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ABSTRACT  
 

About 2.5 billion years ago, cyanobacteria evolved to gain the ability to produce oxygen 
(O2) as a by-product of photosynthesis.  CO2  +  H20  --> Glucose  +  O2. Remain the 
Oparin-Haldane hypothesis (primordial soup), suggests that life arose gradually from 
inorganic molecules, with “building blocks” like amino acids forming first and then 
combining to make complex polymers.  
 
All life on earth is based on redox reactions. Oxygen is both essential to human life and 

toxic. We are dependent on O2 for oxidation reactions in the pathways of adenosine 

triphosphate (ATP). The oxygen molecule itself is a radical, because at ground-state, 

oxygen has 2-unpaired electrons with parallel spin states. It is paramagnetic, predisposes 

it to reduction by a univalent pathway.and lead to excessive production of ROS.  

At higher ROS can damage all macromolecules such  as DNA, RNA, proteins, 

carbohydrates and lipids. that can contribute to the pathogenesis of various diseases 

including: cancer,diabetes, neurodegenerative, CVD  and aging (Oxidative Damage ) 

Hypoxia is defined as a deficiency in either the delivery or the utilization of oxygen at the 

tissue level, which can lead to changes in function, metabolism and even structure of the 

body. Hypoxia plays an important role in both physiological and pathological.  

Hypoxia inducible factors (HIFs) mediate the transcription almost 300 of genes that allow 

cells to adapt to hypoxic environments.  Could be very important target for drug 

development  and treatment for diseases, such as Atherosclerosis, Cancer and Stroke, 

in which hypoxia is a central aspect 
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• About 2.5 billion years ago, cyanobacteria evolved to gain the ability to produce oxygen (O2) 
as a by-product of photosynthesis. CO2  +  H20   ----> Glucose  +  O2

1920 - Hypothesis  Oparin – Haldane : Primordial Soup
1953 - Miller & Urey

• Oxygen soluble in water , colorless, odorless, tasteless, extremely reactive gas; in its elemental 
form, oxygen is found as the diatomic molecule O2; in the liquid, solid phase, it is pale blue.

• Oxygen is the most abundant element in human body (65%) and the Earth's crust (47%), the 
second most abundant element in the atmosphere (21%), and the third most abundant element 
in the universe.

• Chemical bonds with almost all other element and three isotopes: 16O, 17O, and 18O.

• Oxygen has numerous uses in steelmaking and other metals refining and fabrication processes, 
in chemicals, pharmaceuticals, petroleum processing, glass, ceramic manufacture, and pulp and 
paper manufacture, rocket fuel.

Property



• All life on earth is based on redox reactions

• Oxygen is essential, but toxic

• Oxygen BIRADICAL, Ground-state oxygen has 2-unpaired electrons with    

parallel spin states

• It is paramagnetic, predisposes it to reduction by a univalent pathway

• Oxygen molecule is minimally reactive due to spin restrictions

Lewis Diagram Possible electron configuration for 

antibonding π orbitals of ground and 

excited states of molecular oxygen

Pauli Exclusion principle  

The Paradox of Aerobic Life



Complete and incomplete reduction of molecular oxygen. The production of 

specific reactive species by single electron addition (e-)



Schematic representation of generation of reactive oxygen species (ROS) in plants. Activation of O2 occurs by: 

Stepwise monovalent reduction of O2 or Energy transfer to O2 leads to formation of 1O2.

NOTES: The Beckman-Radi-Freeman pathway 

and the Cadenas-Poderoso shunt





• Both classes are referred to as RONS, R3C
. Carbon-centered, R-S. Sulfur-

centered, RCS Chlorine-centered radicals.

• Definition: Reactive oxygen species (ROS) is a collective term for species 

derived from O2 that are more reactive than O2 it self.

• Hence all oxygen radicals are ROS, but not all ROS are radical species (the 

latter being defined as a species with one or more unpaired electrons). 

• Reactive’ is a relative term; O•2 and H2O2 are selective in their reactions with 

biological molecules, leaving most of them unscathed, whereas  •OH attacks 

everything

ROS/RNS



Reactive Oxygen Species (ROS)

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

Reactive Nitrogen Species (RNS)

Radicals:

NO. Nitric Oxide

NO2
. Nitrogen dioxide

Non-Radicals:

ONOO- Peroxynitrite

ROONO Alkyl peroxynitrites

N2O3 Dinitrogen trioxide

N2O4 Dinitrogen tetroxide

HNO2 Nitrous acid

NO2
+ Nitronium anion

NO- Nitroxyl anion

NO+ Nitrosyl cation

NO2Cl Nitryl chloride



• Endogenous : mitochondria, peroxisomes, endoplasmic reticulum, phagocytic cells etc.) 

and Exogenous sources (air-pollution, alcohol, tobacco smoke, heavy metals, transition 

metals, industrial solvents, pesticides, certain drugs like paracetamol, and radiation

• Hormesis or biphasic dose response, dual effects:

At lower concentrations, ROS play significant roles in various physiological 

functions including: gene activation, cell growth, proliferation, survival, apoptosis, 

blood pressure control, prostaglandin biosynthesis, embryonic development, 

cognitive function, and immune response ( REDOX SIGNALING )

• However, at higher concentrations, ROS can damage all macromolecules such as DNA, 

RNA, proteins, carbohydrates and lipids. that can contribute to the pathogenesis of 

various diseases including: Cancer,Diabetes, neurodegenerative, CVD , aging, 

respiratory diseases, cataract and rheumatoid arthritis  ( OXIDATIVE DAMAGE )

•

ROS/RNS: SOURCES and IMPLICATION







Oxidative Damage





Effects of oxidative stresses on plants parts and different defence mechanism.In plants, ROS cause serious damage to the cells by

inhibiting proteins, DNA and others metabolic pathways. Conversely, the defense system is activated in the plants against ROS to regulate

its functional activity by activating different enzymatic and non-enzymatic antioxidant agents





Hypoxia is defined as a deficiency in either the delivery or the utilization of oxygen 

at the tissue level, which can lead to changes in function, metabolism and even 

structure of the body.

The main types of hypoxia include:

• Hypoxic hypoxia (hypoxemic hypoxia): There is a lack of oxygen in the blood flowing to the tissues.

• Anemic hypoxia: Blood isn't able to carry oxygen as well as it should because of an insufficient amount of 

healthy red blood cells. This leads to a lower supply of oxygen in the tissues.

• Stagnant/circulatory hypoxia: Poor blood flow leads to less oxygen available to the tissues. This may occur 

in one specific area or throughout the whole body.

• Histiotoxic hypoxia: Enough oxygen is taken in through the lungs and delivered to the tissues, but the body 

has difficulty using it.

• Cytopathic hypoxia: Oxygen is able to be used properly by the tissues, but there is a higher demand for 

oxygen than usual.

Hypoxia

https://www.verywellhealth.com/how-to-increase-red-blood-cells-5211834








HYPOXIA INDUCIBLE FACTORS

• Hypoxia-inducible factors (HIFs) are master regulators of oxygen homeostasis that match 

O2 supply and demand for each of the 50 trillion cells in the adult human body

• The HIF-1 transcription factor was first identified based on its ability to activate the 

erythropoetin gene in response to hypoxia ( Wang and Semenza, 1993).

• HIFs activate the transcription of thousands of genes that mediate angiogenesis, cancer 

stem cell specification, cell motility, epithelial-mesenchymal transition, extracellular matrix 

remodeling, glucose and lipid metabolism, immune evasion, invasion, and metastasis

• HIFs are heterodimeric proteins consisting of an O2-sensitive HIF-1α, HIF-2α, or HIF-3α 

subunit and a constitutively expressed HIF-1β subunit (also known as ARNT)

• Cancer cells co-opt this homeostatic system to drive cancer progression



HYPOXIA INDUCIBLE FACTORS (HIFs)







Timeline HIF-1 Research



"for their discoveries of how cells sense and adapt to 
oxygen availability"



FUTURE DIRECTION

HIF-1 as a target for drug development

• Hypoxia plays an important role in both physiological and pathological

• HIF-1 function as a Master Regulator of O2  Homeostasis by controlling both 

O2 delivery and utilization 

• Hypoxia inducible factors (HIFs) mediate the transcription almost 300 of genes 

that allow cells to adapt to hypoxic environments.

• Could be very important target for drug development  and treatment for diseases, 

such as Atherosclerosis, Cancer and Stroke, in which hypoxia is a central aspect



Pathway-targeted by the hypoxia inducible factor HIF via binding to hypoxia response element





Small size capacity 1-3 rats      Medium  Capacity for 4-6 rats                   Large size capacity 7-10 rats



CAMAG® HPTLC SYSTEM                                                   Rotary Evaporator 
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