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Baoixoi opor tng O&edoavaywyikng Biodoyiog

OZEIAQYH ANATQT'H
* [IpooOnkn O&uyovou » Anocmaon o&uyovou

C+02—CO2 /Zn0O + C—Zn + CO

* Anocmnaon Ydpoyovou * [IpooO1xn Ydpoyovou

4HCl + O2 — 2(Cl2 + 2H20 I2 + H2 — 2HI

» Antoonoon HAsktpoviwy (e7) » [IpoaOixn HAsktpoviwv (e)
/Zn — 7n** + 2e° O2+e — 02~
» AvEnomn tov AplOpov O&eidwong » Meiworn tov AptOpov O&eidwornc

Otsboavaywyn, Ofsidoavaywykn BioAoyia (Redox Biology)

Mia avtibpaon ofsibwong akolouBeitol mavia ano pia aviidpacn avaywync Kot To
avtiBeto. O opog ofstboavaywyn xapaktnpilst avtn tThv aAAnlouyia avrtidpaocswyv. H
Ofsdoavaywylkn BioAoyla sival o kAadoc tng Blohoyiag mou peAstast To BLOXNHLKO
uTtoRaBpo TwY avVTIOpATEWY QUTWY KoL TO POAO TOUC OTO BLOAOYLKA CUOTAHOTA KOBwC
xapakTtneilouv eva oAU sUupU dacpa BLoXnNHIKWY SLEpYACLWV TOU KUTTAPOU.

BeokoUkng A. H Bswpia twv eAevBepwv pill{wv otnyv toikoloyio kot o pdAog tn¢ Statpodiic. KepdAouo oto
BiAio: To&ikoAoyia aTov cUyxpovo kOopo. Apylouvtdktng: Aploteidng Toatodkng, Exdoceig Néov, 2022



Baoixoi opor tng O&edoavaywyikng Biodoyiog

EAev0epecg pileg (Free radicals): Atopa, pdpia 1} 1OvIa, pe éva 1) TepLocoTepL

oV{EVKTA NAEKTPOVIX TNV €€wTePIKT) oTIPAdx Kat e duvaTdTnTa CUTOSUVAUN G UTTapENG

HEALTHY FREE
ATOMS RADICALS

O&sdbwtikoc mapayovrac i Otsdbwriko (Oxidative agent or Oxidant)
ATopo, HoOplo N LoV Tou ofslbwvetl €va GANO ATOHO N HOPLO QUECAH OTOCTIWVTAC
NAsKTpOVLIa ) uSpoyovo ) mMpooBETovTac ofuyovo.

Npooteldbwtikoc mapayovrac i Npoofetdwtiko (Prooxidant agent or Prooxidant)
ATOLO, MOPLO N OV TOU MECW XNUWKWV avtidpdoswyv odnyel otn Snpioupyla svoc
ofslSwTikoU, To omoio umopsel va ofsldwost AUECH ATOMA 1 HOPLA QITOCTIWVTC
nAEKTpoOVLIa ) udpoyovo 1 mpoaBetovtac ofuyovo.

Avaywyikoc tapayovtac i Avaywyiko (Reducing agent or Reductant)
ATopO, HOpPLO N LOV TTOU avaysl eva aAAo aTtopo n poplo mpooBeTovtac nAskTpovia n
uSpoyovo 1 AMOCTIWVTAC 0EUYOVO,

Beokovkng A. H Bewpia twv eAeubBépwv pilicdv otnv todikoroyia kot 0 poAog tng Siarpodrig. KeddAouo oto,
BiPAio: To&ikoAoyia atov cUyxpovo kOcpo. Apylouvtaktng: Aploteidng Toatodkng, Ekddoeic Néov, 2021



Baoixoi opor tng O&edoavaywyikng Biodoyiog

o OL gAevBepeg pllec eivat aoctabeic Oopec, kKaBwe n mMapoucic ACUIEUKTWV
NAEKTpOVIWY TIC 08nYyEL OTNV AnMoomacn NAEKTPOVIWY amo To (HAKPO)UOPLo HE TN
LEYAAUTEPN EYYUTNTA O QUTEC Xwplc TN Stadikaoia emAoync. Zav amoTEAEOHA, Ot
geheUBepec pilec avayovtal Kal MpokaAouv ofsidwaon Twv popiwyv, amo ta omnola
QMOOMOUV NAEKTpOVLA

o H avtiAnyn mou EMKPATOUCE OTNV EMLOTNHOVIKA KOWOTNTA MEXPL TPLY TTtepimou Suo
deKkaeTiec NTav OTL oL eAsuBepec pilec eivatl amokAstoTika emiPAapeic Brohoyikec
OVTOTNTEC Yla TO KUTTAPO KOL KAT' EMEKTAON VLA EVAV 0PYaVLIONO. H avtiAnyin, opwe,
autn €xeL aAAafsl KabBwe onUepa Elval YVWOTO OTL UMIAKOUOUV OTO GOLVOUEVO TNG
oppnonc. Zupdwva pHe auto, o UPNAEC N XAUNAEC CUYKEVTPWOELC elvat emiPAafelc
VIO TO KUTTOPO, v O pia BEATIOTN CUVKEVIpwWON sival omapaltntee StoTt
CUMUETEXOUV Ot BepsAwwdelc kuttapilkec dlepyaocisc, onmwe n ofsidoavaywylkn
onuatodotnon (redox signaling), n ekdpaocn yovidlwy kat i Bavatwon nadoyovwy
LLLKPOOPY VLG LWV,

BeokovUkng A. H Bswpia twv eAevBepwv pill{wv otnyv toikoloyio kot o pdAog tn¢ Statpodic. KepdAouo oto
BiPAio: To&ikoAoyia atov cUyxpovo kOcpo. Apylouvtaktng: Aploteidng Toatodkng, Ekddoeic Néov, 2021



Baoixoi opor tng O&edoavaywyikng Biodoyiog

ApaoTikec popdec ofuyovou (Reactive oxygen species, ROS)

Evoc CUAAOYLKOC OpOC ToU Teplypadel ATOMA, HOPpLO [ LOVTA, T ONolo MPOKUTITOUV

QIO TO 0EUYOVO KAl sival o SpaoTika amo auto (Ewova 1).

o Ot OpaocTtikec popdec ocuyxva tauTtilovtatr AavBaopeva pe TIC sAsuBepec pllsc,
WOoTooo OTIc ROS avAkouv TOOO sAsuBepsc pilec 600 Kat pun pilec. Olsc ot
eAeUBepec pilec eival OpaOTIKEC HOpdEC, O CUVETAVETAL OMHWCE, OTL OAEC OL
SpaoTiKeC popdec sival sAsUBepec pileg (m.x. To unmepoleidio Tou udpoyovou, H,0,,
elval pla ROS aAAa dev sivatl shevBepn plla). Ektoc amo tic ROS, umapyouv Kot ot
ALYOTEPO HEAETNLLEVEC OpaOoTIKEC pHopdec alwTou (reactive nitrogen species, RNS),
SpaoTtikec popdec xYAwplou (reactive chlorine species, RCS) kat SpacTikec popdEeC
Betou (reactive sulphur species, RSS).

Beokovkng A. H Bewpia twv eAeubBépwv piicdv otnv todikoroyia kot 0 poAog tng Siarpodrig. KeddAouo oto.
BiPAio: To&ikoAoyia atov cUyxpovo kOcpo. Apylouvtaktng: Aploteidng Toatodkng, Ekddoeic Néov, 2021



O1dpaotikeg popdeg kKot oL eAeV0epe¢ pideg €xouv SiTTO pOAO

ot BroAoyia Tov KuTTAPOU

2g Ull)l‘])\éC'GUYKEV‘Epd)O'SlC

L IMpooPdArovv ta Bropdpia (DNA, mpwteiveg, Amidio) kot Tpomomolovv Tig puCLoAOYIKEG
Agroupyieg Toug

O AntoteAovv Baoikd poplakd cUPTTWHX TOAAWY aoBeVELDY Kol IAAWV KATAOTATEWV
(kapkivog, Staffritng, veupoekPUALoTIKEG VOGOL, YI)POVOT), XOKNOLOYEVESG OEEISWTIKO OTPEC)

Towtoypova Opwg

Y€ [YOUNA£C|CUYKEVTPWOELC

d INpodyouv tnv xutTapikn onpatoddtnon
U IMpookadolv prioLeS TPOCAUPHOYES LETE aTO emavaAapBavopevn €kBeon o€ auTEg

Ag yvwpilov}le TOLEC CUYKEVTPWOELS BEWPOUVTAL YXUNAEG
KO TTOLEC UVPTAEC




Apaoctikegc Mopdec O&uyovou ko Alwtovu

WG TPOIOVTH AVIYWYT|C TOU 0EUYOVOU

, doéeidio
mepoguvitpitng Tov al{wTov
ONOO- NO,
A NO* A NO.
pHovogeidio VITPWAEG
o al{wTov aVIOV
e e + 2H* e + H* e + H*

O, > O, > H,O, > HO > H,O
LLOPLOKO pilo Ymepoéeidio pilo vepé
oéuyovo ocoumepoéeldiov TOU UdpPOYOVOU udpo&uAiou

umEPLWANG H+ Cl-
aKTIVOPOoAL

A 4 \ 4 A 4

‘0, HO, HOCI
LLOVI)PEC Pix UTTOYAWPLWOEC

oéuyovo nepoidpouriouv o&v



O xupLotepeg Spactikeg popdhec oSuyovou

Apaotikég Mopdég O§uyovou , Xpovog ,
. . ZUpBoAO ., XopaKTneLoTIKA
(Reactive Oxygen Species, ROS) nuwng
Pila Y&pofuAiou (Hydroxyl Radical) OH’ 107 s E€alpetika Spaotikn pila
Alay€etal SLOpECOU TWV PEUBpavwy
Movnpecg Ofuyovo (Singlet Oxygen) '0, 10°s loxupo o€eldwTLKO
Mapayetal oG BLOAOYIKEC AVTLOPATELG
Pila Zounepotelbiou (Superoxide Radical) 0, 10°s Mn Loxupo ofeldwTLkO
Mapayetal ota prtoxovédpla
PiCa AAkouAiou (Alkoxyl Radical) RO’ 10°s loxupo ofeldwTiko
Mapayetal kata tnv ofeldwaon Autdiwv
PiCa Nepofuliou (Peroxyl Radical) ROO’ 107 s Mn Loxupo ofeldWTLKO
Mapayetal kata tnv ofeldwaon Autdiwv
OCov (Ozone) O, s Bploketal otnv atpoodatpa
MNapayet 'o,
Yrniepoeiblo tou Y6poyovou (Hydrogen Peroxide) H,0, min YtaBepn ROS, ZnuatodoTiko popLo
08nyel otnv mapaywyn OH’
Yépolmepoteidio (Hydroperoxide) ROOH JtaBepd  Avtidpd pe PETAAAQ

Kol Ttapayel eAeVBepeg pileg




O xupLotepeg Spactikeg popdh£g a{wTov KoL YAwpiov

Apaotikég Mopdég Alwtou , Xpovog ,
. . . ZUpBoAo ., XopOoKTNPLoTIKA
(Reactive Nitrogen Species, RNS) nuwng
Mepofuvitpitng (Peroxynitrite) ONOO 107 s loxupo o&elbwTIkO
NeupobiaBiBaotic
Movoéeidlo tou Alwtou (Nitric Oxide) NO’ s INUATodoTikd Hoplo
Mapayel eAeVBOepeg pileg
Awoeidlo tou Alwtou (Nitric Dioxide) NO, s Mapdyetat otnv atpocdalpa
Nepofuvitpwdec OLL (Peroxynitrous Acid) ONOOH >tabepd  Mapdyetat ano tov ONOO
Apaotikéc MopdEc XAwpiov , Xpovog ,
. . . ZUpBoAo ., XopaKTnpLoTKa
(Reactive Chlorine Species, RCS) NwNG
YrioxAwplwdeg OEL (Hypochlorous Acid) HCIO min loxupo o€eldwWTIKO
] Mapayetal otn GAEYHUOVT
YroxAwplwdeg Aviov (Hypochlorite Anion) OCl Yt0Bepo Pay N GAeypovn

Mapayetal otn GAeypovA




Evdoxuttdpieg mnyec eAev0épwv prlwv

Evkoapuwtiko kvttopo

Mitox6vopia
- MLKPOM&,O( Adp0 evdomAaopatiko
Avocoowpata | Sixtuo
YrnepoéelSloowpara |- N
Kevtplodix '” [Muprvog

- [Mupnvikoi
TOpoL
[MAoopatikn
Kuttapomiaopa HepPpavn
[Tupnviokog
M Anvi
(KpOOWANViokoL * Mupride
. ddkeAog
ZopmAsypa 7 ‘
Golgi Z Xpwpativn

N 4

\ % AN
¥l A8pé evlomAaopatikd
' Aixtvo
Asio
evdomAaopatikd PiBocdkpara
dixtvo
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EEwkuttapleg mny<g eAcvOepwv pLi{wv

Padleveépyela Y

: ﬂ ; Kanviopa

AktwvoBoAia UV

s (gl
BTy

Atpoodalpikn
puTtavon

DOAeypovn

Chen etal 2001, DiMascio =t al. 1989, Pool-Zobel et 3l 1997, Porrini et 3l. 2000, Rehman et al. 1999
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Baoixoi opor tng O&edoavaywyikng Biodoyiog

Avtio&eldwtikd: Evwoelg, mov fpiokovtal o€ YAUNAT) GUYKEVTPWOT] CUYKPITIKA LIE TO

VOO TPpW A Toug (Propdpla) kot kaBuoTePoUV 1] VAOTEAAOUY

TNV 0¢eldwom TOU CUYKEKPLLEVOU UTTOCTPWHATOC

@D
&> (&>
> @
SES
CRCo
&> (&>
S @>

e—

Avtioéeldwtikod EAe00¢epec pilec



Ta avtio€eldwtixd hpaiveron 0TL €(ouv KL T SITTO pOAO

ot BroAoyia Tov KuTTApPOU

Y€ XU AEG OUYKEVTPWOELG

0 Metatpémouv TG Spaotikég popdég ae akivduveg Sopeg (évlupa)

0 Aeopetovv pétarra (Fe, Cu), amotpémovrag tn Snpovpyia eAsuBépwv pilwv (depprrivn,
oEPOVAOTANGLIVN)

0 Aéyovtou nAektpdvia kou Buotadovrou (Breapiveg E kou C)

0 EmSpouv pe t1g Spaotikeég HophEC HECW XVOADCIHWY UTTOCTPWHATWY (YAouTaBelovn)

Y& UYNAEC CUYKEVTPWOELC

O BAdattouv yprioipa popia eAAeidel twv ouvnBwv o&eldwpevwy popiwv
0 'Exovv emiBAafr) Spdon og aobéveieg (kapkivog) kot otn SNHIOUPYIX AOKTOLOYEVWDV
TPOGUPHOYWV

13



O&eld0WTIKO 6TPEC — OPLOUOC TOU 1985

H diatapoyny tne

LOOPPOTIOG

HETHEV TPOOLEIdWTIKWV

KL QVTIOEEIOWTIKWY UTIEP TWV TTPWTWV

Elev0epec pilec

O&e1dmT1KO GTPEC

Avtio&edmotikol
unyovicpot

v" EvkoAn n pétpnon apketwv oeiSoavaywykwv Brodeiktwv (0€etdwtikov oTtpeq)

OXIDATIVE
STRESS

Edited by
HELMUT SIES

[Twg opiletar ovtn 1) L0OppOTTICL;

v AUGKOAO VX TteL KOVEIG oy 1) LooppoTtia StatapdyOnke 14




O&e10WTIKO 6TPEC — OPLOUOC TOU 2006

H diotapoyn tne oéetldoovaywyikng onpatodotnong

ANTIOXIDANTS & REDOX SIGNALING
Volume 8, Numbers 9 & 10, 2006
© Mary Ann Liebert, Inc.

Forum Review

Redefining Oxidative Stress

DEAN P. JONES

ABSTRACT

Oxidative stress is often defined as an imbalance of pro-oxidants and antioxidants, which can be quantified in
humans as the redox state of plasma GSH/GSSG. Plasma GSH redox in humans becomes oxidized with age, in
response to oxidative stress (chemotherapy, smoking), and in common diseases (type 2 diabetes, cardiovascu-
lar disease). However, data also show that redox of plasma GSH/GSSG is not equilibrated with the larger
plasma cysteine/cystine ( Cys/CySS) pool, indicating that the *balance™ of pro-oxidants and antioxidants can-
not be defined by a single entity. The major cellular thiol/disulfide systems, including GSH/GSSG, thiore-
doxin-1 (-SH,/-88-), and Cys/CySS, are not in redox equilibrium and respond differently to chemical toxi-
cants and physiologic stimuli. Individual signaling and control events occur through discrete redox pathways
rather than through mechanisms that are directly responsive to a global thiol/disulfide balance such as that
conceptualized in the common definition of oxidative stress. Thus, from a mechanistic standpoint, oxidative
stress may be better defined as a disruption of redox signaling and control. Adoption of such a definition could
redirect research to identify key perturbations of redox signaling and control and lead to new treatments for
oxidative stress-related disease processes. Antiovid. Redox Sional. 8. 1865-1879.

15



Evdoyevn avtioe1idwtikd

IMNovtaOelovn (Glutathione)

NH> e
o o oo HDYK/\H,N\)LN/\H,DH
N o __z H0
-0 N ( o |
* S
*NH, H 0 0 0 \' y ¢
1—7\ r ’ ofe r _,u.-'a._.’, N\J'L
ovtopviké 00 Kuotetvp  TAukivn HO™ " H/\n/ OH
NH s,

Avnypévn popdn tng yroutabeidvng (GSH)
O&edwpévn popdn ¢ yroutabeiovng (GSSG)

v Adpoavomolei eAeVBepeg pileg
v' Aocenpei tig Brrapiveg C ko E oty evepyr), oviypévn popdrj toug
v' AmopokpUvel ta EevoPlotikd



Yrrepoleiddon tng M'ovtabeiovng (Glutathione Peroxidase, GPx)

GPx
H,O, + 2GSH —> 2H,0 + GSSG

* Alxomdel to vrtepoéeidio tov vdpoydvou (H,0,) pe tavtdypovn

oéeidwon ¢ GSH oe GSSG

U Evromiletou ota umepoeldloowpaTo Kot TO KUTTAPOTAXGHK TwV EpUOPOKUTTAPWY

Avaywydon ¢ M'ovtaBeiovn¢ (Glutathione Reductase, GR)

GR
GSSG + NADPH + H¥ —> 2GSH + NADP+

* AvaxvkAwvet tnv GSH ot tyv GSSG

,“,/

v .
/N
; Glutath;A [ &

0 Xpnowpomnotei to NADPH,
TO OTHOVTIKOTEPO AVXYWYIKO LOPLO TOU KUTTEPOU

17



To avtio&eldwtiko dixtvo GSH-NADPH

NR
NR kinase
\ NamPRT
NMN 20 Nam
NMNAT
NAD* NADH
NAD* kinase
NADP* ¢, - * NO'

/ l"'.l :m Prxnverox 02
saii \_ L-arginine Srx ‘ H,0, \SOD
|
| TR, < ST, | > Prx, < H0,

| | CAT, GST
> GR,, GSSG «- > GPxy
Ii

GR,, < » GSH — - GPx,«~ “»H0+0,
NADPH / NADPH oxidase

Veskoukis et al. Spectrophotometric assays for measuring redox biomarkers in blood and tissues: the NADPH network.
Redox Rep. 23(1):47-56, 2018.




Avtio&eldwtikd rov Aapavovron pe tn drerpodn

Brropivn C (AokopBiko olv)

0 YoatodioAutd avtio€eldwtikd

U Bpioketou ot eomepldoeidi), TX TPAGIVO AXXOVIKA, TIC TTHTATES, TIG VIOUATEG

Apaotikr) eAevBepn pilo

OH /
HO O _o HO
+ R* ———»
e OH

AoxopPiko o0& Aoxopfikn pilo

Adpavnic eAevBepn pila

v ASpoavomolei Tig eAeV0gpeg pileg ToU TopdyovTat KATd TO HETKBOAIGHO Kot TNV
aTo1KoSO N o™ TWV EEVOPLOTIKWV
v Topepmodilel To oXNUATIONO KAPKIVOYOVWY EVIOTEWY ot TA TPOSPOUX HOPLA TOUG
v' Avayevvd tn Breopivn E
v Tapdyet koAAaydvo
19



Brropivn E (a-tokopepoin)

0 AutodioAuto avtioéeldwtiko

QO Bpioketou oto Ydpia, to pmpdxoAo, To apiydoda, Toe pouvtouKia

H
HO

0-_-° CHCH,OH

LOO 0” 'R =3

7

LO" 0o g

a-Tok0ohEPOAN AcxopPikn pD

—>  Adpaveig
eAev0epec pileg

H

CHCH,OF
LOOH
LOH

0

HO
" AokopBiko o0&y

Pia o-toxodepOANG

Valko M et al. Mol Cell Biochem. 266(1-2):37-56, 2004.

v Tapepmodilel tnv vepoleidwon twv pepfpoavav
v" Evioy¥el to avooomomtikd oot Kot adpovoTolel KAPKIVOYOVEG OUGIEQ

20



IMoAvdouvoreg

U IMpoidvta tov petafoAlopol twv dutwv

0 Y& autég odeiretan To PWTEVO YPWHA TWV PPOUTWVY KAL TWV AX(XVIKWV

U AmoteAoUv unyaviooUg ovTioTaon G TWV GUTWV ATEVAVTL GTNV UTEPLWOT) AKTIVOBOoAI, TIg
mepIBAAAOVTIKEG TTIETELG KA TNV TPOGSPOAT) artd maBoyova

OH

A six member carbon ring
+

at least one of these
H/a phenolic compound

Tpoda mAovoia o ToAVDoUVOAES

v Taodu

v Kadeg

v Kokdo

v EAaudrado

v ®povta (PnAo, kepdot, axtividlo, bpdovAeg, otadAix kat aitepa 1) AoV Toug, pddi)
v Kpawoi, i8iaitepa to kOkKIvo kpooi

v To poidvVTH OAIKTIG 0A£0EWG OTTWG TA SNUNTPLOKE, 1) Bpwpn, To pUlL

v Tot AoooviKd OTtw G TO KOKKIVO KPEUMUSL, TO KOKKIVO Adavo, TO HItpOKOAO



Sensu stricto oplopd¢ TwV Prodeiktwy oe1doavaywyr)g
(redox biomarkers)

Mix Brodoyikr) ovrdtnta mov pmopei v petpnOei pe axpifeto kot emovoaAnPipotnra

KoL 1) oTtolo pmopel v etvat:

i) eva aovt1o€eldwTikO PAPLo TOu 0TOIOV 1) CUYKEVTPWOT), 1) SPACTIKOTNTX Kot/1) 1) SopT)
peTafIAAeTOU HETA 0TS TNV AAANAETISPAOT] TOU HE TIG SPAOTIKES POPPEQ,

ii) T Tpoidvra g emiPAafoig Spdong Twv SpacTik®y popdwv ota Blopopiy,

iii) o1 Spaotikég popdéc per se.

COTOX147_proof m 9 October 2018 m 1/11

Available online at www.sciencedirect.com Current Opinion in
ScienceDirect Toxicology

A battery of translational biomarkers for the
assessment of the in vitro and in vivo antioxidant
action of plant polyphenolic compounds: The
biomarker issue

Aristidis S. Veskoukis, Efthalia Kerasioti, Alexandros Priftis,
Paraskevi Kouka, Ypatios Spanidis, Sotiria Makri and
Dimitrios Kouretas

|y

ELSEVIER
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[Mpémel vo HETPAE CUYKEKPLUEVOUC PLOSEIKTES
O€ CUYKEKPIHEVH GUCTI|HOT

The trajectory for holistically evaluating
the antioxidant function of a plant-derived compound

Level 1 Level 2 Level 3
first line in vivo-like model, mechanistic and
of screening a link to in vivo physiological answers
in vitro cell cultures [ in vivo ]

—

The contribution of redox biomarkers to the holistic characterization of a plant-derived compound in terms of antioxidant action.

Veskoukis et al. A battery of translational biomarkers for the assessment of the in vitro and in vivo antioxidant action of plant

polyphenolic compounds: The biomarker issue Curr Opin Toxicol. 13:99-109, 2019. 23



H praropio twv Brodeiktwv oto S1ddopa cUGTIHATA

OXIDATIVE DAMAGE
(G55G, G5H/GS5G, protein carbonyls, TBARS, MDA, albumin dimmers, cysteine/cystine)

in vivo

ANTIOXIDANT CAPACITY
[GSH, H,0, decomposition (CAT, Prx, GPx}, SOD, GR, GST, NADPH oxidase, NAD" kinase, Trx, TrxR,
NO* synthase, X0, albumin, TAC, O,*, OH*, expression of antioxidant enzymes and genes]

plasma, erythrocytes, tissues

REDUCING POTENTIAL OXIDATIVE POTENTIAL
(NADPH, NADH, GEPD, sORP, cORP) (NO®, H,0,)
) TOXICITY
cell lines (assessment of cell viability with XTT assay)

myotubes and endothelial,

: X ANTIOXIDANT CAPACITY
liver and cervical cancer

(redox biomarkers, expression of antioxidant enzymes and genes)

/- ANTIRADICAL AND REDUCING CAPACITY \
(DPPH®, ABTS™', 0, OH", reducing power)

PROTECTION AGAINST FREE RADICAL-INDUCED

in vitro DAMAGE OF DNA
plasmid and bacterial DNA, {OH*, RDO")

commercial and natural
free radicals

ANTIMUTAGENIC AND ANTICARCINOGENIC ACTIVITY

\ (Ames test, SCEs, Topo | and 11) _/

The proposed battery of translational biomarkers for the characterization of a plant-derived compound in vitro, in cell culture environment and in vivo as
well, in order to holistically reveal its biological action. GSSG: oxidized form of glutathione, GSH: reduced form of glutathione, TBARS: thiobarbituric acid
reaclive substances, MDA: malonyldialdehyde, CAT: catalase, Prx: peroxiredoxins, SOD: superoxide dismutase, GPx: glutathione peroxidase, GR:
glutathione reductase, GST: glutathione S-transferase, NADPH: nicotinamide adenine dinucleotide phosphate reduced, NAD™: nicotinamide adenine
dinucleotide oxidized, Trx: thioredoxin, TrxR: thioredoxin reductase, XO: xanthine oxidase, TAC: lotal antioxidant capacity, NADH: nicotinamide adenine
dinucleotide reduced, G6PD: glucose 6-phosphate dehydrogenase, sORP: static oxidation-reduction potential, cORP: capacity oxidation-reduction po-
tential, XTT: (2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide), DPPH': 2,2-diphenyl-1-picrylhydrazyl radical, ABTS™: 2,2"-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) radical, SCEs: sister chromatid exchanges, Topo | and |l: topoisomerases | and |l.

Veskoukis et al. A battery of translational biomarkers for the assessment of the in vitro and in vivo antioxidant action of plant
polyphenolic compounds: The biomarker issue Curr Opin Toxicol. 13:99-109, 2019.

24



Ot Baowkoi rapayovteg mov puOpilouvv Tov avt-0&e1dWTIKO
1] TPO-0&EIdWTIKO POAO TWV CUCTATIKWYV TI|G Statpodri¢

1. Oppnon
Av n d6om eivou vPnAT, N Tapaywyn eAevBépwv prlwv mbovotata Bu eivar e€icov vPnAn

2. XpOVIKO OTHELO YOpTYTIONG
Av éva Slatpodiko avtioéeldwtikd xopnyndel petd amo tnv epdavion o&eldwTIKoU oTPEC,
mBavotata O TpokaAéael TPO-0EeIBWTIKT) KTOKPLOT

3- Mopdn xoprynong
‘Eva putd 1) ppolto exel mepiocodtepeg mBavotnteg vo epdovioel avtio€eldwtikr) Spdor) ov
KotovadwBei w¢ pépog ¢ dtatpodnic mapd orv xopnynOei €éva LEPOVWHEVO GUGTATIKO TOU

4. MetofoAtopdc/Brodiadecipotnta

O petaPoAiopdg dixdopomolei tnyv in vivo omd TNV in vitro 8pdon evog Slatpodikov
aVTIOEEIOWTIKOU

25



1. Oppnon
Av n 86om eivou vPnAT, N Tapaywyn erevBépwv prlwv mboavdtata Ou eivat
g&ioov vPnAn

A

T

Response

T

Response

Dose —»

Fig. 1. (A) The most common form of the hormetic dose—response curve
depicting low-dose stimulatory and high-dose mhibitory responses, the -
or inverted U-shaped curve. Endpoints displaying this curve include
growth, fecundity, and longevity. (B) The hormetic dose—response curve
depicting low-dose reduction and high-dose enhancement of adverse
effects. Endpoints displaying this curve include carcinogenesis, mutagen-
esis, and disease incidence.
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2. XpOVIKO GT|HELO YOPNYT|OTG
Av eva dlatpodikd avtiogeldwtikd xopnynOei petd ommd tnyv epdavion oéeldwtikov oTpeg,
mavotata o mpokaAéael TPo-0&eIBWTIKT) ATOKPLOT

Ye mepidArov o€eldwtikol aTpeg o TpLabeviig Gidnpog avayeTout
/7 oto avTIOEEISWTIKG Ko Tapdryet Thv iaitepa Spaotikny pido vdpo&uliov

Fe*+0,*- —> Fe*+0,

Fe?*t+ H,0, —> Fe*+0OH +|°0OH AvtiSpaon Fenton

0, +H,0, —> 0,+OH+°OH Avtidpaorn Haber-Weiss

0 To dutoxnpikd cvotatikd twv tpodwv (ToAudbavoreg) pmopei va avaoteidovy tnv
TPOCAPLOYT) TOU OPYOVIGHOU OTO OEEIBWTIKO OTPEC KAl VX OST)YI)OOUV OTNV TTEPAUTEPW

TOPOywYT) EAEVOEPWV pL{WV
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3- Mopdn xoprynong
'Eva putd 1) ppolto exel mepiocdtepeg mBavotnteg vo epdorvioet avtioéeldwtikr Spdor ov

KotovodwBel w¢ pépog TS dtatpodnic mapd orv xopnynOei éva LEPOVWHEVO GUOTATIKO TOU

O "Exel Bpebei 6t1n mAovoia e ppolta kot Acyorvikd dtxtpodiy pewwvel Ty o&eidwon tov DNA.

O Avutd dev 1oyvel 6tay YoprynBouv avtioeldwtikd omw Prrapivn C, B-kapotévio kou Brropivn E

Author

Padayatty et al.
Schwartz
Herbert

Carr and Frei
Retsky et al.
Carr and Frei
Azmi et al.
Naidu

Nishida et al.

Lee et al.

Name of journal

Journal of American
College of Nutrition
Journal of Nutrition

Journal of Nutrition
FASEB journal

Journal of Biological
Chemistry
American Journal of
Nutrition

F1000 Research

Nutrition Journal

Journal of
Periodontology

The American Journal
of Clinical Nutrition

Year

2003

1996

1996

1999

1993

1999

2013

2003

2000

2003

Country

Maryland,
USA

Bathesda
MD, USA

New York,

USA
Oregon,
USA
Boston,
USA
USA

Detroit,
USA
Mysore,
India

New York,

USA
USA

Conclusion Inference
Antioxidant Pro-oxidant In the oral environment
Strong-in vitro High plasma Pro-oxidant in pathologic
concentration condition

Strong-in vivo
Moderate-in vivo
Strong-in vitro
Strong-in vivo, in vivo
Strong-in vivo, in vitro
Strong-glutathione
dependent

Strong under
physiologic conditions

Nonsmokers

Strong-antioxidant
in vivo

Chemoprevention-inhibits
growth of malignant cells
Iron induced Fenton
chemistry

Iron induced Fenton
reaction. In vitro

Copper induced
oxidation

Iron induced Fenton
reaction

Copper induced
oxidative damage

Iron overload conditions

Smokers

Iron overload
(Fenton chemistry)

Antioxidant in physiologic
condition

Pro-oxidant in pathologic

condition

Pro-oxidant in pathologic

condition

Antioxidant in physiologic
condition

Antioxidant in physiologic
condition

Paradoxical pro-oxidant in
the pathological condition
Antioxidant in physiologic
condition

Antioxidant in physiologic
condition

Antioxidant in physiologic
condition

H mpo-oéeidwtikny kou avti-o&€eidwtikn dpdon ¢ Prroapivng C.

Chakraborthy A. Indian ] Dent Res. 25(4):499-504, 2014.

= Antioxidant - 65%
® Prooxidant - 35%
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4. MetooAlopog/Brodiadecipotnta . .
O petaPoriopdg Siapopomorei tnﬂﬂ‘?i‘?gﬁhé%l?ﬁ(?iﬂb Bh¥On evi¢ Siatpodiko
avTIoEEIdWTIKOV o _

AvTi0&e10WTIKO In Vitro

ExyviAiopa otodpuiiov

Avtio&eldwtika in vitro — [Ipoo&eldwTiko in vivo
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'Exouv o1 Brodeikteg 0&e1d0ovaywyng KAVIKT onpocio;

Food and Chemical Toxicology 138 (2020) 111206

< . . . .S Food and
Contents lists available at ScienceDirect Chemical
Toxicology

Food and Chemical Toxicology

journal homepage: www.elsevier.com/locate/foodchemtox ——
Review
Approaching reactive species in the frame of their clinical significance: A "
toxicological appraisal e’

Aristidis S. Veskoukis™"*, Aristidis Tsatsakis”, Demetrios Kouretas™"

* Department of Biochemistry and Biotechnology, University of Thessaly, Viopolis, Mezourlo, 41500, Larissa, Greece
" Department of Toxicology, Medical School of University of Crete, Iraklion, Greece
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'Exovuv ot Blodeikteq 0&e1600vaywyn¢ KAVIKT GT)HOGI;

Disease
(Effect)
?
Reactive Reactive
species species
(Sufficient cause) (Outcome)

The theory of causes

(Kenneth Rothman, 1976)

Fig. 1. The absence of causality between reactive species and disease. A
cause-effect relation between reactive species and chronic disease presupposes
that reactive species are the sufficient cause of the effect (i.e., disease), as de-
fined by Kenneth Rothman in 1976. However, this is not established yet.
Reactive species are the outcome of numerous pathologies, though.
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'Exouv o1 Brodeikteg 0&e1d0ovaywyng KAVIKT onpocio;

/.-/// & > \-\
/ Nodirect
I/ connection

P = diseases e
/" Oxidative /" Difficult to
(/ alterations /' measure

are not | " due to their

necessarily ) short half
detrimental Reactive lives
species:
Seemingly,

| no clinical \
£ Raackive significance N
/"/ species [ Interplay

f‘c))IIow ' with energy

metabolism

hormesis =

/ Exert
{ beneficial
biological
action

Fig. 3. Six arguments, as analyzed in the present study, why reactive species
(defined as redox biomarkers) do not seem to exert clinical significance on the

basis of the currently available knowledge. 32



'Exovuv ot Blodeikteq 0&e1600vaywyn¢ KAVIKT GT)HOGI;

Albumin Uric acid
(Liver failure) (Gout)

Redox
biomarkers
that exert
clinical
significance

Fig. 4. Three examples of redox biomarkers (i.e., albumin, vitamin C and uric
acid) that exert clinical significance and the pathologies mainly caused by their
deficiency.
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Aoxipaciocc DPPH’

E€etaletou n) ikoevoTnTor pioeg SUVITIKG avTIOEEIOWTIKTC OUGTNG VA adpavoTIoLEl
v eAevBepn pila DPPH" (1,1-Diphenyl-2-picrylhydrazyl)

Kde ovoia pe avtioleidwtikr) dpdon avayel tn piloe DPPH" kou oxnuotileton to mpoiov
DPPH-H (1,1-Diphenyl-2-picrylhydrazine). H pila artoppodd ot 517 nm.

v Mia avtio€eidwtikn ovoia gpdavilel pikpotepn amoppodnon oe oxéon pe tn pido.

N @ NO, N @ NO,
O,N O,N

Piae DPPH" DPPH-H

Avtioéeldwtikd¢ mopdyovtag




AOKIpoGio OvOywyIKT|C Lo VOC
(Reducing power assay)

KdOBe ovoix pe avtioeldwtikny Opaon ovtidpd He TO OONPLIKUAVIOUXO KAEALO
(C¢NgFe3*K,) kau oxnuarifet to oidnpokvaviovyo kéio (C{NgFe**K,) avdyovrag tov
tploBev oidnpo (Fe3*) oe SioBevr) (Fe**).

H évwon ot avtidpd pe tov tprydwplovyo oidnpo (FeCly) xou mapdyel pio évwon, 1
OTIOI €XEL PUTTAE XPWHX KO ctOppOPd 6TA 700 nim.

v Mia avtio€eidwtikr ovoia epdavifel €vtovo pmie xpwua.

AvTI0EE10WTIKOG TP AyovTOg

Y18 PpIKUOVIOUXO KAALO Y181 poKLKVIOUXO KAALO
(Potassium ferricyanide) (Potassium ferrocyanide)

4CNgFe*K, + 3FeCl, ———>  Feq[Fe(CN)l3 + 12KCl

210N pOKUAVIOUXO KAALO

(Potassium ferrocyanide) Prusian blue (700 nm)



