Aoknon kot EAAeln evlpov G6PD
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G6PD

MpwTto £VIUHO TNC TTOPELAC TWV
dwodoplkwyv rtevtolwv.

AvakaAUpOnke amo tov Otto
Warburg to 1931.

Arntopaitnto yia tnv enBiwon
ToU epuepOKUttapou N
BloAoylkn ynpavon Tou omoiou
e€optatal arno TN HElwon Tou.
Oco veotepa ival ta
epuBpokuTTApPO, TOOO
neyaAutepn moocotnta G6PD
TIEPLEXOUV.
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Avenapkelo. G6PD

Yuxvotepn dlatapayn Tou EpUBPOKUTTAPOU OF
TTOYKOOMLOL KALLOKOL.

200-400 ekat. avBpwTtol o€ OAO TOV KOOHO

MAnBuopol Meooyeiov, Adpiknc, Actoc kat Meong
AvoTtoAng

A-, Med, Canton
AnotéAeopa eEANewpnc G6PD ———
ofela KoL xpovia atpoAvon



[ ] <0-5%
] 0.5-2.9%
1 3-6-9%
1 7-9-9%
B 10-11-9%
B 15-26%

Ewdva 1. [ayxéopma xatovoun g EAdewyng GOPD



Iivaxag 1. Iotopia g kaTavonong e EAlenyng e G6PD

1956: Avaxkdaioyn g éMretyng s G6PD

1966: I1poGoH1OPIGUOS TV FLUOIKAGLOV VLo TN MEAET TG EAhewyng e G6PD
(emotnuoviki opada T WHO)

1966 — 86: Ilgpimov 400 Proymmuikéc mowhiec Elrewyng s GO6PD
YOPUKTNPLOT KAV

1986: KAmvomoinon Kot TPocodHopiopnog s oAAAovyiag ToV VTEVOVVOL YOVIOioV

1986 — 2006: Ilgpimov 140 popuokéc mOKIAMES TOL vVAEVOLYOL YOVIOIOL
TTPOGOL0PIoTIKAY

1994: Kpvotariomoinon tov tp®TEIVIKOV popiov s GO6PD amdé ta Leuconostoc
Mesenteroides

1995: Xtoyevpuévn dudomaot Tov €v AOY® YOVIOL0V

1996: Tproordotatn ameikovion tng avOpomiviic G6PD




* ExeL SexBel otL 40-70% pelwon otnv
dpaotnpkotnta Tt G6PD €xeL cav
aroteAeopa 30-40% pelwon ota enuteda tou
NADPH kot auto, JE Th OELPA TOU, EXEL OAV
QTTOTEAECHO LN EMOPKN QVTLOEELOWTLKN
NPOOTOCLA TWV KUTTAPWV Kol Apa, UTO
KATAAANAEC oUVONKEC, KUTTAPLKO Bavato
(Leopold et al., 2001).



ALLOAUTLKN Kpilon
KatavaAwon KOUKIwWV —  KUQUWON
MpooAnyn cuykekpLUEVWY dapuakwyv (EAovoaoiog)

MpodLaBeon epdAavionc KOTaPPAKTN KoL UTIEPTOONC
KUpLw¢ otav katavaAwvouv CHO

QoTt000, avadopeC UTTOOELKVUOUV OTL TOL ATOUOL UE
eAM\ewpn G6PD €xouv Hkpotepn Bavotnta yLo
eudavion cakxopwdn dtapfnitn kat kopdLayyeLlokad
voonuata.

MBavov Aoyw ULKpOTEPWYV eTtLMESWV ota Autidla Tou
ailpatog



[AoutaBeLovn

* Tputemntidlo to omnoio Bewpeital
eVOOYEVEC AVTLOEELO WTLKO. NADPH's K
BonBaeL otnv anmopdvwon H202
oTav oEeLdWVETAL KoL
LETATPETETAL OTIO AVNYUEVN el
yAoutaBelovn (GSH) oe | PATAY
ofeldwpévn yhoutabeldvn (GSSG). ——

* H avakUKAwon TN amaLtel tnv
napoucia UTEPoEEddonc TnG NADP
yAoutaBelovncg (GPX) avaywyaong

: ' o20f I pentose phosphte pathwey i the qutatione peroridase reacdon of eracyes. G-S-5-G, i
tnc yAoutaBetdvnc (GR), NADPH Eygyre 224: F-CIU_O[I||"E£J,H.0:» ptaspja.t‘galhsiaf n lwe?u.a.hor Deroxidase reacion o endhrocytes, Gro-5-G, 0
, (el gutahiong; G-oH, recuced guihione; S selenium cofacto,
Kol oEAnviou.
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* Mrmopel ta atopa e
eA\ewn tou evlUpou
G6PD va napouactalouvv
LELWMUEVN
QAVTLOEELO WTLKN
LKOLVOTNTA,

Mutations in the gene for GEPD

d
Decreased activity of GEPD

)
Decreased levels of NADPH

! .
Decreased regeneration of GSH from GSSG by
glutathione reductase (which uses NADPH)

i
Oxidation, due to decreased levels of GSH and
increased levels of inirace_llullar 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)

l

Hemolysis

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



NMNpokKaAoUuEVO ATré TNV ACKNOT OSEIOWTIKO OTPES OE ATOMA
ME EAA&Iyn Tou eviuuou G6PD

GEPD deficiency

lDecreased actmty of GEPD |

'

l Decreased levels of NADPH I

~
l Dacreased levels of GSH |
. LOH +H,0 GSSG * NADPH +H* B-phosphogluconolactone
' Mm\/ V \/
L ]
] Glutathione Glutathione CEPD Pentose phosphate
Fdn:l idase reduciase /\ pathway
:?"?7%: 2654 Glucoseﬁfhosphate
Glucose

Increased levels of oxidants and peroxides
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Effect of Exercise on Oxidative Stress in Individuals with
Glucose-6-phosphate Dehydrogenase Deficiency
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Effect of Exercise on Oxidative Stress in Individuals with
Glucose-6-phosphate Dehydrogenase Deficiency
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Exercise-Induced Oxidative Stress in
G6PD-Deficient Individuals

MICHALIS G. NIKOLAIDIS"?, ATHANASIOS Z. JAMURTAS, VASSILIS PASCHALIS?,
IASON A. KOSTAROPOULOS', ATHINA KLADI-SKANDALI', VERA BALAMITSE,
YIANNIS KOUTEDAKIS?#, and DIMITRIS KOURETAS'

'Department of Biochemistry and Biotechnology, University of Thessaly, Larissa, GREECE; *Department of Physical
Education and Sport Science, University of Thessaly, Trikala, GREECE; 3Sickle-Cell Prevention Unit, Trikala Hospital,
Trikala, GREECE; and *School of Sport, Performing Arts and Leisure, Wolverhampton University, Walshall,

UNITED KINGDOM

ABSTRACT

NIKOLAIDIS, M. G., A. Z. JAMURTAS, V. PASCHALIS, 1. A. KOSTAROPOULOS, A. KLADI-SKANDALL V. BALAMITSI.
Y. KOUTEDAKIS, and D. KOURETAS. Exercise-Induced Oxidative Stress in G6PD-Deficient Individuals. Med. Sci. Sports Exerc..
Vol. 38, No. 8, pp. 1443=1450, 2006. Purpose: This study was designed to investigate whether individuals with glucose-6-
phosphate dehydrogenase (G6PD) deficiency can exercise without greater perturbations in their redox status compared with non=G6PD-
deficient individuals, Methods: Nine males with established G6PD deficiency and nine males with normal G6PD activity performed
two exhaustive treadmill exercise protocols of different duration (the shorter one lasting 12 min and the longer one 50 min). Several
hematological parameters, reduced glutathione (GSH), oxidized glutathione (GSSG), thiobarbituric acid reactive substances (TBARS),
protein carbonyls, catalase, and total antioxidant capacity (TAC) were measured in the blood before and after each exercise bout.
Results: Both GSH and GSSG were significantly higher in the control group compared with the G6PD-deficient group at baseline
(0.404 £ 0.101 vs 0.195 = 0.049 mmolL™" for GSH and 0.047 £ 0.012 vs 0.012 £ 0.006 mmol-L™" for GSSG; P < 0.05); as a result,
their ratio was not significantly different between the two groups (P > 0.05). All other oxidative stress indices were not different
between groups at rest (P > 0.05). Exercise of both durations affected significantly (P < 0.05) and similarly the levels of all oxidative
stress indices either in the G6PD-deficient group or in the control group. Only the long exercise affected GSH status significantly
(P < 0.05), whereas both short and long exercise increased the levels of TBARS, protein carbonyls, catalase activity, and TAC to a
samilar extent (P < 0.05). Conclusion: G6PD-deficient individuals are able to exercise until exhaustion without higher oxidative stress
compared with non=G6PD-deficient individuals, Exercise duration is an important determinant of the magnitude of exercise-induced
changes for GSH, GSSG, and GSH/GSSG, but not for TBARS, protein carbonyls, catalase activity, or TAC. Key Words: FREE
RADICALS, HUMANS, LIPID PEROXIDATION, REACTIVE OXYGEN SPECIES
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MANENMIZTHMIO OEZZAAIAZ m
TMHMA ENIZTHMHEZ OYZIIKHI ATQrHZ KAl AOAHTIZMOY 4

Metantuytako npoypauua ormovdwv
«Aoknon kat Yyeio»

H emidpaon tnc ofelac agpofLac AoknonNg oTn CUYKEVTPWON KoL
HetafoAn twv Autdlwv Tou alpatog o Atopa e EAAEL N TOU
ev(Uou Adudpoyovaon tng 6-Owaodopknc Mukolneg (G6PD).

Tng EruBAEnovteg KaBnynteg

Oeoyxapn AyyeAkng Tllapovptac ABavaolog
NikoAaitdng MuxaAng
Qatovpoc lwavvng



2xnuo 1: MetaoAEC 0T CUYKEVTPWON TNE OALKNG XOANOTEPOANG YL
T 6V0o opadeg, mpLv (Aeuko) Kat peta (Lavpo) amo Tig SUo SOKLUAOLES
AoKknone.

i Pre

m Post

Mikpn MeydaAn Mikpn Meyd&An
AlGpkela Aldpkela AlGpkela Aldpkela

QuaololoyiKda ‘EAAeipn G6PD



2xnuo 2: MetaBoAéc otn ocuykevtpwon tn¢ HDL- xoAnotepoAng
yLa TLg SUo opadec, mpLy Kal PeTa Tic SUo doklpaoieg aoknonc.

0 Pre

m Post

Mikpn MeyaAn Mikpn MeyaAn
Alapkeia Alapkeia Alapkeia Alapkeia

QuaoioloyIkd ‘EAeipn G6PD



2xnua 3: MetaBoAéc otn ouykevipwaon tn¢ LDL- yoAnotepoAnc
yLo Tig U0 opAOEC, TIPLV Kol LETA TLIC SV SOKLUACLEC AloKNnNoNC.
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QualiohoyiKa ‘EAAe1pn G6PD



2xNua 4: MetoBoAEC 0T CUYKEVTIPWON TWV TPLAKUAOYAUKEPOAWVY

yLo Tig U0 opAOEC, TIPLV Kol LETA TLIC SV SOKLUACLEC AloKNnNoNC.
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‘EAAeIyn G6PD



JUUTTEPACHATAL. ..

e Aev UTIAPYXOUV CNUAVTLKEC SLadopEC petasl Twv SV opAdwv
OTLC TLUEG TwV Autldiwv otnv npepia.

* H oteia agpofLa aoknon, KULKPNG Kal LEYAANC XPOVLKNC
SlapkeLac, Oev emipEpeL HETAPOA} OTN CUYKEVTPWON TWV
AUTLO LWV TOU alpaToC TO00 O€ ATOUA LE HUOCLOAOYLKEC TLUEC
000 Kol e EAAewdn tou eviupou G6PD.



Comparison between Glucose-6-Phosphate
Dehydrogenase-Deficient and Normal
Individuals after Eccentric Exercise

ANASTASIOS A. THEODOROU'?, MICHALIS G. NIKOLAIDIS'#, VASSILIS PASCHALIS',
GEORGIOS K. SAKELLARIOU'?, IOANNIS G. FATOUROS’, YIANNIS KOUTEDAKIS =, and
ATHANASIOS Z. JAMURTAS'?

J‘Caurer for Research and Technology, Insarure of Human Performance and Rehabiliration, Thessa}y. Trikala, GREECE:
“Deépartment of Physical Edueation and Sport Sefence, University of Thessaly, Trikala, GREECE; 4 Départment of Physieal
Edueatfon and Sport Selenee. Demoeritus University of Thrace Komotinl, GREECE; and “School of Sport, Performing
Arts and Lelswre, Wolverhampton University, Walshall, UNITED KINGDOM
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THEQDOROU, A. A, M. G NIKOLAIDE, V., PASCHALIS, G K. SAKELLARIOU, L G. FATOUROS, Y. KOUTEDAKIS, and
A Z JAMURTAS Corparison beaeen Glaooset.Prospigie Detydrogenass-Deficien: and Normal Individaale after Excenwic
Euvrcme Mad Sct Sporsr Exerc, Vol 42, Nou 6, pp. 1113=1121, 2010 Purpose: Traorsically, glodomstepnosname Senvd oge raes
Gre Pl defmen o pured wit socdeliaen mdnadab vay be b capable of performeg pvecel aivies ador may Be moce
walaengble 0 muscle damage and onideive sress. Thenefore, e parpose of the present study wis 0 ouaming ®he effecs of @
resisunde moss ledamaging enercise Dowt on muscle finetion and damage, redon st it plaema, and enythrogyi and hemolysic
Methods: Nine mala with eeablichad GEPD deficiensy and nine mala with normal GEPD astiviey performad an ecoeniric musdle.
daraging everome prosodol lesomemie worgue, range of motony, delived ones muscle sorenent, and T@tme kivase were mamted
2 indios of musske funsion and damage Roduced glarhione onidized ghashione, Rioherbinaic asd-reactve submane, prowin
corbonvi, cmalass, wric eid end wul antionidew cpecity werd mamared & indics of blood redon sans. Plhasra hemoglobin
and bilirabin were measarad as indioes of hemolysin. All measaremenys conduciad before, immedimely after, and 1, 2. ). S and 5 d
aftier exerciie. Rosulis All indices measared confirmed St acceamic exerciee induced sovere musck dammage, onidesive sees, and
memoham, pasiceng & 2 and ) d pomsaeome Lowe remng levels of redoced gheeihaons were desomad 1 2 GOPD-deflice: gromp
compared with the commol group. Nevertheloss, bodh the time ovarse and the magnitade of the changss of the selecied muscle per.
frmance, redon sas (bodh i plasma and in eyfwosyis), and hemolysis ndices mamared were similer berwaen the o grous
Concludon: The presest stody pdicses S GOPD-deficien indrviduals may partcpe & high-masity mosdl e-dama ging acuv-
B, withot @ negEive rpaxt on musck fimeton, Blood redon satun, and hemolysis. Key Words: FREE RADICALS, LIMD
PERONIDATION, HEMOLYSIS, MUSCLE DAMAGE



Comparison between Glucose-6-Phosphate Dehydrogenase—
Deficient and Normal Individuals after Eccentric Exercise

TABLE 1. Anthropometric characteristics and hematological parameters of control and
G6PD-deficient individuals (mean = SEM).

Control GGPD Deficient
Age (yr) 22.6 = 0.4 23.3:0.8
Height (cm) 176.8 = 1.9 1786 £ 2.4
Weight (kg) 75.7 £ 1.9 77123
Body fat (%) 154 0.8 16.1£1.5
Hematocrit (%) 452 = 0.9 415+ 1.1*
Hemoglobin (g-dL™") 153208 141 209"
G6PD activity (U-g Hb ™) 9.94 £ 1.03 0.62 = 0.12*

* Significantly different from the respective value in the control group.
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NANEMIZTHMIO OEZZANIAZ
TMHMA ENIZTHMHZ OYZIKHZ ATQrHZ KAl AOGAHTIZMOY
MMz «AZKHZH KAI YTEIA»

EINIAPAXH THX OZEIAX AXKHYHX KAI THX
EAAEIYHX TOY ENZYMOY G6PD XTOYX
2YT'XPONOYX ITAPATONTEX
KAPAIAITEIAKOY KINAYNOY

MeTantuylakn dtatpifn

4 4
MayxkoutnG NIKOAxoG
2009
Emiotnpovika umteuBuvoc: Ap TQapouptac ABavaolog
TplueANC OUUBOUAEUTIKNA ETLTPOTN: Ap TQopovptag ABavaotog

Ap Kpntikog ANEEavdpoc
Ap Kapatlagepn XpioTiva



Elcaywyn

» Kapdlayyelakd voonupota = 1" owtia Bavatou
otn Bopela Apepikn Kat otnv Evpwmnn
(WHO 2006)
» 2tic HMA 500.000 datopa meBoaivouv kaBe xpovo
Aoyw otedaviaioc vooou (ZN)

(Braunwald 2003)

»IN = cuyxpovn HACTLya QIOTOKOC CUYXPOVOU
TpoTou {wNnc & eAAelPnc aocknong

(Guidelines ESC 2006)



Kapdlayyelakol mapayovtec Klvduvou

» Mn TpomomnoLlioLuoL:
» TporomnotlnoLuot

X nAwia
X bUAo v oakxopwdnc StaBAtnc
X KAnpovopKoTnTa v KQmviopa

v SuocAuudapia

v doknon

v’ tayuoopKia

v apTNPLOKN  UTIEPTOON
KATT



EAewWpn G6PD

» Mo kown ev{upomnaBela

1 > 400 ekatouuvpia avSowrmot moykooulwc

»ENada =  3,2%
> @EGGOL)\'LOL 9 10% *1o uPnAoTEPO TTaVEAANVIWG

» KAnpovopeitat pe  tov  duAloouvdeTo
xopaktnpa



EAewpn G6PD & otedaviaila voooc

«EANeIPN G6PD emnpeadlel apvnTiKa TNV POUTIAPXOLO
HLOKOPALOKI) dLUOAEITOLPYIA, TNV OIAdIKACIA TNC AYYEIOYEVEDNC,

EVW ETIITAXVVEL TNV d1adIKaaio TNE aBnpoyeveong»
(Wilmanski et al., 2007)

‘EAAeIpn G6PD ‘EAAeIpn G6PD

b W

ueiwon NADPH LEIWPEVN NPOCTACIA
W HUOKUTTApWY ano
ueiwon NO RONS

b W

LEIWPEVN AYYEIOYEVEDN nuokapdiakn BAARN

(Leopold et al,, 2003) (Mohit et al.2003)



EAewpn G6PD & otedaviaila voooc

» Pierluigi Cocco et al., 1998:

«Ta atopa pye EAAeIPn tou evlvpov G6PD
£XOULV AlYOTEPOULC BavaToug aTIO N>

» Melloni et al., 2008:

«O avotumoc tnC EAAePne G6PD eivalt
ALYOTEPO ETIPPETINC OTNV EYPAVION
OTEQPAVINIOG VOOOL»



>Tedoaviaia voooc & aoknon




2 KOTTOC TNC EPEVVALC

1. Ot «kAaoowkol kapdlayyelokol  TTOPAYOVTEC
KwoUvou Oladepouv ota Atopa HE €AAeWPn
G6PD;

2. OL &v Aoyw PBloxynuikol Tmopayovtec eival
ovénuevolr otouc otedaviailouc acbBevelc oe
OXEON ME TOUC UYLELC;

3. H enibpaon tnc ofeloc aoknong ivol n Lo og
duoLoloyka atopa, o atopa pne eAewpn G6PD
& oe atopa maoyovia ano N xwpic €AAewn
ev(UOU;



N o U A N

Bloxnuikot deiktec kapdlayyeLlokou
Kvduvou

WBC

CRP

lvwdoyovo

OALKR} XoAnoTEPOAN
LDL yoAnotepOAn
HDL xoAnotepoAn
TpyAukepidla



[MAnBuopoc

Duaror oyl "ENayn GoPD

(F2) (1F8)

2TEpoMoioL
(1)

87,90 (*1522) 76,62 (+15,38)

85,72 (+13,88)

2908 (=36 2475 (+4.8)

28,89 (+4,40)

4895(+931) 4075 124)

38,18(x6,95)

IB1BETR) 171,12 ¢9,01)

17121 (744)



AnoteAeopata (1)

®vororoyikoi
(n=22)

‘EAlewyn G6PD

(n=38)

Yte@aviaiol
(n=11)

WBC

CRP

FIBR

CHOL

LDL

HDL

TG

METS

6540 (+ 1569)

0,46 (£ 0, 45)

276,6 (£ 68,33)

209,55 (+ 37,7)

127,59 (+ 39,85)
50,23 (= 12,73)
162,64 (+ 142,77)

12,54 (£ 1,8)

7023 (£ 1334)
0,32 (£0,41)
216,62 (£ 73,13)
181,5 (+ 35,21)
109,88(+ 31,55)
50,25 (£ 9,96)
106,38 (+ 65,75)

13,40 (£ 2,06)

6450 (+ 1241)
1,10 (+ 0, 80)
295,94 (£ 66,85)
172,18 (£ 25,02)
96,09 (£ 26,81)
48,36 (£ 9,14)
138,82 (+ 67,38)

11,95 (+ 1,73)




Yupmnepaopato (1)

Aev UTINPEE OTATLOTLKA oNUAVTLKA dtadopa
HETOEU LYLWV OTOUWV Ywplc EAewpn & o€
ekelvouc pe EAAewdn G6PD o’ O,TL adopd TouC

KO pOLAYYELOKOUC TIAPAYOVTEC KLVOUVOU



Yupmnepaopato (2)

YnAp&e oTATLOTIKA oNUAVTLKA Stadopd HETAED
LYLWV aTOpwWV & otedaviaiwv o’ o,tL adopa tnv

CRP. to tvwdoyovo, thv oAitkn & thv LDL

YOANOTEPOAN.




Yupnepaopata (3)

Me eéaipeon to wwwdoyovo, v poekuPe

OTOTLOTLKA oNUAVTLKA dtadopd otnv eMidpaon
TNC oéelac aoknonc otLc 3 utto peAeTn opadec o’
0,TL adopad Touc KapdlayyeLlakoUC TTAPAYOVTEC

KlvOUVOU



Kuplw¢ cupmepaoua

A€V TTPOKVUTITEL ELSIKOC
AO0YOC QMO@UYNC TNC
agpofrac aocknonc (&
16lwc Tov Badiopatoc)
Yl TQ XTOUO UE
eéAewpm G6PD




H entidpaon tng cupmAnpwpatiknc Anync NAC otnv
ofeldwavaywylkn kataotoon atopwyv pe EAewpn G6PD

* 600 mg NAC (Trebon)

* 2 EBSopadec

* ANYPn alpotoc otnv npepio PV Kol LETA TN
oUUTANPpWHATIKA ANYN

* GSH, GSSG, GSH/GSSG

* TBARS

* Bilirubin

e Uric Acid



Apaotikotnta G6PD (U/g Hb)




GSH (umol/g Hb) GSSG (umol/g Hb)

5 0,6 -

0,5

0,4

mN
B G6PD

EN 0,3 -
B G6PD

0,2 -

0.1 -

O_

GSH/GSSG

18

16

14

12

10

EN
~ mG6PD

L= A - -




TBARS (mM)

16
14 I _ .
12
10
8 - BN
6 | mG6PD
4 -
2
0 [
Pre Post




Bilirubin (mg/dl)

GGGGG




Uric Acid (mg/dl)

GGGGG




[ewpyakoLAN MNomn

e JUYKPLON TNC QVTLOEELOWTLKNC LKAVOTNTOC
ATOUWV pE EAAeLPn evlupou G6PD peta tn
ANYn AutoikoU o€€oc Kol EVOC TTPOLOVTOC
A0V OOV O€ TIPWTELVN TUPOYAAOKTOC
(Feedback)



