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INTRODUCTION 

•  DEFINITION { DEFINE STAGE } :

Cellular adaptation is the reversible functional or structural 

change that occurs in cells in response to changes in their 

environment or stress, allowing the cell to survive and maintain 

homeostasis.
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 TYPES OF ADAPTATION  

• Hypertrophy: ↑ cell size

• Hyperplasia: ↑ cell number

• Atrophy: ↓ cell size & number

• Metaplasia: Change in cell type

• Mnemonic: HHAM — Hypertrophy, Hyperplasia, Atrophy, Metaplasia
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• Hypertrophy is the increase in the size of individual cells, 

resulting in an increase in the size of an organ or tissue — without 

an increase in cell number.

• It occurs mainly in cells incapable of division (e.g., skeletal muscle, 

cardiac muscle).
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HYPERTROPHY 

MECHANISM 
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• KEY MOLECULAR MECHANISMS :

Mechanical triggers: Increased workload or stretch

Trophic triggers: Growth factors (e.g., IGF-1), hormones (e.g., estrogen)

Result: Increased synthesis of proteins, mitochondria, myofilaments → larger cell size

• EXAMPLES : 

Type Example Description

Physiological Hypertrophy Skeletal muscle in athletes Due to increased workload during exercise 
→ increased actin & myosin synthesis

Pathological Hypertrophy Left ventricular hypertrophy (LVH)
Due to chronic hypertension → increased 

workload on heart → thickened 
myocardium
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HYPERPLASIA 
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Hyperplasia is the increase in the number of individual cells, resulting in an 
increase in the size of an organ or tissue.
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Atrophy is the decrease in the size of individual cells, 

resulting in an decrease in the size of an organ or tissue .

ATROPHY
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METAPLASIA 

• Metaplasia is a reversible change in which one 

differentiated (mature) 

• cell type is replaced by another differentiated cell type that 

is better able to withstand the adverse environmental 

conditions.

• If the stimulus persists, metaplasia can progress to 

dysplasia (precancerous change).
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MECHANISM OF METAPLASIA 

01/11/2025 SLIDE 9/15

Type Example Explanation

Glandular Metaplasia Barrett’s esophagus
Squamous epithelium → 

columnar epithelium due to acid 
reflux

Epithelial Metaplasia Squamous metaplasia in the 
bronchi of smokers

Normal ciliated columnar 
epithelium → stratified 
squamous epithelium
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INCLASS ASSESSMENTS 
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• CASE  : 
• A 60-year-old smoker develops chronic cough. Biopsy shows squamous metaplasia in bronchial 

mucosa.

• Identify the adaptation.

• Is it reversible or irreversible?

• What if the stimulus continues?
• (Expected: Metaplasia → reversible → may progress to dysplasia/cancer)
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• CASE 2 : 
• A weightlifter shows increased muscle bulk in arms and legs.

• Identify the type of adaptation.

• Mechanism involved?
• (Expected: Hypertrophy due to increased workload → increased protein synthesis.)
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SUMMARY 
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