
injureCell

Adaptation

Physiologic 
adaptation 

Pathologic 
adaptation

Cause of  
adaptation 

Mechanism of  
adaptation 

Atrophy

Hypertrophy

Hyperplasia

Metaplasia

NOTE: adaptation is reversible until the 
streets isn’t relived.

Hypertrophy

Increased size & functional capacity 

Pure Mixed

Type of  hypertrophy

Only HYPERTROPHY

Happen at cells that 
cannot divide. 
E.x: skeletal muscle, 
cardiac muscle & 
nervous tissue 
[ neurons ].

Both hyperplasia and 
hypertrophy

Happen at cells that can 
divided. 
E.x: smooth muscles of  
uterus

They aim to increase structural proteins and 
organelles to get adapted with stress. 
If  we want increase size of  cell we must increase 
cytoskeletal protein [intermediate filament] and 
mitochondria so we need stimulation of  protein 
synthesis.

Stimulus that cause hypertrophy

hormonal stimulation 

Growth factor stimulation 

increased functional demand 

PATHOLOGIC 
HYPERTROPHY 

PHYSIOLOGIC 
HYPERTROPHY 

hypertension & aortic 
stenosis [cardiac 
muscle].

pregnancy [uterine 
smooth muscle]. 

athletes [skeletal 
muscle]. 

Atrophy

Hyperplasia

Increase in number of  cells

Tissues that have proliferative 

lactation 
[ mammary glands]. 

partial resection of  
the liver 
[ hepatocytes]. 

hyperplasia, estrogen 
induced [ endometrial 
cells & if  don’t take care 
can cause endometrial 
carcinoma].

Benign prostatic 
hyperplasia Androgen 
induced carcinoma 
[ prostate glands]. 

Warts [ caused by 
Human papilloma virus 
(HPV)]. 

Pure Mixed

Only hyperplasia Both hyperplasia and 
hypertrophy

Happen at cells that can 
divided. 
E.x: smooth muscles of  
uterus

Type of  hyperplasia

Type of  stimulus 

Physiologic stimulus Pathologic stimulus 

hormonal stimulation 

Compensatory 

excessive hormonal 
stimulation 

 Viral Infections

It’s fertile soil in which cancers 
may eventually arise 

Pathologic 
hyperplasia 

Physiologic 
hyperplasia 

E.x: cancers

Decrease cell size & function

Mechanism

Decrease protein 
synthesis 

Increase 
degradation 

Increase 
autophagy

The cell start produce 
vesicle [contain protein, 
FA, organelles & 
phospholipid] that fuse 
with lysosome and get its 
content degraded by 
lyases, esterase, protease, 
etc,,, so the cell size 
decrease.

One of  this method is 
ubiquitin-proteasome 
pathway

Inhibit transcription & 
translation.

NOTE: Atrophic cells can still 
function 

Denervation injury[ for all 
type of  tissue glandular 
tissue, muscle tissue, smooth 
muscle, etc]

Diminished blood supply 
(Chronic ischemia) [ for all 
type of  tissue glandular 
tissue, muscle tissue, smooth 
muscle, etc] 

senile atrophy(brain atrophy)  
[ Alzheimer, chronic ischemia 
or previous history of  stroke]. 

Pathologic 
atrophy 

Decreased workload 
(immobilization of  a limb 
after fracture)[ muscle 
tissue ( myocytes )]

Inadequate nutrition

Physiologic 
atrophy 

Loss of  endocrine 
stimulation [Loss of  
hormone stimulation in 
menopause (endometrial 
atrophy)]Loss of  endocrine stimulation 

senile atrophy [aging]

Metaplasia

Change from one cell type to another

Reprogramming of  stem cells NOT differentiated cells 
[we don’t change the existing cells into other type, we 
change the stem cell growth signal so it will give us 
other type than original one].

NOTE: Persistent(continuous) change increases risk 
of  cancer[ not cause cancer, mutation must be occur 
to be cancerous]

Tissue will be less function for their original purpose .

Smoking [ bronchi epithelial 
tissue(ciliated pseudostratified) 
into squamous epithelium].

GERD(Gastroesophageal 
reflux disease)[ squamous 
epithelium will change into 
glandular epithelium].

Pathologic 
metaplasia  

Vitamin A deficiency 
(Malnutrition) [ciliated 
pseudostratified into 
squamous epithelium].

Physiologic 
metaplasia 

NOTE: there is type of  metaplasia  depend on the type of  
cell that changed E.x: 

A. mesenchymal metaplasia like bone metaplasia. 
B. epithelial metaplasia.

CAUSES OF CELL INJURY 

Oxygen Deprivation 

Hypoxia ischemia

decrease in 
oxygen supply

decrease in 
blood supply

Lead to:

1. O2 deprivation in 
the brain [cerebral 
vessel blockage]. 

2. myocardial 
infraction (MI). 

3. General: lack of  
blood so lack of  
oxygen supply 
which inhibit cell 
metabolism[ most 
important one 
energy pathway.

Result from occlusion 
of  an artery by a 
thrombus or a blood 
clot

Reasons: 
1. pulmonary   

hypertension. 
2. emphysema. 
3. obstructive 

pulmonary 
diseases. 

4. General: lung 
disease, alveoli 
trachea, etc.

Chemical Agents 

sugar, drugs, Pesticides, 
insecticides & venoms. 

Infectious Agents 

viruses ,bacteria ,protozoa ,
parasites and worms. 

Immunologic Reactions 

1.  autoimmune. 
2. allergic [E.x: rhinitis, conjunctivitis 

and eczema]. 
3. microbes.

Physical Agents 

E.x: Trauma, extremes of  temperature 
and Electric shock. 

Genetic Factors 

chromosomal abnormalities 
such as: Down syndrome.

single gene mutation lead to 
abnormal enzymatic activity.  

Nutritional Imbalances 

malnutrition excess nutrition

Obesity 

Gout disease

REVERSIBLE INJURY 

Feature  cell and its organelles are swollen 

Cell membrane remains intact & 
there is blebs  

Nucleus is intact and more 
clumped chromatins 

If  the damaging stimulus(stress) is removed, injured cells can 
get back into normal. 

Morphology changes 

Fatty change Cellular swelling

plasma membrane 
alterations (blebbing, 
blunting)

mitochondrial 
change (swelling and 
densities)

dilation of  ER nuclear clumping 
of  chromatin

Cytoplasmic myelin figures

IRREVERSIBLE INJURY (NECROSIS) 

Feature  Irreversible Mitochondrial dysfunction  

Loss of  plasma membrane and intracellular 
membranes[ cellular enzymes leak out]. 

Loss of  DNA and chromatin structural 
integrity.

local inflammation [recruit 
macrophages]

Morphology changes 

Increased cytoplasmic 
eosinophilia

Mitochondrial densities

More myelin figures 
than reversible

Marked dilatation of  
ER , mitochondria

Nuclear changes:

Pyknosis Karyorrhexis Karyolysis 

shrinkage and increased 
basophilia 

fragmentation basophilia fades 
[from DNA lysis]

MORPHOLOGIC PATTERNS OF TISSUE 
NECROSIS (ETIOLOGIC CLUES) 

COAGULATIVE 
NECROSIS 

Conserved tissue 
architecture initially

Anuclear eosinophilic 
on LM

Wedge shaped 
following blood supply 
usually & pales 

Leukocyte lysosomes 
and phagocytosis 
required for clearance

Ischemia to all solid 
organ (infarcts) except 
CNS[brain & spinal 
cord]

LIQUEFACTIVE 
NECROSIS 

Focal infections Bacterial 
and fungal (pus) 

CNS infarcts [brain]

Center liquefies and 
digested tissue is 
removed by phagocytosis 

General keyword: 
1. Brain. 
2. Abscess. 
3. Pancreatitis.

GANGRENOUS 
NECROSIS 

Clinical term 

Dry gangrene 
[ coagulative necrosis]

Wet gangrene 
[ liqefactive necrosis]

General keyword: 
1. diabetic patients 

with atherosclerosis. 
2. Multilayer limb 

necrosis.

CASEOUS 
NECROSIS 

FAT NECROSIS FIBRINOID 
NECROSIS 

Cheese like

Tissue architecture is 
not preserved 

Acellular center 

Usually enclosed in an 
granulomatous inflammatory 
border 

Most often seen in TB 

Occurs in acute 
pancreatitis

Focal fat destruction 

Wedge shaped 
following blood supply 
usually & pales 

Released FA’s 
combine with Ca2+ 
(saponification)

whitish chalky 
appearance 

Shadows of  
necrotic fat cells 

visible by LM 

Deposits of  antigen – antibody 
and fibrin complexes in arterial 
walls 

Seen in vasculitis 

Autoimmune disease

Seen in vasculitis 

may occur in severe 
hypertension




