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Generation of free radicals, role of free radicals in etiopathology of various 
diseases

such as diabetes, neurodegenerative diseases and cancer.
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Free Radical -

Free radicals are atoms or molecules that have one or more unpaired electrons in 
their outer shell, making them highly reactive and unstable.
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These radicals are primarily generated during normal cellular metabolism, 
especially in the mitochondria, but can also arise due to environmental factors 
such as pollution, radiation, smoking, and exposure to toxic chemicals.

Although free radicals play essential physiological roles in cell signaling, immune 
defense, and apoptosis, an excess accumulation leads to oxidative damage to 
lipids, proteins, and DNA.

This oxidative stress has been implicated in the pathogenesis of numerous 
chronic diseases, including cancer, cardiovascular disorders, neurodegenerative 
diseases (like Alzheimer's and Parkinson's), diabetes mellitus, and aging-
related degeneration.
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[A.] Endogenous Sources (Inside the Body)-

These are normal processes in our body that accidentally generate free radicals:

1. Mitochondria (Cell’s Powerhouse)-

During ATP (energy) production, oxygen is used.
Sometimes, oxygen is partially reduced forming:
Superoxide anion (O₂⁻)
This is one of the first steps in free radical generation.

Generation of Free Radicals

ATP formation.
3.
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2. Enzymatic Reactions-

Some enzymes produce free radicals as part of their function:

Xanthine oxidase
Cytochrome P450 enzymes
Cyclooxygenase (COX)
Lipoxygenase (LOX)

→ These are involved in metabolism and inflammation.
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3. Immune Cells (Neutrophils, Macrophages)-

During infections, white blood cells produce free radicals to kill bacteria.

Example: NADPH oxidase generates superoxide during phagocytosis.

4. Peroxisomes-

These cell structures help in fat breakdown (β-oxidation).

In the process, hydrogen peroxide (H₂O₂) is produced
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5. Transition Metals (Iron, Copper)-

These metals can catalyze Fenton reaction:

Fe²⁺ + H₂O₂ → Fe³⁺ + •OH + OH⁻

→ Produces hydroxyl radicals which are highly reactive.
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B. Exogenous Sources (Outside the Body)-

These sources are environmental and increase oxidative stress:

1. Radiation (UV light, X-rays, Gamma rays)

Break water molecules in the body to form:
Hydroxyl radicals (•OH)
Hydrogen radicals (H•)

2. Pollutants & Chemicals
Cigarette smoke, pesticides, industrial smoke contain harmful chemicals that 
generate free radicals.
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3. Drugs and Toxins-
Some drugs (like doxorubicin) undergo redox cycling, generating ROS.

4. Alcohol and Poor Diet-
Alcohol metabolism (via CYP2E1) generates free radicals.
Deficiency in antioxidants (Vitamin E, C, glutathione) increases the damage.
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Role in Etiopathology (Disease Development)-

Free radicals contribute to the initiation, progression, and complications of 
many diseases through oxidative stress (imbalance between free radicals 
and antioxidants).

Free Radica - Contribute to Initiation
, Progression & Complication.

of Many disease through Oxidative Stress.
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Protective activity of certain important antioxidant

-Antioxidants are molecules that protect the body by neutralizing free radicals 
and preventing oxidative stress.

-They donate an electron to stabilize free radicals

 Mechanism of Action of Antioxidants:

Free radical scavenging – Antioxidants donate electrons to stabilize ROS.

Metal chelation – They bind to metals (like Fe²⁺, Cu²⁺) to stop the Fenton reaction.

Enzyme activation – Enhance action of enzymes like SOD, catalase, glutathione peroxidase.
Repair of damaged molecules – Some antioxidants repair oxidized proteins or lipids.
-
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3. AGEs (Advanced Glycation End-products):

4. PKC (Protein Kinase C) Activation:
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➤ 1. Pancreatic β-cell Damage:
β-cells make insulin but are very sensitive to 
oxidative stress
Free radicals damage them → less insulin 

produced

➤ 2. Insulin Resistance:
ROS interfere with insulin signaling in 
muscles and fat → cells don’t respond well 

to insulin
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2. Neurodegenerative Disease -

[ Alzheimer’s Disease (AD), Parkinson’s Disease (PD) ].

Free radicals, especially Reactive Oxygen Species (ROS), play a major role in 
damaging neurons by:

1. Oxidative Damage:
Neurons use high oxygen and have high lipid content → highly sensitive to ROS.

ROS attack:
Lipids → lipid peroxidation

Proteins → misfolding, aggregation

DNA → mutations, apoptosis
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2. Mitochondrial Dysfunction:
ROS impair mitochondrial function → ↓ ATP → ↑ ROS → cell death cycle.

3. Neuroinflammation:
Free radicals activate microglia (brain immune cells) → release inflammatory 

cytokines → more damage.

4. Excitotoxicity:
Excess glutamate → overactivation of NMDA receptors → Ca²⁺ overload → ROS 

production → neuron death
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3. Cancer-

Cancer is a group of diseases involving uncontrolled growth and spread of abnormal 
cells.
If not controlled, it can invade nearby tissues or spread (metastasize) to other parts 
of the body.

How Free Radicals Contribute to Cancer:

Free radicals, especially Reactive Oxygen Species (ROS), play a major role in 
the initiation, promotion, and progression of cancer:

S
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Example ROS Involved-

Superoxide anion (O₂⁻•)
Hydrogen peroxide (H₂O₂)
Hydroxyl radical (•OH)

Protective Role of Antioxidants in Cancer 
Prevention-

How Antioxidants Help:

-Neutralize ROS and prevent DNA mutations.

-Inhibit inflammation and tumor-promoting 
signaling pathways.

-Enhance DNA repair and apoptosis of damaged 
cells.

L
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 Note: In some cancer patients, excessive antioxidant supplementation may interfere with 
chemotherapy or radiotherapy — must be used cautiously.
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#Recent Advances in Cancer Treatment-

Modern treatments focus on targeted therapy, immune therapy, gene editing, and 
personalized medicine:
-
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3. Gene Therapy & CRISPR-
Gene editing tools (like CRISPR/Cas9) to target oncogenes or repair mutations.
Still experimental but showing promise.

4. Nanotechnology-
• Nano-sized carriers used to deliver chemotherapy directly to tumors, minimizing 
side effects.

5. Combination Therapies-
• Combining chemotherapy + immunotherapy + antioxidants for better outcomes.

=-
Nano Size
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