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ROS-Reactive Oxygen Species
• Radicals:

O2
.- Superoxide

OH. Hydroxyl

RO2
. Peroxyl

RO. Alkoxyl

HO2
. Hydroperoxyl

• Non-Radicals:

H2O2 Hydrogen peroxide

HOCl- Hypochlorous acid

O3 Ozone

1O2 Singlet oxygen

ONOO- Peroxynitrite

Biological Pathways for Oxygen Reduction
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ROS

Normal Function

Normal signal transduction

Proliferation

host defense and

gene expression

Oxidative Stress

Specific signaling pathways

Damage cellular components

Apoptosis

Ageing
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PROVIDE PROTECTION 

AGAINST POTENTIAL 

INJURY OR CELLULAR 

DAMAGE
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stressors

stressors

stressors
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*THE HORMESIS        

• Hormesis is a dose – response

phenomenon characterized by a

low-dose stimulation and high-

dose inhibition.

• It is a non-monotonic / biphasic

dose response, with specific dose

response features resulting in

either a J-shaped or an inverted

U-shaped dose response curve.

CONDITIONS

(1) It shows a biphasic dose-

relationship in which the response to

low dose is opposite to the response

to a high dose

(2) The concentration and effects of

the low dose are measurable, i.e.,

are not due to placebo

(3) The factors acting on the

biological system are present in

natural environment
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HORMETIC AGENTS

HYPOXIA

HEAT

COLD

etc…

metabolic rate free radicals 
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� 1. Upregulation of antioxidant 

network.

� 2. Mitochondrial adaptation, 

cardiac protection against 

ischemia-reperfusion.

� 3. Heat tolerance.

� 4. Adaptation to blood sugar 

(Decrease in insulin resistance)

� 5. Muscle hypertrophy in 

response to blood flow restriction.

EXERCISE AND HORMESIS-BENEFITS

Reactive oxygen species are physiological products of

aerobic metabolism. They are used by organisms for a variety

of tasks such as signaling, metabolizing of xenobiotics,

initiating apoptosis, and stimulation of antioxidant and repair

processes.

On the other hand, ROS are also involved in a number of

pathological processes such as inflammation, rheumatic

arthritis, atherosclerosis, ischemia / reperfusion, cancer, and

neurodegenerative diseases such as Alzheimer and Parkinson

diseases and aging.

ROS FUNCTION
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• Regular physical exercise, which has been proven to

increase mean life span, could also serve as a stimulating

stressor for ROS production.

• Several studies have shown that despite much higher

oxygen intakes during aerobic exercise, anaerobic exercise

(sprinting, weight lifting, etc) can produce similar levels of

oxidative damage. Indeed, there is little doubt that the

generation of ROS is increased during exercise.

ROS AND EXERCISE

OVERTRAINING

• However, mounting

epidemiological data have

proven that exercise decreases

the incidence of oxidative

stress-associated diseases.

• These beneficial consequences

of regular exercise are in sharp

contrast to the effects of

exhaustive exercise on

unprepared tissues that results

in, apparently, harmful

outcomes.
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Extending lifespan by increasing oxidative 

stress

Many findings suggest that:

Oxidative stress        Lifespan

As a  result interventions that lower

ROS production have been suggested as

Anti-aging strategies

In contrast, antioxidants in several

clinical studies have shown:

• Inability to find positive association 

• Lack of health promoting effects

• May promote cancer growth

• Increase number of diseases

…makes you stronger!
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