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Causes of Cell Injury: 
 

Hypoxia: it is the main cause of cell injury; 
hypoxia is caused by: 

• Ischaemia due to atherosclerosis or arterial 
occlusion. 

• Inadequate oxygenation as a resultof cardiac 
or pulmonary diseases. 

• Decreased oxygen carrying capacity of RBCs as 
in anaemia or carbon mono-oxide poisoning. 

 



• Infectious agents:  Bacteria, Viruses, Parasites 
and Fungi. 

• Physical agents: as in trauma, heat, cold, 
radiation and electric shock. 

• Chemical agents: acids, alkalies, animal and 
plant poisoning. 

• Immunological reactions. 

• Nutritional deficiencies. 

• Genetic and enzymatic diseases. 

 



Mechanisms of cell injury 
1- ATP depletion mainly caused by hypoxia. 
It is commonly associated with ischaemia and toxic injury. There are 
two pathways for synthesis of ATP molecules.  
 The major pathway in mammalian cells is the oxidative 

phosphorylation of ADP to ATP using oxygen molecules ( aerobic 
pathway).  

 The second one is Glycolytic pathway generating ATP from glucose 
of the body fluids (Glycolysis). This occurs in absence of oxygen as 
in ischaemia, hypoxia, decreased nutrients. 

Tissues with high glycolytic activity as liver can survive in hypoxic 
conditions more efficiently than those with limited glycolysis as brain. 
ATP is essential for all synthetic and degenerative processes in all cells. 
 



Depletion of 5-10% of normal ATP 
levels inside the cell results in marked 
disturbances in cellular functions as 



1- Failure of trans membrane sodium pump: this 
results in influx of sodium and outflux of 
potassium. Sodium influx is associated withentry 
of water with subsequent swelling of the cell 
and its components. 

 

 



• Failure of calcium pump: this results in increase 
calcium concentration inside the cytosol with 
subsequent mitochondrial injury (cell injury). 

• Due to prolonged hypoxia; the cell shifts to anaerobic 
glycolysis with increase lactic acid and inorganic 
phosphate inside the cell decreasing cellular 
PH……..disturbances of many cellular enzymes. 

• Prolonged depletion of ATP leading to structural 
disturbance in protein synthetizing apparatus as 
detachment of ribosomes from RER. 

• Prolonged hypoxia……..causing synthesis of misfolded 
proteins         that stimulate cell injury.  

• Finally; all these cellular disturbances resulting in 
irreversible cell injury.        

 



2- Mitochondrial damage 

Mitochondria is the main factory that supply the 
cell with its demands of ATP. However, it also 
plays an essential role in cell injury and cell 
death. Mitochondria is affected by ATP 
depletion, increased intracellular calcium, 
hypoxia and increase ROS. 

 



• Mitochondria sequester between its outer and 
inner layer some proteins as Cytochrome C 
that stimulate cell death by apoptosis. 

• Formation of high conductance channels 
across the mitochondrial membranes. This 
results in loss of mitochondrial membrane 
potential and failure of oxidative 
phosphorylation with subsequent ATP 
depletion. 

 





3) Defects in membrane permeability. 

4) Formation of oxygen derived free radicals as 
superoxide, hydrogen peroxide. 

5) Increase intracellular calcium: as a result of its 
influx from plasma or release from mitochondria 
and endoplasmic reticulum.  

• Calcium activates the following cellular enzymes: 

• Phospholipases which degrade membrane 
phospholipid. 

• Proteases which break down cellular proteins. 

• ATPase which deplate ATP. 

• Endonucleases which fragment chromatin. 

 



Effects of Cell Injury 



Effects of cell injury depend on type of injured cell and nature 
and severity of injurious agent. 
Reversible cell injury (Degeneration): 
Caused by mild injury or injury for short duration. Active 
parenchymatous cells with high rate of cellular metabolism 
suffer more than supporting stromal cells.reversible cell injury 
include: 
• Acute cellular swelling (cloudy swelling and hydropic change). 
• Fatty change. 
Irreversible cell injury:  
Caused by severe injury or injury for long duration. Damage to 
the nucleus or cell death occur. There are two morphological 
patterns of cell death. 
• Necrosis. 
• Apoptosis.   



Cloudy swelling 
 Reversible cell injury characterized by morphologically by 

swelling of the cells with granularity of their cytoplasm. 
Cellular swelling is due to water accumulation. 
Pathogenesis: injurious agent mainly hypoxia inhibit 
oxidative phosphorylation and ATP formation by the 
mitochondria. Loss of ATP which is the energy source 
causes: 
• Failure of the active cell membrane transport (sodium 

pump)  sodium enter the cell while potassium diffuse 
out of the cell. Accumulation of sodium is followed y 
entry of water. 

• Anaerobic ATP synthesis starts catabolites as lactate 
and inorganic phosphates accumulate and increase 
intracellular osmotic load. 
 



Pathological features 

Organs affected: 

• Highly specialized parenchymatous cells as liver 
cells and cells of renal convoluted tubules and 
cardiac muscles. 

Gross picture: 

• The affected organ appears swollen, soft, 
bloodless and pale due to compression of the 
capillaries by the swollen cells. the borders are 
rounded. The cut surface appears cloudy (less 
glistening), opaque and bulges outwards. 

 



Microscopic picture: 
The cells are swollen due to entry of water. The cytoplasm 
shows innumerable fine red granules. The nucleus is normal. 
The capillaries between the cells are compressed. 
Clinically: 
• Affection of hepatocytes usually doesn't cause significant 

functional changes. 
• Renal affection cause proteinuria due to incomplete 

reabsorption of the filtered proteins by the affected renal 
tubules. 

• Heart affection causes its dilatation and decreased efficiency. 
Fate: cloudy swelling is reversible. Once the injury stops, the 
cell return to normal. However, if the injury continues, the 
cloudy swelling proceeds to hydropic swelling or proceed to 
necrosis. 





Hydropic Swelling 

• Definition: Hydropic swelling (hydropic deneration) is a 
reversible cell injury characterized by excess water 
accumulation inside the cells forming vacuoles in the 
cytoplasm. The lesion is more advanced than cloudy 
swelling. 

• Causes and pathogenesis: similar to cloudy swelling. 

• Microscopic picture: the cells are swollen due to 
excess water accumulation. The cytoplasm is pale and 
shows multiple vacuoles. The nucleus is normal.  

 





Examples of hydropic degeneration are: 
 
• Epidermal cells in burns, urticarial and viral infection 

as small box. 
• Ballooning degeneration of liver cells in viral 

hepatitis and alcohol poisoning. 
• Beta cells of islets of Langerhans early in diabetes 

mellitus. 
• Renal tubules in potassium deficiency caused by 

severe diarrhea.  



Fatty Change 
 

• Definition: reversible pathological 
accumulation of excess neutral in 
parenchymatous cells. 

• Pathogenesis: fat produced by or carried to 
injured cells can't be metabolized due to 
diminished enzyme activity, so it accumulates 
in the cytoplasm. 

 



Causes:  
1. Hypoxia. 
2. Bacterial toxins of acute and chronic infections. 
3. Chemical agents as alcohol, phosphorous and carbon 

tetrachloride. 
Because of importance of liver in fat metabolism, fatty change 
in hepatocytes are also caused by: 
 Excess fat brought to liver as in excess intake of fat and 

charbohydrates, starvation with excess mobilization of fat 
from fat stores. 

 Diseases of liver cells as in viral hepatitis. The diseased cells  
can't metabolize the normal amount of fat reaching it. 

 Deficiency of lipotropic factors which result in accumulation 
of neutral fat inside hepatocytes. 



Gross picture:  
 The affected organ is enlarged and soft in consistency.  
 The capsule is tense.  
 The color is pale yellow.  
 The borders are rounded.  

Cut surface bulges and is greasy on touch. 





Microscopic picture 



• The cells appear swollen and show multiple 
tiny fat globules in the cytoplasm around the 
nucleus. The fat appears as vacuoles in 
paraffin sections (as fat dissolves in xylol). Fat 
globules fuse together forming a big globule 
that pushes and flattens the nucleus against 
the cell membrane giving the cell a signet ring 
appearance. The swollen cells compress the 
intercellular capillaries.  

 



Organs affected 

• Liver; fatty change in liver may be diffuse as in 
sever toxaemia, severe anaemia and chemical 
poisons. Or patchy as in chronic venous 
congestion. 

• Heart; fatty change may be diffuse as in 
diphtheria. Or patchy as in severe and chronic 
anaemia.. 

• Kidney; fat globules are deposited in cells of renal 
convoluted tubulesand ascending loop of Henle's. 
the cortex appear swollen and pale yellow. 

 



Necrosis 
 

• Definition: local death of cells or tissues 
within the living body. Necrosis occurs either 
directly or follows reversible injury. 

• Causes and pathogenesis: 

• Gross picture: 

Necrotic tissue appear opaque and whitish or 
yellowish in color. The surrounding tissue 
appears red due to inflammatory hyperaemia. 

 



• Microscopic picture: 

Immediately after necrosis, dead cells appear 
like living ones. Then a series of changes take 
place rapidly in the structure of the dead cells 
caused by lytic catabolic action of the released 
lysosomal enzymes. The changes are nuclear 
and cytoplasmic. 

 



Nuclear changes:  
Pyknosis: the nuclus shrinks, its chromatin becomes dense 
and it stains darkly. 
Karyorrhexis: the nucleus breaks up into multiple small 
fragements. 
Karyolysis: the nucleus appears to dissolve and fails to take 
the stain due to chromatin hydrolysis. 
Cytoplasmic changes: 
 The cells appear swollen (cytomegaly). 
 In H&E stained sections there is cytoplasmic eosinophilia. 

This is due to loss of RNA with consequent loss os the 
normal cytoplasmic basophilia, also there is increase 
binding of eosin to denaturated cytoplasmic proteins. 

 The cells loose its cell membranes and become indistinct 
from each others. 

 Blue stained calcium deposits appear later on. 





Types of necrosis:  
 Coagulative necrosis: commonly caused by sudden 

cut of the blood supply as in infarcts. Due to cut of 
blood supply, all cellular proteins including lysosomes 
are denaturated, so the necrotic tissue in this type is 
firm. 

Microscopically: early the general architecture of the 
tissue is seen but with no cellular details. Later on, 
dead tissues appears homogenous, structurless and 
stain pink. The blood vessels and fibrous stroma are 
more resistant to the necrosis, so their outlines 
remains for a longer time. 

 



Liquifactive necrosis: the necrotic tissue rapidely liquefied. It 
occurs in the followings: 
 Infarction of brain and spinal cord: due to high lipid and 

water contents. 
 Pyogenic abscess: due to proteolytic enzymes released 

from pus cells and bacteria. 
 Amoebic abscess: due to the action of liquifactive enzymes 

produced by the parasite. 



Caseation necrosis: it is a necrosis followed by slow, 
partial liquefaction.  The caseating material is dry, pale 
yellow resemble casein or cream cheese. 
Microscopically; the caseating area appears structurless, 
granular and pink stained. The most common example of 
caseation is tuberculosis. 





Fat necrosis: it is of two types; 
Traumatic fat necrosis: it occurs as a result of trauma to the 
adipose tissue as trauma to breast of subcutaneous fat. The 
fat cells rupture and self digestion takes place. 
Enzymatic fat necrosis: the commonest example is acute 
hemorrhagic pancreatitis. Lipase escape from ruptured 
pancreatic ducts……. Acts on omentum, mesentry and 
abdominal organs splitting fat into glycerol and faaty acids. 
Glycerol get absorbed in the blod while fatty acids deposit 
with calcium as small dull opaque white patches. 



Fibrinoid necrosis: it is a specific pattern of necrosis 
occur in immunoreaction involving blood vessels. It 
occurs when antigen/antibody complex involve wall of 
blood vessel then fibrin threads leak from the affected 
vessel. Fibrinoid necrosis id seen in vasculitic reaction 
of immunological basis and in old bilharzial 
granulomas. 
 
 
Gangrenous necrosis: this term is used in clinical 
practice. It is not a specific pattern of necrosis. It is a 
subtype of coagulative necrosis superimposed by 
infection. 



Fate of necrosis:  
 
 
Small area of necrosis: part of the necrotic tissue is 
remived by macrophages. The rest gets liquefied and 
drained by lymphatics and veins. Healing occurs by 
regeneration or granulation tissue formation followed by 
fibrosis. 
 
 
Large area of necrosis: get surrounded by a fibrous capsule 
and may show dystrophic calcification later on. 



Apoptosis 

Definition: it is an energy dependent programmed 
cell death. Aiming for removal of aged or unwanted 
individual cell/s. 
• The apoptotic cell fragments down to small 

apoptotic bodies that contain portion of 
cytoplasm and nucleus. 

• The membranes of the apoptotic cells and 
apoptotic bodies are intact but structurally 
altered in a manner they become "tasty" for 
phagocytes that engulf them quickly, so there no 
inflammation. 
 



Morphological and biochemical changes of 
apoptosis: 

 
Morphological Changes: 
• Shrinkage of the cell: the cytoplasm become dense, the organelles 

although relatively normal, but tightly packed together. 
• Chromatin densing: the chromatin become dense and appear as 

clumbs under the nuclear membrane, followed by fragmentation to 
two or more segments. 

• Formation of cytoplasmic plebs: out pouching of the cytoplasmic 
membrane into plebs. Each contain cytoplasm and tightly packed 
organelles with or without nuclear components then formed 
apoptotic bodies that are rapidly removed by phagocytic cells. 

• By H&E, small cell with dense eosinophilic cytoplasm, fragmented 
nucleus without surrounding inflammation. 

 





Biochemical changes: 
 
 Activation of family members of enzymes called 

Caspases involved in apoptosis. 
 DNA and protein breakdown. 
 Alteration in membrane structure that can be 

recognized easily by phagocytes. 



Types of apoptosis: 
 Physiological apoptosis:  

• As in normal cell turn over. 
• During embryonic life, removal of interdigital clefts. 
• Endocrine dependent involution of tissues as shedding 

of endometrium during menstrual cycle and regression 
of lactating breast after weaning. 

• Removal of potentially harmful self-reactive 
lymphocytes. 

Pathological conditions : 
• Reduction of cell number in pathological atrophy due 

to debilitating disease as T.B. or malignancy. 
• Liver cells in viral hepatitis. 
• Cell death by cytotoxic T-lymphocytes. 
• Radiation cell injury. 

 




