
 Adaptations

Hypertrophy
…increase in size&function
…increased structural proteins 
and organelles 

Physiologic Pathologic 
➢ Cardiac 
muscle in 
hypertension     
➢ aortic stenosis 

➢ uterine smooth 
muscle in pregnancy
➢ skeletal muscle in 
athletes

Hyperplasia 
…increase in number of cells
… Tissues that have proliferative 
ability

Pathologic Physiologic 
➢ endometrial 
hyperplasia caused 
by excess estrogen 
➢ Benign prostatic 
hyperplasia, 
androgen induced.
➢Warts (HPV) 
because of viral 
infection

➢ Breast in puberty and 
pregnancy & lactation
(Hormonal stimulation)
➢liver after partial 
resection( compensatory)

Atrophy
…decrease in cell size & function
…  ↓ Protein synth    ↑ Degradation    ↑ Autophagy

Pathologic Physiologic 
➢denervation injury
➢ chronic ischemia 

Endometrial atrophy:- Loss of 
hormone stimulation in 
menopause

Causes of atrophy:-
▸decreased workload
▸Loss of innervation 
▸loss of blood supply
▸ loss of nutrition 
▸ loss of endocrine stimulation
▸ aging

Metaplasia
…change from one cell type to another 
…reprogramming of stem cells not differentiated cells
…increase risk of cancer
…new cell type copes better but function less 
…Reversible 

Causes:-
▸ smoking (leads to squamous metaplasia :- 
replacement of columnar epithelium —> with 
squamous cells )
▸ Vitamin A deficiency (leads to squamous 
metaplasia of bronchi)
▸ GERD (Barrett’s esophagus, normal 
squamous epithelium->columnar epithelium)
 

Causes of cell injury 

Oxygen deprivation 
(hypoxia&ischemia)

Chemical agents Infectious agents Immunologic reactions 
Autoimmune, allergic,microbes 

Genetic factors Nutritional imbalances Physical agents Aging

Normal cell
Stress

Injurious stimulus 

Adaptation:-
➢hypertrophy
➢atrophy 
➢hyperplasia 
➢metaplasia 
➢dysplasia 

Cell injury

Reversible injury

Inability to adapt 

Irreversible injury

Cell death

Necrosis 

Apoptosis 
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