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• Reduction-oxidation (redox) concepts are based on the 

electron transfer events.

• Compounds capable of “accepting” electrons                              

are  oxidizing agents and those able to “assign” electrons          

are  reducing agents 



• In general, ROS are classified into two groups: 

radical and non-radical species.

• There is a typical sequential order in ROS 

generation, characterized by the production in the 

first place of the superoxide anion (O2•), followed 

by the H2O2 and the hydroxyl radical (OH•)

Under normal conditions (during aerobic metabolism) the 
O2 undergoes tetravalent reduction to water (H2O). 

In situations inducing an incomplete reduction, very 
unstable and reactive species are formed, the so called 
reactive oxygen species (ROS).
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• Superoxide anion (O2 •): Formed in multiple processes. Most 

abundant among the ROS (it possesses a half-life of millisec.). It is 

not reactive enough to directly attack macromolecules, but it can 

start ROS chain formation.

• Hydrogen peroxide (H2O2): A non-radical ROS with the ability to 

generate other ROS. A small molecule that diffuses easily, passing 

through cell membranes, propagating its effects farther than other 

ROS. 

• Hydroxyl radical (OH •): Most powerful/harmful of all ROS. Its short 

half-life (10 sec) is a limiting condition to the diffusion. It is formed 

from O2
.-

and H2O2 in the presence of iron during the sequential 

reactions of Haber-Weiss and Fenton:



• There are endogenous and exogenous defense mechanisms 
against oxidative attack. 

• Cells maintain a reducing environment by the corresponding 

enzymes and the constant supply of metabolic energy. 

• Oxidative stress  and its biomarkers are the biochemical             

end point of the imbalance between the ROS production 

and the ability of antioxidant  biological systems to 

counteract the effects of ROS metabolites. 



• Lipids, proteins and nucleic acids can be attacked by ROS. Lipids are 

probably the most susceptible to undergo oxidation. 

• All cell membranes are rich in fatty acids, which are easily injured by 

oxidizing agents. 
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• Our eyes are particularly sensitive to oxidative stress due 

to the high exposures to light, ultraviolet radiation and 

environmental pollutants. The disc membranes in the 

Outer Photoreceptor Segment are very rich in PUFAs.

• Decreased antioxidant defenses altogether with increasing 

pro-oxidants have been found in the ocular fluids and 

tissues in relation to several eye disorders, including 

* Dry eyes

* Glaucoma

* Retinal vascular oclussion

* Diabetic retinopathy

* Age-related macular degeneration.
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• Mitochondria are considered the batterys of our cells.

• Mt are responsible for generating energy as ATP and 
heat, in an extremely regulated process
known as oxydative phosphorilation
(OX-PHOS)

• Energy production is the result of: 

* The tricarboxilic acid cycle (TCA-Krebs cycle) 

* The Electron Transpor Chain (ETC)

• TCA converts carbohydrates and  fats into ATP, as well as 
producing the coenzymes NADH and FADH (entering the
TCA cycle)
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Mitochondria are consumers of 85%          
of the O2 utilized by the cell                          
during its ATP production.



Oxidative phosphorylation is the metabolic pathway in which the 

mitochondria use their structure, enzymes and energy (released by the 

oxidation of nutrients) to reform ATP.

In the ETC electrons are transferred from electron donors to electron 

acceptors in REDOX reactions which are carried out by the enzymes of the 

sequential complexes.



Mt control pivotal functions in the cells/tissues:
• Cell cycle

• Apoptosis

• Iron/Sulfur cluster assembly

• Generation of ROS

• Ca2+ homeostasis

• Biosynthesis of many cellular metabolites.

Mt changes may induce, in turns, a wide range of pathological

situations, leading to senescence-associated disorders:
• Loss of membrane potential

• Increase in ROS formation/Elevations in oxidized proteins

• Loss of mitochondrial DNA

• Programmed cell death



• Mt are the major
intracellular ROS source
predominantly generated
via complexes I and III,                                                               
likely due to the release
of e- by NADH and FADH                                                            
into the ETC.

Li X, Fang P, Mai J et al., 2013

• ROS can inflict oxidative damage
on biomolecules (proteins, lipids, n. acids),                           
resulting in loss of catalytic and/or structural integrity.

• With ageing, ROS-damaged proteins accumulate and       
OX-PHOS activity declines.

• Damage to Mt is
caused primarily by

ROS  that in turns are 

generated by the mt

themselves

Murphy MP. 2013



• In normal conditions during the OX-PHOS all O2

consumed is converted to O2• in the mt. 

• The O2• is transformed to H2O2 (by the superoxide 

dismutase: SOD) and water (by the glutathione 

peroxidase: GPx). 

• When these two enzymes did not work 

appropriately, ROS accumulates and the cell 

undergoes oxydative stress.

2 GPx



ROS-MEDIATED APOPTOSIS / The Mitogen-Activated Protein Kinase
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The Rat sarcoma (Ras)-
MAPK signalling pathway
is one of the most 

extensively studied by its 

involvement in the 

regulation of 

mitochondrial physiology.

. 

The Ras-MAPK pathway is 

known to have various targets, 

including proteins in the mt 

membrane influencing 

mitochondrial morphology and 

dynamics



ACQUIRED CONDITIONS IN WHICH  MITOCHONDRIAL DYSFUNCTION HAS BEEN INVOLVED

Diabetes Wallace 2005 Murphy et al., 2008

Cancer Koike 2005 Dakubo 2010

Parkinson´s Disease Stravrovskaya and Kristal, 

2005

Schizophrenia Fattal et al., 2006

Alzheimer´s Disease Reddy, 2010

Cardiovascular Disorders Puddu et al., 2005 Dutta, 2012

Fibromyalgia Sanchez-Dominguez et al., 

2015

Multiple Sclerosis Mahad 2009 Su 2013

Sarcoidosis Peletidou 2014

Chronic Polyarthritis Oka 2012

Aging and senescence Lauri 2014 Ziegler 2015

OCULAR CONDITIONS IN WHICH  MITOCHONDRIAL DYSFUNCTION HAS BEEN INVOLVED

Retinosis Pigmentosa Duno et al., 2013 Griciuc et al., 2014

Retinal Vascular Occlusion Finsterer and Mahjoub 2012

Uveitis Kaneko and Rao 2012

Dry Eye Disorders Messmer 2014

Age-Related Macular 
Degeneration

Jarret et al., 2010 Terluk et al, 2015

Primary Open-Angle
Glaucoma

Lee et al., 2011 Pinazo-Durán et al., 2015

Diabetic Retinopathy Schrier and Falk 2011 Santos et al., 2014

Leber's hereditary optic
neuropathy

Schrier and Falk 2011 Cwerman-Thibault et al. 

2014

Aging and senescence Brennan 2009 Gendron 2012



• Thus, we assume that mt 
involvement is the rule rather than 
the exception in the aging eye and 
eye diseases. 

• Improving mt function can be 
beneficial for aged eyes and can be 
used as an adjunctive therapy for 
certain ocular diseases. 



Failure in the appropriate control of the mt activity 
may subsequently convert a physiologic process            
(OX-PHOS) into a dangerous pathologic disorder 

regarding the eyes and vision. 

With the scientific evidence reviewed herein,

it can be reached most accurate viewpoint as to how

the oxidative stress and mitochondrial failure can

interplay to build a solid pathogenic theory in

glaucoma, dry eyes, retinal vascular occlusion,
diabetic retinopathy and age-related macular
degeneration.
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The Nobel Prize in Physiology or 

Medicine 1959 was awarded jointly to

Severo Ochoa

and 

Arthur Kornberg 

"for their discovery of the mechanisms 

in the biological synthesis of 

ribonucleic acid                          

and deoxyribonucleic acid"
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