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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,/-85-), 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. dntiovid. Redox Sicnal. 8. 18651879,
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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
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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,
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Dimitrios Kouretas
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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 ]

Redox
biomarkers

—

Translational potency

The contribution of redox biomarkers to the holistic characterization of a plant-derived compound in terms of antioxidant action.
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Plasma from exercised rats administered to sedentary rats
induces systemic and tissue inflammation
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Fig. 2.2 Negative relationship between hydrogen peroxide production by heart mitochondria and
maximum life span in various species of birds and mammals. R?=0.54.P < 0.007: 1. mouse (Mus
musculus); 2, rat (Rattus norvegicus); 3, white-footed mouse (Peromyscus leucopus); 4, naked
mole rat (Heterocephalus glaber); 5, Damara mole rat (Cryptomys damarensis); 6, guinea pig
(Cavia porcellus), 7, baboon (Papio cynocephalus); 8, Brazilian free-tailed bat (Tadarida

brasiliensis), 9, little brown bat (Mvotis lucifugus), 10, ox (Bos taurus), 11, Japanese quail
(Coturnix japonica); 12, pigeon (Columba livia)
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Monaghan and Costantini, Free Radicals - An Evolutionary Perspective, 17
I. Laher (ed.), Systems Biology of Free Radicals and Antioxidants, 2014.



H vrepoéeidwon twv Amidiwy Tn¢ HEUPPAVIC HELWVEL

T1 HEYLoTN S1dpKeELX {WT)C O€ TTOUVALY Kot OnAdoTikd

500 F
400 O
.'@‘
300 )
B o o
5 O T 50
E O . O % 5
5 i O
E 200 GC-)OG?% Tudpromdvrikag '
'g Ce O
E o O c A ,
P o0 POOTIKES
oq(i O-.. ’A; Spomog Hopdég
100 |- * 5 ~Q
90l O Mammals :
® Birds
80
70 1 L 1 R | 1 1 1 | 1 1
1 10 100

Maximum life span (years)

18
Buttemer et al. Funct Ecol. 2010 24:971-983



To véo emioTHOAOYIKO TP A ELY X
[Mpo-o&eldwTiKA YL T QovdTwoT TWwV KOPKIVIKWY KUTTAPWV

Cell Death

Cancer

Insufficient pro-
tumorigenic signaling

ROS Levels

< >
l ‘ Antioxidant cancer therapy Pro-oxidant cancer therapy
(Antioxidant inhibitors)

(ROS scavengers)

Apactikeg popdég OLD PARADIGM NEW PARADIGM ’

Avtioéeldwtika

Fig. 4. Pro-oxidants as cancer therapeutics.

Redox modulation therapeutics used to focus on antioxidant cancer treatments
(left) because of the role of ROS in promoting tumorigenesis. However these
therapies did not show success in the clinic (see Section 4.1). Recent studies suggest
pro-oxidant cancer therapy (right), especially the inhibition of ROS scavengers and
antioxidants, to selectively target cancer cells by inducing ROS-dependent cancer
cell death.

19
Glasauer & Chandel. Biochem Pharmacol. 92(1):90-101, 2014



Avaywyiko otpeg
TanAekTpovia aviryouv To popLoko o&uyovo mopdyovtog dpaotikeg popdEg
S10T1 deV UTTAPYOUV OEEIBWHEVA UTTOCTPWUATX
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Fig. 1. Proposed mechanism of ROS generation by GR and TrxR2 during reductive stress. Flow of electrons (e~ ) as indicated from NADPH to FAD to cysteine-related sulthydryl groups
(S) and then to the natural electron acceptors GSSG for GR, and oxidized Trx for TrxR2. If oxidized GSSG or Trx is in limited supply, the flavin reduction state is increased and electron
flow is shunted from FADH, to O, as an altemative electron acceptor, with one-electron reduction producing superoxide, two-electron reduction producing H,0, or four-electron reduc-
tion producing H»O. Similarly, thiol reactive agents which react with SH groups in GRor TrxR2 also prevent electron transfer to the natural electron acceptors, resulting in superoxide, HaOx
and H»0 production instead.

Korge et al. Biochim Biophys Acta. 2015 Jun-Jul;1847(6-7):514-25. 20
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