
 

 

Pathology 2nd class / 

Types of cellular responses to injury 

Depending on the nature of stimulus/injury, by cellular responses can 

be mainly divided into four types . 

1. Cellular adaptations 

2. Cell injury 

– Reversible cell injury 

– Irreversible cell injury 

3. Intracellular accumulations 

4. Pathologic calcification. 

Cellular adaptations 

When the cell is exposed to pathological stimuli, the cells can achieve a 

new, steady altered state that allows them to survive and continue to 

function in an abnormal environment. These are reversible changes and 

constitute cellular adaptations. Types of adaptations: Hypertrophy, 

hyperplasia, atrophy and metaplasia. 

Hypertrophy 

Definition: Increase in the size of the tissue or organ due to increase 

in the size of cells.  



 

 

Causes :- Increased functional demand/workload 

• Physiological:  

– Hypertrophy of skeletal muscle: e.g. the bulging muscles of body 

builders and athletes.  

– Hypertrophy of smooth muscle: e.g. growth of the uterus during 

pregnancy from estrogenic stimulation. 

• Pathological:  

– Hypertrophy of cardiac muscle: e.g. left ventricular due to 

hypertension or damaged valves (aortic stenosis, mitral incompetence). 

– Hypertrophy of smooth muscle: e.g. hypertrophy of urinary bladder 

muscle in response to urethral obstruction e.g. prostate hyperplasia, 

hypertrophy of muscular layer of stomach due to pyloric stenosis. 

 



 

 

Hyperplasia 

Definition: Increase in the number of cells in an organ or tissue, 

resulting in increased size/ mass of the organ or tissue. 

Causes 

• Physiological hyperplasia: Hormonal stimulation, or as compensatory 

process. 

– Hyperplasia due to hormones: e.g. hyperplasia of glandular epithelium 

of the female breast at puberty, pregnancy and lactation, hyperplasia 

of the uterus during pregnancy from estrogenic stimulation. 

– Compensatory hyperplasia: e.g. in liver following partial hepatectomy. 

• Pathological hyperplasia: Due to excess endocrine stimulation or 

chronic injury/irritation.  

– Excessive hormonal stimulation: e.g. endometrial hyperplasia (due to 

estrogen refer and benign prostatic. 

– Chronic injury/irritation: Long-standing inflammation or chronic 

injury may lead to hyperplasia especially in skin or oral mucosa. 

Pathological hyperplasia can progress to cancer, e.g. endometrial 

hyperplasia can develop into endometrial cancer. 

 



 

 

Atrophy 

Definition: Atrophy is the reduced size of an organ or tissue resulting 

from a decrease in cell size and number. 

Causes 

Physiological atrophy: Common during normal fetal development, and in 

adult life.  

• During fetal development: e.g. atrophy of embryonic structures such 

as thyroglossal duct. 

• During adult life: e.g. involution of thymus, atrophy of brain and heart 

due to aging (senile atrophy). 

Pathological atrophy: Local or generalized. 

1. Local 

• Disuse atrophy (decreased workload): e.g. atrophy of limb muscles 

immobilized in a plaster cast (as treatment for fracture) or after 

prolonged bed rest.  

• Denervation (loss of innervation) atrophy: e.g. atrophy of muscle due 

to damage to the nerves (e.g. poliomyelitis).  

• Ischemic (diminished blood supply) atrophy: e.g. brain atrophy 

produced by ischemia due to atherosclerosis of the carotid artery. 



 

 

• Pressure atrophy: e.g. atrophy of renal parenchyma in hydronephrosis 

due to increased pressure. 

2. Generalized 

• Starvation (inadequate nutrition) atrophy: e.g. protein-calorie 

malnutrition. 

Metaplasia 

Definition: Metaplasia is a reversible change in which one adult cell 

type is replaced by another adult cell type. 

Causes 

• Metaplasia is usually fully reversible adaptive response to chronic 

persistent injury. If the noxious stimulus is removed (e.g. cessation of 

smoking), the metaplastic epithelium may return to normal. 

• Metaplasia is mainly seen in association with tissue damage, repair, 

and regeneration. 

• The replacing cell type is usually more suited to a change in 

environment. 

Cell injury 

Causes of Cell Injury 



 

 

A. Hypoxia: It refers to inadequate oxygenation of tissue. It is the 

most common cause of cell injury. 

Causes of hypoxia: 

• Decreased blood flow is called ischemia. It may be due to thrombosis, 

embolism, atherosclerosis or external compression of vessel. 

B. Physical Agents: 

• Mechanical trauma: e.g. blunt/penetrating/crush injuries, gunshot 

wounds 

• Thermal injury: Extremes of temperature (burns and deep cold) 

• Radiation (ionizing radiation and non-ionizing radiation) 

• Electric shock  

• Pressure changes: Sudden changes in atmospheric pressure. 

C. Chemical Agents: 

• Heavy metals and poisons: e.g. arsenic, mercuric salts or cyanide 

• Simple chemicals: e.g. hypertonic concentrations of glucose or salt 

• Strong acids and alkalies 

• Oxygen at high concentrations is toxic 



 

 

• Environmental and air pollutants: e.g. insecticides, and herbicides  

• Industrial and occupational hazards (carbon monoxide and asbestos) 

• Social/lifestyle choices: Addiction to drugs and alcohol, cigarette 

smoking 

• Therapeutic drugs. 

D. Infectious Agents: Viruses, bacteria, fungi, rickettsiae and 

parasites. The mechanism by which these infectious agents cause 

injury varies. 

E. Immunologic Reactions 

• Autoimmunity: Immune reactions to endogenous self-antigens are 

responsible for autoimmune diseases. 

• Hypersensitivity reactions and other immune reactions: Heightened 

immune reactions to many external agents (e.g. microbes and 

environmental agents). 

F. Genetic Derangements: Genetic defects may cause cell injury 

because of  

• Deficiency of functional proteins (e.g. enzyme defects in inborn 

errors of metabolism) 

• Accumulation of damaged DNA or misfolded proteins 



 

 

• Variations in the genetic makeup. 

G. Nutritional Imbalances: 

• Nutritional deficiencies: 

– Protein-calorie deficiencies  

– Deficiencies of specific vitamins. 

• Nutritional excesses: 

– Excess of cholesterol predisposes to atherosclerosis 

– Obesity is associated with increased incidence of several important 

diseases, such as diabetes and cancer 

– Hypervitaminosis. 

H. Idiopathic: Cause is not known. 

General Principles of Cell Injury 

1. Cellular response to injury: It depends on: 1) type of injury,  

2) duration of injury and  

3) severity of injury. 

2. Consequences of injury: It depends on: 1) type of cell involved, 2) 

adaptability of cell,  



 

 

3) status of cell and 4) genetic makeup of the cell. 

3. Targets and biochemical mechanism of cell injury: These include  

1) mitochondrial  

damage/ dysfunction,  

2) disturbance of calcium homeostasis, 3) damage to cellular  

membranes and 

 4) damage to DNA and misfolding of proteins. 

Types of cellular injury 

Two types: Reversible and irreversible. Reversible injury may progress 

to a reversible stage and result in cell death. 

Reversible Cell Injury 

If the stimulus is acute and brief or mild, the cell injury produces 

changes in the cells which are reversible up to a certain point. 

Light microscope features of reversible cell injury: Two patterns of 

reversible cell injury namely cellular swelling and fatty change. 

• Cellular homeostasis. There is increased flow of water into the cells 

and results (hydropic) swelling: It is due to changes in ion 

concentrations and fluid  



 

 

in increased water content of injured cells.  

• Steatosis (fatty change) explained below. 

Irreversible Cell Injury 

If the cell is exposed to continuous injurious stimulus or if the injury is 

severe, the cells undergo cell death. Two main types of cell death: 

Necrosis and apoptosis. 

• Necrosis: Always a pathologic process (refer below). 

• Apoptosis: May be physiological or pathological. 

Pathologic calcification 

Abnormal deposition of calcium salts in tissues other than osteoid or 

enamel. It is also associated with deposition of small amounts of iron, 

magnesium and other minerals. 

Types of pathologic calcification are: 1) dystrophic and 2) metastatic. 

Dystrophic Calcification 

Deposition of calcium salts in dying or dead tissues.  

Causes 

• Necrotic tissue: Calcification in caseous, enzymatic fat necrosis, in 

dead eggs of Schistosoma, cysticercosis and hydatid cysts. 



 

 

• Degenerating tissue:  

– Heart valves: Occurs in aging or damaged heart valves 

– Atherosclerosis. 

• Monckeberg’s medial calcific sclerosis: Calcification in the media of 

the muscular arteries in old people. 

• Psammoma bodies: Single necrotic cells on which several layers of 

mineral get deposited progressively to create lamellated shape, called 

psammoma bodies . 

Metastatic Calcification  

Deposition of calcium salts in apparently normal tissues. It is 

associated with hypercalcemia secondary to deranged calcium 

metabolism. 

Causes  

• Increased secretion of parathyroid hormone (PTH) with subsequent 

bone resorptionhyperparathyroidism. 

• Destruction of bone tissue: Secondary to primary tumors of bone 

marrow (e.g. multiple myeloma, leukemia and metastatic tumors to 

bone). 

• Vitamin D–related disorders: Vitamin D intoxication. 



 

 

• Renal failure: Causes retention of phosphate, leading to secondary 

hyperparathyroidism. 

• Others: Sarcoidosis and milk alkali syndrome. 

Sites 

• Lungs: Alveolar septa of the lung. 

• Kidney: Basement membrane of the renal tubules. 

• Blood vessels: On the internal elastic lamina of systemic arteries and 

pulmonary veins. 

• Stomach: Interstitial tissues of the gastric mucosa.  

 

 

 


