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Basic principles of Cell injury and Adaptation 

Introduction to Cell Injury and Adaptation 
• Cells, the basic units of life, are constantly exposed to various physical, chemical, and 

biological stimuli. 

• While many of these stimuli are benign and essential for normal cell function, others can be 
harmful and lead to cell injury. 

• Understanding how cells respond to these injurious stimuli is fundamental to comprehending 
various pathological conditions and diseases. 

Cell Injury 

• Cell injury occurs when cells are exposed to severe stress or harmful agents that they cannot 
adapt to. 

• This can lead to reversible or irreversible changes, and in severe cases, it can result in cell 
death. 

Types of Cell Injury 

1. Reversible Injury 

➢ If the damaging stimulus is mild or of short duration, cells can often recover once 
the stimulus is removed. 

➢ Changes include cellular swelling and fatty change. 

2. Irreversible Injury 

➢ If the stimulus persists or is severe, cells reach a point of no return, leading to cell 
death. 

➢ This can occur through necrosis or apoptosis. 

Cell Adaptation 

• Cell adaptation refers to the ability of cells to undergo changes in response to persistent stress 
or harmful stimuli, allowing them to survive and maintain function. 

• These changes can be physiological (normal adaptation) or pathological (abnormal 
adaptation). 

Types of Cell Adaptation 

1. Atrophy 

➢ A decrease in cell size due to reduced functional demand or adverse conditions. 

2. Hypertrophy 

➢ An increase in cell size in response to increased demand or stimulation. 

3. Hyperplasia 
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➢ An increase in the number of cells in a tissue or organ due to an increased rate of 
cell division. 

4. Metaplasia 

➢ A reversible change in which one differentiated cell type is replaced by another cell 
type. 

5. Dysplasia 

➢ Abnormal development or growth of cells, tissues, or organs, often considered a 
pre-neoplastic condition. 

 

Homeostasis 
• Homeostasis is the process by which living organisms maintain a stable internal environment 

despite changes in the external surroundings. 

• Think of it like a thermostat in your home that keeps the temperature just right—neither too hot 
nor too cold. 

Components of Homeostasis 

To maintain homeostasis, three main components are involved: 

1. Receptor (Sensor) 

➢ This detects changes in the environment. 

➢ For example, temperature sensors in your skin can detect when it's getting cold. 

2. Control Center 

➢ This receives the signal from the receptor and processes the information. 

➢ In your body, the brain often acts as the control center. 

3. Effector 

➢ This makes the necessary adjustments to bring things back to normal. 

➢ For example, muscles shiver to generate heat when you’re cold. 

Types of Feedback Systems 

➢ Feedback systems help maintain homeostasis by regulating the internal environment.  

There are two main types: 

A. Negative Feedback Systems 

Mechanism of negative feedback system 

o Negative feedback is like a loop that helps to counteract changes and bring the 
system back to its normal state. 
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o It’s the most common type of feedback system in the body. 

 

Example: Temperature Regulation 

o Receptor: Temperature sensors in your skin detect that it's cold. 

o Control Center: The brain receives this information and decides that action is 
needed. 

o Effector: Your muscles start to shiver, generating heat and raising your body 
temperature back to normal. 

This system “negates” the change (being cold) by producing heat, thus stabilizing the temperature. 

B. Positive Feedback Systems 

Mechanism of positive feedback system 

o Positive feedback amplifies a change, making things move further from the normal 
state. 

o It’s less common but is used in certain situations. 

 

Example: Blood Clotting 

o Receptor: A blood vessel is damaged. 

o Control Center: Platelets (a type of blood cell) recognize the injury and signal for more 
platelets. 
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o Effector: More platelets gather and release chemicals to attract even more platelets 
until the clot forms and stops the bleeding. 

This system “amplifies” the initial signal (injury) to quickly produce a beneficial result (clotting). 

 

Cause of Cell Injury 

• Cell injury refers to the structural or functional impairment of a cell resulting from exposure to 
harmful stimuli or stressors. 

• It can disrupt normal cellular processes and lead to cell dysfunction or death. 

Types of Cell Injury 

 

1. Reversible Cell Injury 

➢ Occurs when a harmful stimulus is mild or removed. 

➢ The cell can recover and regain normal function. 

➢ Features include: 

A. Cellular swelling 

B. Fatty changes 

C. Minor structural alterations 

2. Irreversible Cell Injury 

➢ Results from persistent or severe harmful stimuli, leading to cell death. 

➢ Manifests as: 

A. Apoptosis: Programmed cell death. 

B. Necrosis: Uncontrolled cell death. 

Causes of cell injury: 

1. Physical agents: Mechanical trauma, extreme temperatures, radiation, or electrical injury. 

2. Chemical agents: Toxic chemicals, heavy metals, drugs, poisons, or environmental pollutants. 

3. Infectious agents: Bacteria, viruses, fungi, or parasites. 

4. Immunological reactions: Autoimmune diseases or hypersensitivity reactions. 
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5. Genetic factors: Genetic mutations, chromosomal abnormalities, or inherited conditions. 

6. Nutritional imbalances: Deficiencies or excesses of essential nutrients. 

7. Hypoxia and ischemia: Reduced oxygen supply or blood flow to tissues. 

8. Aging: Accumulation of damage and decline in cellular repair mechanisms. 

 

Pathogenesis of Cellular Damage 
• Cellular damage occurs when various factors disrupt the normal functioning of cellular 

components, such as cell membranes, mitochondria, ribosomes, and nuclei. 

• Understanding the pathogenesis of this damage is crucial to comprehending how cells 
respond to stressors and how injury can lead to cell dysfunction or death. 

 

Cell Membrane Damage 

• The cell membrane is a critical structure responsible for maintaining cellular integrity, 
regulating the passage of molecules in and out of the cell, and facilitating communication with 
other cells. 

• Damage to the cell membrane can result from: 

1. Oxidative Stress: Reactive oxygen species (ROS) can cause lipid peroxidation, altering 
the membrane's fluidity and permeability. 

2. Toxins or Pathogens: Certain bacterial toxins or viral infections can disrupt the cell 
membrane's integrity. 

3. Mechanical Trauma: Physical forces can cause membrane damage, leading to cell 
leakage or rupture. 

Consequences: 

➢ Loss of selective permeability. 

➢ Impaired cellular communication. 

➢ Uncontrolled influx of ions and molecules, leading to cell dysfunction or death. 

Mitochondrial Damage 
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