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Traditional view — “too much oxidants” is bad
Prooxidants (Oxidative stress) - damage to macromolecules - death

Figure 1. Cellular redox balance control regulatory pathways determining cell viability.
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Modified view (2014) — “too much of anything is bad”

Exogenous and endogenous stresses
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« Redox homeostasis

— natural homeostatic levels of prooxidants and antioxidants
— keeping cell metabolism and signalling balanced

* Disruptions of homeostasis
- depletion of oxygen

« Change in metabolism, acidosis in tissues, signalling (e.g. TUMORS)
* Less studied — new field - REDOX SIGNALLING

—> overproduction of prooxidants = oxidative stress
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« Oxygen (02)
— principal molecule in living organisms
« terminal acceptor of electones)

— highly reactive molecule
Formation of reactive derivatives > ROS - toxicity

« Other reactive molecules and ROS sources

— (details follow)
e  production in mitochondria (byproducts of metabolism)
« redox-cycling (quinones of xenobiotics)
. Fenton-reaction (metals)
« oxidations mediated via MFOs (CYPs)
« depletion of antioxidants (reactive molecules)




Key Reactive Oxygen Species (ROS)
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Reduction of molecular oxygen to

superoxide radical
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Dismutation of superoxide radical
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Transition metal catalyzed reaction
(Fenton reaction)
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Haber-Weiss reaction
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Me = metal (e.g.Fe**/Fe’)

"0, = superoxide radical (superoxide anion}

‘of = hydroxyl radical
OH- = hydroxyl anion

H, 0, = hydrogen peroxide

TERMS, NAMES, REACTIONS

Fenton reaction
(from organic chemistry classes)
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lipid hydroperoxides: LOOH

malondialdehyde: MDA
4-hydroxy-2-nonenol: HNE

fibrotic response
in other liver cells
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superoxide: O, .
hydroxyl radical: OH
hydrogen peroxide: H,0,
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detoxification
————— > glucose

NADPH + H*
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m-oxidation >
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Inducers
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EFFECTS Enzymes & DNA MADP*  MADFH + H*

- Other lectures
Lipid peroxidation
- Following slide
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Lipid peroxidation (= radical reactlon - fast propagation
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BIOMARKER AVAILABILITY FREQUENTLY USED ASSAYS
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Diseases Related to Oxidative Stress
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e.g. acute coronary syndrome (ACS) - myocardial infarction
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Figure 24-7. Pathogenesis of acutecoronary syndromes. A. A normal coronary artery has an intact endothelium
surrounded by smooth muscle cells. B. Endothelial cell activation or injury recruits monocytes and T lymphocytes
to the site of injury, leading to development of a fatty streak. C. Continued oxidative stress within a fatty streak leads
to development of an atherosclerotic plague. D. Macrophage apoptosis and continued cholesterol deposition cause
further plague organization, and may induce the expression of additional inflammatory proteins and matrix
metalloproteinases. At this stage, the cap of the fibroatheroma remains intact. E. Continued inflammation within an
atherosclerotic plague leads to thinning of the fibrous cap and, eventually, to plague erosion or rupture. Exposure of
plague constituents to the bloodstream activates platelets and the coagulation cascade, with resulting coronary
artery occlusion.

Credit: Figure 24-7: Adapted with permission from Libby P. Current concepts of the pathogenesis of acute coronary
syndromes. <i=Circulation=/i> 2001;104:365-372.



