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Definitions 
1)Homeostasis: 
Cells maintain normal structure and function in response to physiologic  demands. 

2) Cellular Adaptation  
As  cells encounter stresses they undergo functional or structural adaptations to maintain 
viability or homeostasis. 

Adaptive processes: 

Atrophy, 

Hypertrophy, 

Hyperplasia, 

Metaplasia. 

Cell Injury 



 Cell injury 
 If limits of the adaptive response are exceeded or if adaptation not possible, a 

sequence of events called cell injury occurs. 

 Cell injury can be reversible or irreversible 

 a)Reversible cell injury: 

 Removal of stress result in complete restoration of structural and functional 
integrity. 

 b)Irreversible cell injury: 

  If stimulus persists or is sever enough from the start, the cell suffers 
irreversible cell injury and death. 

Definitions 



 

 Refers to an increase in size of cells , resulting in an increase in size of an organ. 

 Can be: 

 Physiologic as during pregnancy  ,the uterus during pregnancy is driven by 

estrogen resulting in increased synthesis of smooth muscle proteins and 
increased cell size. 

 Pathological 
 As in hypertension: 

 When left ventricular hypertrophy occur secondary to increased hemodynamic 
stress or increased workload resulting in increased the demands. 

Hypertrophy 



 Atrophy is reduced size of an organ or tissue resulting from a decrease in cell 
size . 

 Atrophy can be physiological or pathological  

 PHYSIOLOGICAL 

 Some embryonic structures, as the notochord and thyroglossal duct , undergo 
atrophy during fetal development. Also the uterus decreases in size shortly 
after delivery. 

 Pathological  
 Decrease work load: when a fractured bone is immobilized in a plaster cast or 

when a patient is restricted to complete bed rest skeletal muscle atrophy 
rapidly ensues. 

 Loss of innervation  :Damage to the nerves leads to atrophy of the muscle 
fibers supplied by those nerves. 

ATROPHY 



 Hyperplasia is an increase in the number of cells in an organ or tissue, usually 
resulting in increased mass of the organ or tissue. 

 Can be physiological or pathological: 

 Physiological 

 Hormonal hyperplasia is well illustrated by the proliferation  of the glandular 
epithelium of the female breast at puberty and during pregnancy. 

 Also the regeneration of the liver cells after partial hepatectomy. 

 Pathological  

 Hyperplasia caused by excessive hormonal(estrogen) stimulation  as in 
endometrial hyperplasia. 

Hyperplasia 



 Metaplasia is a reversible change in which one differentiated cell (epithelial or 
mesenchymal) is replaced by another cell type. 

 Can be physiological or pathological 

 Physiological  

 As in chronic smokers when the delicate ciliated columnar respiratory epithelium  
is replaced by stratified squamous epithelium  

 Pathological 

 As in Barrett esophagus, in which the esophageal squamous epithelium is replaced 
by intestinal like columnar cells under the influence of reflex gastric acid. Cancer 
may arise in these areas. 

Metaplasia 



1) Oxygen deprivation : Hypoxia is a deficiency of oxygen, which causes cell injury by 
reducing aerobic oxidative respiration. For example  inadequate oxygenation of the blood 
due to cardiorespiratory failure. 

2) Physical agents 
 Physical agents capable of causing cell injury include mechanical trauma, extremes of 
temperature (burns, and deep cold). 

3) Chemical agents and drugs 
 Simple  chemicals such glucose or salt in hypertonic  concentrations may cause cell injury . 

Even oxygen at high concentrations is toxic. 

4) Infectious Agents 
5) Immunological reaction : The immune system serves an important function  in the defense 

against infectious pathogens, but immune reactions may also  cause cell injury. 

6) Genetic derangements: Genetic defects may cause cell injury as in down syndrom and 
in sickle cell anaemia as it caused by a single amino acid subestitution  in the hemoglobin . 

7) Nutritional imbalance: For example excess of cholestrol  predisposes to atherosclerosis 

8) Obesity  is associated  with increased incidence of several  important diseases such as 
diabetes,and cancer. 

Causes of cell injury 



 1) BY Depletion of ATP  

 a ) The  activity of the plasma membrane  energy department sodium pump (Na,K ATPase) is 
reduced. 

 Diminished ATP  concentration and enhanced ATPase activity causes sodium to accumulate 
intracellular and potassium to diffuse out of the cell.isotonic gain of water, causes cell 
swelling and dilation of the endoplasmic reticulum. 

 b) Oxidative phosphorylation ceases and cells rely on glycolysis for energy . Glycogen stores 
are rapidly depleted .accumulation of  lactic acid , and inorganic phosphates from  the 
hydrolysis of  phosphate esters. This  reduces the intracellular PH , resulting in decrease  the 
activity of many cellular enzymes. 

 C) Failure of the  calcium pump leads to influx of calcium which has a damaging effect on  

 Numerous cellular components. 

 d)Detachment of ribosome from the rough endoplasmic reticulum and dissociation of 
polysomes into  monosomes  with a consequent reduction in protein synthesis. 

Mechanisms of cell injury 



 

 2) Mitochondrial damage 
 Mitochondria are important targets for virtually all types of injurious stimuli including 

hypoxia and toxins. 

 Cytosolic  free calcium is normally maintained at very low concentration compared with 
extracellular  Ca+. 

 Most intra cellular Ca+ is sequestered in mitochondria and the endoplasmic reticulum(ER). 

 Ischemia and certain toxins  cause an increase in cytosolic Ca+ concentration . 

 Increased intracellular Ca causes cell injury by several mechanisms: 

 1)The accumulation of Ca+ in mitochondria results in opening of the mitochondrial 
permeability transition pore  which is a high conductance channel and the opening of this 
channel will lead to the loss of mitochondrial  membrane  potential resulting in failure of 
oxidative phosphorylation and progressive depletion  of ATP. 

2)Increased cytosolic Ca+ activates a number of enzymes that affect normal cellular 

functions.Thses enzymes iclude: 

a) phospholipases(which causes membrane damage) b) proteases(which break down both 

membrane  and cytoskeletal proteins), c)endonucleases(which are responsible for DNA and 

chromatin fragmentation), d) ATPase  thereby hastening ATP depletion). 

 



 3) Accumulation of  oxygen derived free radicals.(reactive oxygen 
species). 

 Free radicals  are chemical species that have  a single  unpaired electron in an outer orbit. 

 Reactive oxygen  species  are produced normally  in cells during mitochondrial  respiration 
and energy generation ,but they are removed by cellular defense  systems. 

 The cells are able to maintain a steady state in which free radicals  may be present  at low 
concentrations but do not cause  cell damage. 

 When the production  of ROS(reactive oxygen species) increases, the result is  an  excess of 
these free  radicals, leading to a condition called oxidative stress. 

 Oxidative stress has been implicated in a wide variety of pathologic processes, including  cell 
injury,cancer,aging,and some  degenerative diseases  such as  Alzheimer disease. 

 



 Two features of reversible cell injury can be recognized: 
 Cellular swelling 

 Fatty  change 

 

 Cellular swelling 
 On microscopic examination, small clear vacuoles may be seen within the cytoplasm; 

these represent distended and pinched-off segments of the endoplasmic reticulum( ER ). 

 This pattern of nonlethal injury is sometimes called hydropic change or vacuolar 
degeneration . 

 Grossly: Organ is enlarged , soft, pale with tense capsule and rounded borders.  

 Hydropic degeneration  
 Is a sever form  of cloudy swelling . Cytoplasm  accumulates vacuoles of water. 

 In  the liver , it may be caused by alcohol, viral hepatitis. 

 It occurs in organs rich in mitochondria for example renal tubules, cardiac muscles and 
hepatocytes. 

Morphological  Features  in reversible cell 
injury 



 Fatty Change(steatosis) 
 Is abnormal accumulation of intracellular fat that occurs in parenchymatous 

organs most commonly liver and heart. 

 PATHOGENESIS: 

What are the steps in the pathogenesis of fatty change? 

1)Lipids enter hepatocytes as FFA(Free fatty acid). 

2) FFAs can also be synthesized from acetate. 

3) FFAs are esterified to form triglycerides. 

4)Triglycerides are complexed with apoproteins to form lipoproteins. 

5)Lipoproteins are the only form in which triglycerides can be transported out of hepatocytes. 

6) Lipids are processed by hepatocytes and exported  from hepatocytes. 

7) Accumulation of intracellular lipids can occur due to abnormalities in any of these steps. 

 

  



Fatty Liver 

A) The possible mechanisms leading to 
accumulation of triglycerides in fatty liver. 
Defect in any of the  steps of 
uptake,catabolism,or secretion can result in lipid 
accumulation. 

 

B)Microscopically 

The accumulation of  fat is seen first as small 
vacuoles in the cytoplasm around the nucleus. 
As the process progresses the vacuoles 
coalesce, creating cleared spaces that displace 
the nucleus to the periphery of the cell.  

 

 

 

 

 

A B 



1) Increased fatty acids entry to the liver.(obesity,starvation,and 
cortisone therapy). 

2) Increased fatty acids synthesis in the liver from 
acetate(alcoholism). 

3) Decreased oxidation of fatty acids(hypoxia,anemia,respiratory 
failure). 

4) Increased estrification of fatty acids to 
triglycerides(DM,alcoholism). 

5) Decreased formation of Apo protein( protein mal-
nutrition,alcoholism). 

 

• CAUSES OF FATTY CHANGE IN THE LIVER 



 Definition: 
 With continuing damage the injury becomes irreversible, at which time  the cell cannot 

recover and it dies. 

 There are two types of cell death: 

 1)Necrosis 

 2) Apoptosis 

 Necrosis 
 When damage to the membranes is sever, lysosomal enzymes enter the cytoplasm  and 

digest the cell, and cellular contents leak out 

Irreversible cell injury 



 1) Coagulate necrosis: is the commonest type and is ischemic. 

 It may occur in heart ,kidney, or adrenal glands . 

 In coagulative necrosis ,the architecture of dead tissue is preserved for some days. 

 It may occur due to denaturation of proteins including enzymes. 

 Ischemia  caused by obstruction  in a vessel may lead to coagulative necrosis  of the 
supplied tissue in all organs  except the brain. 

 A localized  area of coagulative necrosis is called an infarct. 

 2) Liquefactive necrosis is  a type of necrosis which results in a transformation  of the 

tissue into a liquid viscous mass  often  associated  with focal bacterial or fungal 
infections.The affected cell is completely digested by hydrolytic enzymes resulting in a soft 
,circumscribed lesion  consisting of pus and fluid. 

 3)Gangrenous necrosis this type is usually applied to a limb generally the lower leg, that 
has lost its blood supply and has undergone necrosis involving multiple tissue planes. 

 When bacterial infection is superimposed there is more liquefactive necrosis because of 
the action of degenerative enzymesin the bacteria and the atrtracted leukocytes giving rise 
to so called wet gangrene. 

Types of necrosis 



4)Caseous necrosis is  seen most often in foci of tuberculous infection . 

The term caseous(cheeselike) is derived from the friable white apperance of the 
area of necrosis. On microscopic examination,the necrotic area appears  as a 
collection of fragmented or lysed cells  and amorphous granular debries enclosed 
within a distinctive inflammatory border, this appearance is characteristic of a 

focus of inflammation known as a granuloma. 

5)Fat necrosis is a term refers to a focal areas of fat destruction ,typically 

resulting from release of activated pncreatic lipases into the substance of the 
pncrease and the peritoneal  cavity. This is typically seen in acute pancreatitis. 

The released lipases split the triglyceride esters contained within fat cells. The  
fatty acids, so derived combine with calcium  to produce  grossly visible chalky –
white areas(fat saponification).On microscopic examination ,the necrosis takes 
the form of foci of shadowy outlines of necrotic fat cells, with basophilic calcium 
deposit surrounded by an inflammatory reaction 

 

 



6)Fibrinoid necrosis 
Is a special form of necrosis usually seen in immune reactions involving blood vessels. 

This pattern of necrosis typically occurs when complexes of antigens and antibodies are 
deposited in the walls of the arteries. Deposits of these immune complexes together with 
fibrin that has leaked out of vessels result in a bright pink and amorphous appearance called  

Fibrinoid . 

 

Fibrnoid reaction 



 Ap0pt0sis is a pathway of  cell death that is induced by a tightly  regulated suicide 

program in which cells destined to die activate enzymes that degrade the cells own nuclear 
DNA and nuclear and cytoplasmic proteins. 

 Characteristic cell changes(morphology) include the following: 

• Blebbing 

• Cell shrinkage 

• Nuclear fragmentation 

• Chromatin condensation 

• Chromosomal DNA fragmentation 

• Global m RNA  decay. 

 

APOPTOSIS 



 Physiologic apoptosis 
• PROGRAMED  destruction of cells during embryogenesis including implantation 

,organogenesis. 

• Death of host cells that have served their useful purpose ;such as neutrophils in an acute 
inflammatory response, and lymphocytes at the end of an immune response . 

• Involution of hormone dependent tissues upon hormone withdrawal, such as endometrial 
cell breakdown during the menstrual cycle, ovarian follicular atresia in menopause, 

 

 Pathologic apoptosis 
DNA damage. Radiation ,cytotoxic anticancer drugs, and hypoxia can damage DNA  so if the 
repair mechanisms cannot cope with the injury the cell triggers the intrinsic mechanisms that  

Induce apoptosis to eliminate  the damage DNA . 

 

 
 

Causes of Apoptosis 



 


