG 0€ SEIKTEC OEELOWTLKOU OTPEC HETA ATO
EKKEVTPIN AoKNoNn

Isomteric peak torque (Nm)
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MeLwPEVO OEELOWTLKO OTPEC LETA OTLO EMOVOAXUBAVOLLEVN EKKEVTIPN AOKNON

DOMS palpation (1-10)

Torque (Nm)

50

10 T T T T T T T

Time (days)

Time (days)

ROM ()

DOMS walking (1-10)

140

Time (days)

Time (days)

2500

CK (U/L)

Time (days)




GSH (mM)

0,4
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0,2 -
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0,0
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60
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Catalase (mM/min)

Bilirubin (uM)
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Time (days)

Uric acid (uM)

TAC (mM DPPH)
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2 UUTTEP OO OTLKAL

H €vtovn Ko aocuvnOnc aoknon odnyeL otn
dSnuovpyla eAevBepwv pLwv.

H puikn BAAPN cuvOEETaL e auEnUEVN
nopoucia 0EELOWTLKOU OTPEC

Yriapyxel eva cuotnuo udatodLlaAuTwy,
AUTOOLOAUTWY AVTLOEELO WTLKWV OUCLWV KoL
ev(U LWV TO OTIOLO UTIOPEL VO OLTTOOVWOEL TLC
e\evBepec pilec.

H nipomovnon enayeL tn Asltoupyia Tou
avTLOEELO WTLKOU CUCTHHOTOC.



MpoKaAOUMEVO QMO TNV ACKNON 0&ELOWTLKO OTPEC OE
atopa
e EAAewdn tou evlopov G6PD

* EAAewpn evlupou G6PD eival n o ouyvn
ev{upomnaBeLa oTov KOGUO.

* 400 k. atopa tapovotalouvyv tnv EAAedn
 A-, Med, Canton



[AoutaBelovn

* TputemntibLo To omoio
Oewpeital evOOyeVEC NAOPH#HF
avtloéeldwTiko. Bonbael otnv
amopovwon H202 otav BT
OEELBWVETOL KO LETATPETETAL | 00
armo avnyuevn yAoutabeLlovn
(GSH) o€ o&eldbwpévn
yAoutaBelovn (GSSG). NAoF*

* Havaku K}\(L)’O' n NG ana LT‘,C' L Figure 22-3, Roe of the pentose phosphate patfwy i the glutahione peroxcase reachin of eryrocytes, G-5-5-G, ok
Tnv nmapovoLa UTtePO EE bao NG deedghtathiong; G-Srrecuced glutaione: e, seleum coeeto,

Nn¢ yAoutaBelovng (GPX)
avaywyaong tne
yAoutaBelovne (GR), NADPH
KoL oEANViov.

655 "0

GLUTATHIONE
REDUCTASE

GLUTATHIONE
PEROXIDASE

63K n

)



Atopa pe EAAewn tou
evlUpou G6PD pmnopei
va mapouolalouy
LELWUEVN

QVTLOEELO WTLKN
LKVOTNTO,;

Mutations in the gene for GBPD

!
Decreased activity of GEPD

i}
Decreased levels of NADPH

d .
Decreased regeneration of GSH from GSSG by

glutathione reductase (which uses NADPH)

l
Oxidation, due to decreased levels of GSH and

increased levels of intracellullar oxidants (eg, O, ),

of SH groups of Hb (forming Heinz bodies) and of
membrane proteins, altering membrane structure and
increasing susceptibility to ingestion by macrophages
(peroxidative damage to lipids in the membrane also
possible)

d

Hemolysis

Figure 60-2. Summary of probable events causing hemo-
lytic anemia due to deficiency of the activity of glucose-6-
phosphate dehydrogenase (GPD).



MpoKaAOUUEVO ATIO TRV ACKNON OEELOWTLKO OTPEC OE ATOMOL
pe EAAewdn tou evipouv G6PD

GBPD deficiency

I Decreased activity of GBPD |

'

l Decreased levels of NADPH J ﬁ\\__»_

'

AN
rDecressed levels of GSH | >
) LOH +H,0 GSSG™ : e NADPH + H* 6-phosphogluconolactone
o1 2H,0 "
.._\\ B
v N :
Glutathione Glutathione . Pertose phosphate
Oxidative stress . peroxidase raductase GePD pethway
4

,t?r?,%, 2GSH NADP* Glucos&G-Tp hosphate
Glucose

Increased levels of oxidants and peroxides




Lifect of Exercise on Oxidative Stress in Individuals with
Glucose-b-phosphate Dehvdrogenase Deficiency
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Enidpaon xpoévou p<0.05

Kpeatwvikn Kwvaon Eni5paon ouiSas p<0.05
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o-Lipoic Acid Supplementation Up-Regulates Antioxidant
Capacity In Adults With G6PD Deficiency

KaAAi61rn MNewpyakoUAn, XapikAeia K. AgAl, ABavdaoiog ZahaBpdg, lwavvng T.
daroupog, AnunTpiog Koupétag, MNavvng Koutevrakng, ABavaoiog Z. TCiapoupTag
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ANMOTEAEZMATA
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[pETEL TA ATOUA TTOU ITPOTtovouvToL val Ao avouv
LEYAAUTEPEC TTOCOTNTEC AVTILOEELO WTLIKWV;

e Elval mapadeKTO Mw¢ n mponovnon PEATLWVEL
TO AVTLOEELOWTLKO CUCTNHO TOU OPYOVLOUOU.

* ATIO TIC aVTLOSELOWTLKEC OUCLEC TTOU £XOUV
xpnotpormolnOet n Brrapivn E amoteAel iowg
TOV TTLO QTTOTEAECUATLKO OVTLOEELOWTLKO
nopayovta (Goldfarb 1993; Goldfarb et al.
1994).



Brtapivn E ko aocknon

* H Brtapuivn E Bploketal og apvnTikn
OUOYXETLON ME TLC MUTKEC Lvec TUTOoU |
UTtOOELKVUOVTOC TIWC TOL ATOULA TAL OTTolaL
£XOUV AUENMEVO % MUKWV LYWV TUTTOU |
LLTTOPEL VOL EXOUV KAl LEYOAUTEPN aAvVAYKN
yla Brrtopivn E.



Brtapivn E ko aocknon

* Qalvetol mw¢ N cupumMAnpwpatikn AP n Brropivng
E avéavel Tnv avtiotaon Twv LoTwv wW¢ tPoc TNV
ETIAYOUEVN UTIEPOEELOWON TWV Attdlwv armo Tnv
aoknon.

e 200-300 mg/nueEpa LELWCOV TN CUYKEVTPWON TNC
MDA kot delktwv puikne kataotpodnc (Rokitzki
et al. 1994; Sumida et al. 1989).

* 60 nueEpec ANPNnc e€adavicav Tic evOeifelc
rnopaywync eEAeuBepwv pLlwv Kal uTtEpoEeidwonc
TwV AUtdiwv oto puokapdlo apoupaiwv (Kumar
et al. 1992).



* H oupmAnpwpotikn
Andn Brrapivng E
BonBaeL otn
LELWHEVN TTApAYywWYN
eAevBepwv pLlwv.
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e 1.1
¢ levels before and after 20 minutes of exercise at 100% VO, max with
: 'thout vitamin E supplementation. (Adapted from Pincemail, ., et al.:

casurement in man as an index of lipid peroxidation. Bioelec-
hem. Bioenerg., 18:117, 1987.




Brtapivn E ko aocknon

o JuprnAnpwpoatikn Anyn 250 U ya evte
eBOOUASEC CUVETEAEDE OTN ULKPOTEPN
ouykevipwon TBARS kat urtepo&eldiwv Twv
AL lwv TO00 0TO TTAACHOL OGO KOlL OTOUC
noec peta amno 1 wpa acknonc (Goldfarb et
al. 1994).

e JupmAnpwpatikn Anyn ylo opKETEC NUEPEC
LLETA TO TEAOC TNC Aoknong odnyel oe
LELWLLEVN TTapaywyn eAeuBepwv pLlwv
(Meydani & Evans 1993).



Brtapivn E ko aocknon

* HouvunAnpwpotikn AnPn Brtapivng E dev
BonBa otnv kaAutepn amodoon (Kanter
1995; Clarkson & Thompson 2000).

o (Daivetal nwc n Brtapivn E BonBaeL otnv
OKEPALOTNTO TWV LOTWV (TT.Y. LUTKOC LOTOC,
KaPOLAKOC LOTOC K.A.TT.) XWPLC UTTOXPEWTLKA
va BeAtiwvel Ttnv anodoon.

* MpooéeldbwTtikec LOLOTNTEC TNC PLrrapivne E



Bitapivn C kat aoknon

* OtJakeman & Maxwell (1993) £beLéav nwc T
entimeda duvaung 6€ pewwvovtal otov iblo Babuo
LETA amo cuunAnpwpatikn Ann Brrtapivng C
(400 mg nuepnoiwc yia 3 Boéouadec).

* Ot Kaminski & Boal (1992) Bprikav mwc n
oupurAnpwpatikn Anyn Brrapivne C (200 mg
nuepnoiwc ya 30 nueEPEeC) pelwoav ta enineda
kKaBuotepnEVOU HUTKOU Ttovou Katd 33%.

 OLAshton et al. (1999) €beLéav twe n

CUUTANPpWHATIKA ARYPn Bttautvnq C
npo)\auBava TNV napavan eAevBepwv pLlwv
LLETA ATIO EVTOVN AOKNOoN MEXPL E€AvVTANONC.



Bitapivn C kat aoknon

e Otela yopnynon Brrtapivne C (2 wpeg mtpLv amo tnv
aoknon) 6gv emnpealet ta emineda SEIKTWV HUTKNAC
Kataotpodnc, KaBuoTtepnNUEVOU HUIKOU TTOVOU, Kol
urtepoéeidwonc twv Autbilwv (Thompson et al.
2001).

* HovumAnpwpatikn Anpn Brrapivneg C umopel va
HeElwoeL Ta enineda kaBuotepnUEVOU HUTKOU
rntovou (Clarkson & Thompson 2000) kat Ttnv
aroKotaotaon HETA amo agpofa aocknon (90
Aemttd) (Thompson et al. 2001).

* ATIOTEAECUOTO OPKETWV EPEUVWV CUYKALVOUV OTNV
aron nwc N cupnAnpwpatikn Anyn Prrapivneg C
dev avéavel tnv anodoon.



2UVOUAOLLOC OVTLOEELOWTLKWV

* [TOANEC EPEVVEC TTOU £XOUV VIVEL E€ETOICAV
TNV enidpoon mouU €XEL YLOL LELLOVWHLEVN
avTtloéeldWTIKN ovolo oTNV mopaywyn
eAeVBEPWV pLWV Kol TpooTOcia OTNV
QKEPOLLOTNTO TOU MUiKOU LoToU.

* TeAevtala yivetal mpoomabeLla va
eéetaotel mowa eival n entibpaon tou
ouvOUAOUOU AVTLOEELO WTLKWV OUCLWY OTNV
npoAnyn dnuovpyiac eAevBepwv pLlwv
KOlL TTPOOTAOLOC TOU MUOC.



2UVOUAOLLOC OVTLOEELOWTLKWV

 Ouleng et al. (1996) Bpnkav MwE N TOLWUTOXPOVN
ANYn Brtapivne E kat C odynoav o€ pELWUEVO
eTMeESA KUTTAPOKIVWY LETA OTTO AOKNON TIOU
emePePE HUIKN KaTtaoTpodn, KATL TTOU UTTOOELKVUEL
nwc uTtnpée npoocapuoyn.

e O 16lo¢ ouvduaoHOC AVTIOEELOWTLKWY CUVTEANECE OF
LUIkpotepn avénon tnc MDA kat CK toco peta to
TEAOC evOC pHapaBwviov 000 Kat 24 WPEC LETA TO
nepac avtou (Rokitzki et al. 1994).

e Yuvbuaopoc Brtapivne E, C, B-kapotivne HElwoE Ta
eniineda unepoéeidwonc Twv AUtdiwy Kot
Kataotpodnc HuikoL otov (LDH) 24 wpecg peta
Qo Aoknon o€ enoyyeApotiec kaAaboodpalploTec.



No effect of antioxidant supplementation on muscle performance and
blood redox status adaptations to eccentric training'™

Anastasios A Theodorow, Michalis G Nikolaidis, Vassilis Paschalis, Stilianos Koutsias, George Panayiotou,
foannis G Fatowres, Yionnis Kowtedakis, and Athanasios £ Jamurtas

Vitamin or placebo supplementation | ]

l Wl

[

Placebo group
(r=14) l

Rest lé lHl Eccentric training — Rest
Vitamin group T_ T T T T
(=14}
Untrained Trained
I [ | | [T LU I [ [ | [TETITT
0 1 2 3 4 i i T a 4 10 1"

Time (weeks)

FIGURE 1. Study design. Downward arrows indicate the time of blood sampling, and upward arrows indicate the time of muscle biopsy collection.
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FIGURE 3. Mezan (= 5EM ) isometric pzak torgee (A, range of motion {ROM; B), delayed onset muscle soreness (DOMS; C), and creatinine kinass (CK;
D) in placebs {r= 14; @) and vitamin {z = 14; &) growps in the untrained and trained states. No significant diffsrencss wers observed betwesn the placebo and
vitamin groups at any time point in either the untrained or trained state. Three-Factor ANOVAs with repeated measurements on time and post hoo pairwise
comparisons through the Sidak test were wsed. 5, main effect of supplement; TS, main effect of training state; T, main effect of time; Nm, Newton meter.
Internctions are shown, *Significantly ditferent from the pre-exercise value in the same group, P << (L05.
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FIGURE 4. Mean {£5EM) concentrations of reduced glutathione {GSH; A) and oxidized glutathione (G55G; B) and the GEHAGSSG ratio (C) in the
placeho (v = 14; @) and vitamin {r = 14; Z) groups in the untrained and trained states. No significant differences were observed between the placebo and
vitamin groups at any time point in either the untrained or the trained state. Three-factor ANCOVAS with repeated measures on time and post hoo pairwise
comparisons through the Sidak test were wsed. 5, main effect of supplement; TS, main effect of training state; T, main effect of time; Hb, hemoglobin,
*Significantly ditferent from the pre-exercise valee in the same group, P << (105



2 UUTTEP OO OTLKAL

* H gvtovn Kot aocuvvnOnc aocknon odnyet otn
dnulovupyla eAevBepwV pL{wv.

* Yrtapyel eva cuotnua udatodLlaAuTwy,
AUTOOLAAUTWY OVTLOEELOWTLKWY OUCLWYV KoLl
ev(U LWV TO OTOLO UTIOPEL VO ATTOLOVWOEL
TLC eAeVBepec pllec.

* H mpomovnon enayeL tn Aeltovpyia Tou
aVTLOEELOWTLKOU CUOTHHATOC.



2 UUTTEP OO OTLKAL

* HouvpumAnpwpotikn AnPn avtloéetdwTkwy
OUCLWV UITOPEL VOl LELWOEL TN dnuloupyla
eAeVOEPWV pL{WV META ATIO ACKNON TIOU
npokaAet puikn BAaPn . Qotooo, dev eival
¢ekaBapo eav auto amnoteAel cwotN
MPOKTIKN €€aLTioc TWV MPOCOPUOYWY TIOU
Htopel va emeABouv armo tnv nopoucia Tou
0&eLOWTIKOU OTPEC.

* H oUUMANPWHUOTLKA oVTLOEELO WTIKWV
ouvolwv 6& BeAtiwvel Tnv amtodoon.



[MpOCAPUOYEC TOU AVTLOEELOWTLKOU
LLNXQAVIOMOU LLE TNV TTpOnovNoN

Table 2 Erythrocyte

antioxidant enzyme activities Before After

following exhausting exercise

b{f_r;\:lgijz}lﬁ ].ll];?lg'nti"]t;“"l © Rest Exhaustion Rest Exhaustion

gu‘;ﬂ’;‘;ﬂi 4 5?11.1111? [_D GPY Mean SEM  Mean SEM  Mean SEM  Mean SEM

glutathione pcroxidasu&. CAT - . — .

g o : | SOD (U g Hb™') 1,518 41 1,606 29 1,778* | 70 1,791 38

catalase, Hb haemoglobin |GPX (Ug Hb™H 3.7 04 327 1.1 35.3<| 1.1 340 08
AT (Kg b 1) 31.8 0.4 31.2 0.2 314 0.2 31.3 0.3

* P < 0.05 Compared to Before

Miyazaki et al.
2001



General Adaptation Syndrome (GAS)

 @aon cuvayepuou:

amoKpLon Tou
uetaBoAlopou oav
avtidpaon kamolou
OTPEOOYOVOU
TIOLPAYOVTOQL.

 @adon avtiotaong:
emildlopBwaoelc amo tov
OpPYQVLOUO.

* ®aon tng e§aviAnong: s

Resistance to Stress

ol emiblopBwoelg bev
elvoll APKETEC Kal
eudavilovrol
CUMMTWHATO aloBEveLac.



e TuylvetoL oTNnV NMEPUTTWON TTIOU UTIEPTEPEL O
NPOoOoEELOWTLKOC KUNXOVIOUOC;

* MetafaArlovtol ol OELKTEC OEELOWTLKOU OTPEC
LLE TNV UTTEPBOALKN TtpOTIOVNON;



MetoBoAEC 0EelOWTIKOV OTPEC O L
NPOTIOVNTLKN TtEpLodOo

1000 120
¥ s
900 — _ -
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3 700 T T x
$ 2 80
S5 600 _
< £
g 500 % 60
=]
o 400
£ 40
£ 300
o
= 200
20
100
0 0
T1 T2 T3 T4 T1 T2 T3 T4
Fig.1 Evolution of the training load from T1 to T4. T3 represents the Fig.3 Evolution of the lag phase (Lp) from T1 to T4. T3 represents the
reference time. Values are given as arbitrary units per week. * differ- reference time. * difference with T3 (* p<0.05).

ence with T3 (* p<0.05; ** p<0.01).

Finaud et al. 2006
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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;
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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)
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MetaBOAEC O TTAPAUETPOUC
arnodoonc

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 TI 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£3.6 426=33%0 38.5+4.2° 40.0+3.8° 405£3.6°¢
Anaerobic power (Watt'kg) 0.3£0.7 0.5+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%°

1 I‘!'l:llltTé‘l‘jl'l;l"lj

Margonis et al. 2007



MetaoAec otnv avnyuevn (GSH)
Kot oéetdwpevn yhAoutaBelovn (GSSG)

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

-------

Margonis et al. 2007



MetaBoAec ota Loompootavia, TBARS
KOLL TIPWTELVIKA KopBovuALa
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Margonis et al. 2007



MetaBolec otnv uniepoéetdbaon tnc yhoutabelovnc,
KataAdon Kot OALKN avTloEelOWTLKN LkavoTnTa
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>UOYXETLOELC PETAEL peTafoAwyv otnv

artodoon Kot OeLKTWV 0EELOWTIKOU 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=0.233
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



2UvOpopo Xpoviog Komwaonc ka
MpwTteivika kapBovuliia

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
(mg/ml of serum

Protein carbonyl levels 0.492 £ 0.0747 0.409 + 0.800

(nmoles/mg protein)

Smirnova & Pall 2003



* O&eLOWTLKO OTPEC KOl
UTTEPTIPOTIOVNON



2>UVOPOMO UTIEPTTPOTIOVNONC

* 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



MpwTteivika kapBovuAla Ko
UTLEPTIPOTIOVNON

Protein carbonyls (nmolsmg™)
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Tanskanen et al. 2010



AvTLOEELO WTLKN LKAVOTNTO KO
UTLEPTIPOTIOVNON

ORAC (UM Trolox equivalents)
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Tanskanen et al. 2010



YUUTEPAOLOTO

* 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



YUUTEPAOLOTO

* Qaivetal nwc delkTeC MOV o)eTL{OVTAL UE TO
0&ELOWTLKO OTPEC KoL TO OVTLOEELOWTIKO cuoTNUA
elval evoilodntot:

» [ va propgoouv va arnokaAUpouv ¢patvopeva
ouVOPOUOU UTTEPTIPOTIOVNONG

» [a va kaBoploouv tnv avaykn yla opBoloyikn
QTOKATAOTOON

* JUXVN KOL TTPOYPOLUUOTIONEVN aéloAoynon kad’
OAn TN SLAPKELA TNG TIPOTIOVNTLKN G XPOVLOC





