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Introduction to Pathology: 
·  Pathos means suffering and logos 

means study. Literally, Pathology is 
the study of suffering. 

·  Pathology is the bridging discipline 
between basic science and clinical 
practice. 

·  Pathology deals with the structural 
and functional changes in the cells, 
tissues and organs that underlie 
diseases. 

·  Pathology attempts to explain the 
“whys” and “wherefore” of the signs 
and symptoms manifested by the 
patients by the use of molecular, 
microbiologic, immunologic and 
morphologic techniques. 

 
Branches of Pathology: 
Traditionally, the study of pathology is 
divided into 

·  General pathology 
·  Systemic pathology 

 
General Pathology: 
General pathology is concerned with 
basic reactions of cells and tissue to 
abnormal stimuli that underlie all 
diseases. 
 
Systemic Pathology: 
Systemic pathology or special pathology 
deals with the specific responses of 
specialised organs and tissue to more or 
less well defined stimuli. 

Aspects of disease process that forms 
the core of Pathology: 

1. Etiology (cause) 
2. Pathogenesis (mechanisms of 

development of disease) 
3. Morphologic changes (the 

structural alteration) 
4. Clinical significance (functional 

consequences of the morphologic 
changes) 

 
Normal homeostasis: 
Normal cell is confined to a fairly narrow 
range of function and structure by its 
genetic programs of metabolism, 
differentiation and specialisation; by 
constraints of neighbouring cells; and by 
the availability of metabolic substrates. It 
is able to handle normal physiologic 
demands which is called normal 
homeostasis. 
 
Cellular Adaptation: 
In somewhat more physiologic stresses 
and some pathologic stimuli the cell may 
bring about a number of physiologic and 
morphologic changes, in which a new but 
altered steady state is achieved, 
preserving the viability of the cells and 
modulating its function as a response to 
such stimuli. This state is called cellular 
adaptation. Cellular adaptation is state 
between normal and injured cells. 
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Cell injury: 
If the limit of adaptive response to a 
stimulus is exceeded, or in certain 
instances when adaptation is not possible, 
a sequence of events follows, termed as 
cell injury 
 
Cell injury is reversible up to a certain 
point but if the stimulus persists or severe 
enough from the beginning, the cell 
reaches the point of no return and suffers 
irreversible cell injury and cell death. 
Cell death is the ultimate result of cell 
injury.  
 
Reversible cell injury, irreversible cell 
injury, necrosis and apoptosis are 
morphologic patterns of acute cell injury. 
There are other patterns of morphologic 
alteration, such as subcellular alteration, 
which occur largely as a response to more 
chronic or persistent injurious stimuli; 
intracellular accumulation, which occur 
as a result of derangement in the 
metabolism or excessive storage; 
pathologic calcification, a common 
consequences of cell and tissue injury. 
 
Cellular responses to injurious stimuli: 
1. Cellular Adaptation 

·  Atrophy 
·  Hypertrophy 
·  Hyperplasia 
·  Metaplasia 

 
2. Acute cell injury 

·  Reversible cell injury 
·  Cellular swelling 
·  Fatty change 

·  Cell death 
·  Necrosis 
·  Apoptosis 

 
3. Sub-cellular Alteration and cell 

inclusions 

4. Intracellular accumulation 
5. Pathologic calcification.   
 
Cause of Cell injury: 

1. Oxygen deprivation 
2. Physical agents 
3. Chemical agents 
4. Infectious agents 
5. Immunologic reaction 
6. Genetic derangement 
7. Nutritional imbalance 

 
Oxygen deprivation: 
Causes: 
·  Loss of blood supply 
·  Inadequate oxygenation of blood due 

to cardio-respiratory failure. 
·  Anemia 
·  Carbon monoxide poisoning 
 
Physical Agents: 
·  Mechanical trauma 
·  Extreme of temperature 
·  Sudden change in atmospheric 

pressure 
·  Radiation 
·  Electric shock 
 
Chemical Agents: 
 
·  Simple chemical such as glucose or 

salt in hypertonic concentration 
·  Oxygen in high concentration 
·  Poison such as arsenic, cyanide 

mercuric salts etc. 
 
Infectious Agents: 
·  Virus 
·  Rickettesiae 
·  Bacteria 
·  Fungi 
·  Parasite 
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Immunologic Reactions: 
·  Anaphylactic reaction to foreign 

protein or a drug 
·  Reaction to endogenous self- antigens 

(autoimmune disease) 
 
Genetic Derangement: 
·  Down ‘s syndrome 
·  Sickle cell anemia 
·  Inborn error of metabolism etc. 
 
Nutritional imbalance: 
·  Protein Calorie deficiency 
·  Specific vitamin deficiency  
·  Nutritional excess (atherosclerosis, 

obesity etc.) 
 
General Mechanism of Cell Injury and 
Necrosis: 
·  The molecular mechanisms 

responsible for cell injury and cell 
death are complex. 

·  Four intracellular systems are 
vulnerable sites of action of an 
injurious agents: 

1. Maintenance of the integrity of the 
cell membrane, on which ionic and 
osmotic homeostasis of the cell and 
its organelles depends. 

2.  Aerobic respiration involving 
oxidative phosphorilation and 
production of adenosine triphosphate 
(ATP). 

3. Synthesis of enzymatic and structural 
proteins. 

4. Preservation of the integrity of the 
genetic apparatus of the cells. 

 
·  The structural and biochemical 

elements of the cells are so closely 
inter-related that whatever the precise 
point of initial attack injury at one 
locus leads to wide-ranging 
secondary effect. 

·  Morphologic changes of cell injury 
become apparent only after some 
critical biochemical system within the 
cell has been deranged. 

·  Reaction of the cell to injurious 
stimuli depends on the type of injury, 
its duration and its severity. 

·  The type, state and adaptability of the 
injured cell also determine the 
consequence of cell injury. 

·  Many toxins can cause cell injury by 
interfering with endogenous 
substrates or enzymes. Particularly 
vulnerable are glycolysis, citric acid 
cycle and oxidative phosphorilation.   
Cyanide inactivates 
cytochromoxidase and fluoroacetate 
interfere with citric acid cycle both 
resulting in ATP depletion. 

·  Certain anaerobic bacteria such as 
Clostridium perfringers elaborate 
phospholipase, which attack 
phospholipids in cell membranes. 

·  There are 4 biochemical themes that 
appear to be important in the 
mediation of cell injury and cell 
death, whatever the inciting agents: 

 
1. Oxygen and oxygen derived free 

radicals. 
2. Intracellular calcium and loss of 

calcium homeostasis. 
 
3. ATP depletion. 
4. Defect in membrane permeability. 
 
Lack of oxygen underlies the 
pathogenesis of cell injury in ischemia. 
Reduced activated oxygen species are 
important mediators of cell death in many 
pathologic conditions. These free radicals 
cause lipid peroxidation and have other 
deleterious effects on cell structures (Fig-
1).  
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Figure-1. The critical role of oxygen in cell injury. Ischemia causes cell injury by reducing 
cellular oxygen supplies, whereas other stimuli, such as radiation, induce damage via toxic 
activated oxygen species. 
 
Normally concentration of cytosolic free 
calcium is lower than extracellular 
calcium. Such gradient is modulated by 
membrane associated, energy dependent 
Ca++, Mg++-ATPase. Most intracellular 
calcium is sequestered in mitochondria 
and endoplasmic reticulum. Ischemia and 
other toxin cause an early increase in 
cytosolic calcium concentration, owing to 
the net influx of Ca++  across  the plasma 
membrane and release of Ca++   from 
mitochondria and endoplasmic reticulum. 
Sustained rise in cell Ca ++ subsequently 

result from non-specific increase in 
membrane permeability. Increased Ca++ 
in turn activates a number of enzymes 
with potential deleterious cellular effects. 
These enzymes are phospholipase, 
protease, ATPase, and endonucleases. 
Phospholipase promotes membrane 
damage. Protease causes breakdown of 
membrane and cytoskeletal protein. 
ATPase hastens ATP depletion and 
endonucleases are associated with 
chromatin fragmentation (Fig-2). 
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Figure-2. Source and consequences of increased cytosolic calcium in cell injury. ER = 
endoplasmic reticulum. 
 
 
Decreased ATP synthesis is consequence 
of both ischemic and hypoxic injury. 
ATP is required for many synthetic and 
degradative processes within the cells. 
These include membrane transport, 
protein synthesis, lipogenesis and 
deacylation-reacylation reactions 
necessary for phospholipid turnover. 
ATP depletion plays a role in the loss of 
integrity of the plasma membrane that 
characterises cell death. 
 
Early loss of selective membrane 
permeability leading ultimately to overt 
membrane damage is a consistent feature 
of all forms of cell injury. It is the result 
of a series of events involving ATP 
depletion and calcium modulated 
activation of phospholipases. Plasma 
membrane can also be damaged directly 
by certain bacterial toxins, viral proteins, 
lytic complement components, products 

of cytolytic lymphocytes and a number of 
physical and chemical agents. 
 
Common forms of Cell Injury: 

1. Ischemic and hypoxic Injury. 
2. Free radical induced cell injury 
3. Toxic injury 

 
Ischemic and hypoxic injury: 
Sequence of events and ultrastructural 
changes: 
 
Reversible Cell injury: 
·  Hypoxia causes decreased oxygen 

tension within cell leading to loss of 
oxidative phosphorilation by 
mitochondria and generation of ATP 
slows down or stops. 

·  Decrease in cellular ATP and 
associated increase in AMP stimulate 
phosphofructukinase and 
phosphorilase activities resulting 
increased rate of anaerobic glycolysis 
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to maintain cell’s energy source by 
generating ATP from glycogen. 
Glycogen is then rapidly depleted. 
ATP is also generated anaerobically 
from creatine through action of 
creatine kinase. 

·  Glycolysis results in accumulation of 
lactic acid and inorganic phosphate 
from the hydrolysis of phosphate 
esters. This reduces the intracellular 
pH, which cause early clumping of 
nuclear chromatin. 

·  ATP depletion is primarily 
responsible for acute cellular swelling 
caused by an impairment of cell 
volume regulation by the plasma 
membrane. Failure of active 
transport, owing to diminished ATP 
concentration and enhanced ATPase 
activity, causes sodium to accumulate 
intracellularly with diffusion of 
potassium out of the cells. The net 
gain of solute is accompanied by an 
isosmotic gain of water, cell swelling 
and dilatation of endoplasmic 
reticulum. Second cause of cellular 
swelling is the increased intracellular 
osmotic load caused by accumulation 
of catabolites, such as inorganic 
phosphate, lactate, and purine 
nucleosides. 

·  Detachment of ribosome from 
granular endoplasmic reticulum and 
dissociation of polysomes into the 
monosomes occur owing to 
disruption of energy dependent 
interaction between the membrane of 
the endoplasmic reticulum and its 
ribosomes. 

·  Blebs may form at the cell surface. 
Microvilli possessing cells begin to 
lose their normal microvillous 
structures. 

·  “Myelin figures” derived from 
plasma as well as organellar 
membranes may be seen within 

cytoplasm or extracellularly. They 
result from dissociation of 
lipoproteins with unmasking of 
phosphate groups, promoting the 
uptake and intercalation of water 
between the lamellar stacks of 
membrane. 

·  Mitochondria are usually swollen, 
owing to loss of volume control. 
Endoplasmic reticulum remains 
dilated; the entire cell is markedly 
swollen with increased concentration 
of water, sodium, and chloride and 
decreased concentration of potassium.  

 
Up to a certain point all of these 
disturbances are reversible if 
oxygenation is restored. 
 
Irreversible Injury: 
·  If ischemia persists, irreversible 

injury ensues. 
·  There is no universally accepted 

biochemical explanation for the 
transition from reversible injury to 
cell death. 

·  Irreversible cell injury is associated 
morphologically with severe 
vacuolisation of mitochondria 
including thin cristae, extensive 
damage of plasma membranes and 
swelling of lisosomes. 

·  Large, flocculent, amorphous 
densities develop in the mitochondrial 
matrix. 

·  Massive influx of calcium into the 
cell occurs if the ischemic zone is 
reperfused. 

·  There is continued loss of proteins, 
enzymes, co-enzymes, and RNA from 
the hyperpermeable membrane. The 
cell also leaks metabolites, which are 
vital for reconstitution of ATP, thus 
further depleting net intracellular 
high-energy phosphates. 
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·  At this stage, injury to the lysosomal 
membrane followed by leakage of 
their enzymes into cytoplasm and 
activation of their acid hydrolase 
occurs. 

·  Activated lisosomal RNAase, 
DNAase, proteases, Phosphatases, 
glycosidase, and cathepsin lead to 
enzymatic digestion of cell 
components such as 
ribonucleoproteins, 
deoxiribonucleoproteins and 
glycogen. 

·  Following cell death, cell components 
are progressively degraded. There is 
widespread leakage of cellular 
enzymes in the extracellular space 
and entry of extracellular 
macromolecules into the dying cells. 

 
·  Finally dead cells may become 

replaced by large mass composed of 
phospholipids in the form of myelin 

figure. These are then phagositosed 
by other cells or degraded further into 
fatty acid. Calcification of such fatty 
acid residue may occur with the 
formation of calcium soups. 

 
Leakage of intracellular enzyme provides 
important clinical parameters of cell 
death. For example, cardiac muscle 
contains GOT, LDH, CK. Elevated serum 
level of such enzymes ad particularly the 
isoenzyme specific for heart muscle (e.g. 
CK-MB) are valuable clinical criteria of 
myocardial infarction, a locus of cell 
death in heart muscle.  
 
The sequence of morphologic and 
biochemical changes following acute 
hypoxic injury is shown in the figure-3. 

 

 
 
Figure – 3. Sequence of events in ischemic injury. 
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Mechanism of Irreversible Injury: 
·  Two phenomena consistently 

characterises irreversibility: 
 
1. Inability to reverse mitochondrial 

dysfunction on reperfusion or 
reoxygenation leading to ATP 
depletion. 

2. Development of profound 
disturbance in membrane function. 

 
Several biochemical mechanisms may 
contribute to membrane damage: 
 
1. Progressive loss of phospholipids due 

to activation of phospholipase. 
2. Cytoskeletal abnormality involving 

detachment of cell membrane from 
the cytoskeleton, rendering the 
membrane susceptible to stretching 
and rupture. 

3. Reactive oxygen species causing lipid 
peroxidation. 

4. Lipid breakdown products 
(unesterified free fatty acids, 
acylcarnitine, lysophospholipids etc) 
with detergent effect. 

5. Loss of intracellular amino acid due 
to proteases. 

 
Whatever the mechanism of membrane 
injury the resultant loss of membrane 
integrity causes further influx of calcium 
from extracellular space. When, in 
addition, the ischaemic tissue is 
reperfused to some extent, massive influx 
of calcium occurs. Calcium is taken up 
avidly by mitochondria after 
reoxygenation and permanently poisons 
them, inhibits cellular enzymes, 
denatures proteins and causes the 
cytosolic alterations characteristic of 
coagulation necrosis. 
 
 

Summary: 
 
1. Hypoxia affects oxidative 

phosphorilation and hence the 
synthesis of vital ATP supplies. 

2. Membrane damage is critical to the 
development of lethal cell injury 

3. Calcium is an important mediator of 
biochemical and morphological 
alterations leading to cell death. 

 
Free radical Cell Injury: 
·  Free radical induced membrane 

damage is an import mechanism in 
cell injury. 

·  It is the final common pathway of cell 
injury in chemical and radiation, 
oxygen and other gaseous toxicity, 
cellular ageing, microbial killing by 
phagocytic cells, inflammatory 
damage, tumour destruction by 
macrophages etc. 

·  Free radicals are chemical species 
that have a single unpaired electron in 
an outer orbital. In such a state, the 
radical is extremely reactive and 
unstable and enters into reactions 
with inorganic or organic chemical – 
protein, lipid, carbohydrate – 
particularly with key molecules in 
membranes and nucleic acids. 
Moreover, free radical initiates 
autocatalytic reaction whereby 
molecules with which they react are 
themselves converted into free 
radicals to propagate the chain of 
damage. 

·  Free radical formation may be 
initiated within cells by: 

 
1. Absorption of radiant energy 

(ultraviolet light, X-ray). Example, 
ionising radiation can hydrolyse 
water with formation of hydroxyl 
(OH.) and hydrogen (H.) ion.  
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2. Enzymatic metabolism of 
endogenous substances during normal 
metabolic  processes (eg. O.) 

3. Enzymic metabolism of exogenous 
chemicals or drugs (e.g. CCl3

. , a 
product of CCl4). 

4. Transitional metal (copper, iron) 
which donate or accept free electron 
during intracellular reaction and 
catalyse free radical formation 

5. Nitric oxide is converted to form 
reactive peroxynitrite anion. 

 
An unpaired electron can be associated 
with almost any atom, but oxygen, 
carbon and nitrogen centred free radicals 
are greatest biologic relevance.  
 
·  The effects of these reactive species 

are wide-ranging, but 4 reactions 
are particularly relevant to cell 
injury: 

(1) Lipid peroxidation of 
membrane. 

(2) Oxidative modification of 
protein 

(3) Lesion in DNA. 

 
·  After formation of free radicals they 

may spontaneously decay.  For 
example, superoxide is unstable and 
decays spontaneously into oxygen 
and hydrogen peroxide. There are 
enzymatic and non-enzymatic system 
that contribute to termination or 
inactivation of free radical reactions: 

(1) Endogenous or exogenous 
antioxidants such as a) 
vitamin-E  b) sulfhydryl-
containing compounds 
(cystine, glutathione) c) serum 
proteins (albumin, 
ceruloplasmin, transferrin). 

(2) Enzymes a) Superoxide 
dismutase; b) catalase; c) 
glutathione peroxidase. 

 
 
In many pathologic processes, the final 
effects induced by free radicals depend 
on the net balance between free radical 
formation and termination. 

 

 
 
Figure –4. Formation of reactive oxygen species and antioxidant mechanism. 
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Chemical Injury: 
There are two mechanisms in chemicals 
induced cell injury: 
1. Some chemical, mostly water soluble, 

can act directly by combining with 
some critical molecular components 
or cellular organelles. For example, in 
mercuric chloride poisoning, mercury 
binds to the sulfhydryl groups of the 
cell membrane and other proteins, 
causing increased membrane 
permeability and inhibition of 
ATPase dependent transport.  
Cyanide directly poisons 
mitochondrial enzymes. 

2. Most other chemicals, particularly 
lipid soluble toxins, are biologically 
active but must be converted to 
reactive toxic metabolites, which then 
act on target cells. 

Carbon-tetrachloride (CCl4  ) Induced 
Cell Injury : 

Carbon tetrachloride is used widely in 
dry cleaning industry. The toxic effects of 
carbon tetrachloride are due to its 
conversion by P-450 enzyme to the 
highly reactive toxic free radical CCl3 

.   
The CCl3 

.      initiate lipid peroxidation. 
The locally produced free radicals cause 
auto-oxidation of polyenionic fatty acids 
present within the membrane 
phospholipids. 

 

Morphological Types of Cell Injury: 

Reversible cell injury: 

1. Cellular swelling 

2. Fatty change 

 

Irreversible cell injury: 

1. Necrosis 

2. Apoptosis 

Cellular Swelling: 

·  It is the first manifestation of almost 
all forms of injury to cells. 

·  Macroscopically the organ becomes 
pallor, increased turgor and increased 
in weight. 

·  Microscopic features: 

Microvasculature of the organ is 
compressed. Small clear vacuoles 
may appear within the cells, which is 
called hydropic or vacuolar 
degeneration.   

Fatty Change: 

It is manifested by appearance of small or 
large lipid vacuoles in the cytoplasm. It 
occurs in hypoxic and various forms of 
toxic injuries. Fatty change in liver can 
also be a manifestation of intracellular 
accumulation and will be discussed later 
on. 

Necrosis: 

Necrosis refers to a spectrum of 
morphologic changes that follows cell 
death in living tissue, largely resulting 
from the progressive degradative action 
of enzyme on the lethally injured cells. 

Two processes bring about the changes of 
necrosis: 

1. Enzymic digestion of cells. 

2. Denaturation of proteins. 
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When catalytic enzyme is derived from 
lysosomes of the dead cells it is called 
autolysis. When catalytic enzyme is 
derived from lysosome of the immigrant 
leukocytes it is called heterolysis. 

Basic Types of Necrosis: 

1. Coagulative necrosis – due to 
denaturation of proteins. 

2. Liquefaction necrosis – due to 
enzymic digestion of cellular 
structures. 

Morphologic Changes in  Necrotic 
Cells: 

Cytoplasmic Changes: 

·  Cytoplasm shows increased 
eosinophilia due to loss of normal 
basophilia imparted by RNA and 
increased binding of eosin to 
denatured intracytoplasmic proteins. 

·  Cytoplasm may have more glassy 
homogeneous appearance than 
normal cell mainly as a result of loss 
of glycogen particles. 

·  When cytoplasmic organelles are 
digested, it appears moth-eaten. 

·  Finally, dead cells may become 
calcified. 

Nuclear Changes: 

·  Pyknosis – Shrinkage of nuclei and 
increased basophilia.  

·  Karyorrhexis – Nuclei undergo 
fragmentation  

·  Karyolysis – Basophilia of the 
chromatin may fade due to DNAase 
activity. 

With the passes of time (a day or two) 
nuclei totally disappear. 

Morphologic Patterns of Necrosis: 

1. Coagulative Necrosis 

2. Liquefactive Necrosis 

3. Caseation Necrosis 

4. Fat Necrosis 

Coagulative Necrosis: 

Coagulative necrosis is characterised by: 

·  Preservation of basic out line of the 
coagulated cells due to denaturation 
of structural and enzymic proteins 
blocking the proteolysis of the cells. 

·  Coagulative necrosis is the 
characteristics of hypoxic injury 
except brain. 

·  Myocardial infarction is the prime 
example of coagulative necrosis. 

Liquefactive Necrosis: 

·  Results from autolysis or 
heterolysis. 

·  It is characteristic feature of 
bacterial infection because 
bacteria can stimulate 
accumulation of white cells. 

·  For obscure reasons, hypoxic 
death of cells within central 
nervous system often evokes 
liquefactive necrosis. 

Caseation Necrosis: 

·  Is a distinctive form of coagulative 
necrosis encountered most often in 
foci of tubercular infection. The term 
“caseous” is derived from gross 
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appearance (white and cheesy) of the 
area of necrosis. 

·  Histologically the necrotic foci 
appears as amorphous granular 
eosinophilic debris seemingly 
composed of fragmented coagulated 
cells enclosed within a distinctive 
inflammatory border known as 
granulomatous reaction. 

Fat Necrosis: 

Fat necrosis are two types, traumatic and 
enzymatic fat necrosis. Enzymatic fat 
necrosis is a focal area of destruction of 
fat resulting from abnormal release of 
activated pancreatic lipases into 
substance of pancreas and peritoneal 
cavity. This occurs in acute pancreatitis. 
Activated enzyme escapes from acinar 
cells and ducts, liquefy fat cell membrane 
and split triglyceride esters contained 
within fat cells. The released fatty acids 
combine with calcium to produce grossly 
visible chalky white areas. 

Histologically the area shows foci of 
shadowy outline of necrotic fat cells, 
with basophilic calcium deposits, 
surrounded by an inflammatory reaction. 

Gangrenous Necrosis: 

Gangrenous necrosis does not represent a 
distinctive pattern of cell death. The term 
is commonly used in surgical practice. It 
is usually applied to a limb, generally the 
lower leg, which has lost its blood supply 
and has undergone coagulation necrosis.  
When bacterial infection is 
superimposed, coagulation necrosis is 
modified by the liquefaction of the 
bacteria and the attracted leukocytes. It is 
also known as wet gangrene. 

Fate of necrosis: 

·  Disappearance of necrotic cells and 
their debris by combine process of 
enzymic digestion and fragmentation 
with phagocytosis of particulate 
debris by leukocytes. 

·  Calcification of necrotic cells and 
cellular debris if they are not 
promptly destroyed and reabsorbed. 

Apoptosis: 

·  Apoptosis means falling off. The term 
is derived from Greek word. 

·  Apoptosis is a form of cell death 
designed to eliminate unwanted host 
cells through activation of a 
coordinated internally programmed 
series of events effected by a 
dedicated set of gene products. 

·  Apoptosis is a form of cell death 
manifested by characteristic 
chromatin condensation and DNA 
fragmentation. 

·  Apoptosis is responsible for the 
following physiologic and pathologic 
events: 

1. The programmed destruction of 
cells during embryogenesis. 

2. Hormone-dependent involution of 
the adult. 

3. Cell depletion in proliferating cell 
population. 

4.  Cell death in tumours. 

5. Death of immune cells. 

6. Pathologic atrophy of hormone 
dependent tissue. 
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7. Pathologic atrophy of 
parenchymal organs after duct 
obstruction. 

8. Cell death induced by cytotoxic 
T-cells. 

9. Cell death in certain viral 
diseases. 

10. Cell death produced by a variety 
of injurious stimuli. 

Morphology of apoptosis: 

·  Cell shrinkage. 

·  Chromatin condensation. 

·  Formation of cytoplasmic blebs and 
apoptotic bodies. 

·  Phagocytosis of apoptotic cells or 
bodies by adjacent healthy cells, other 
parenchymal cells or macrophages. 

·  Apoptosis involves in single cell or 
small clusters of cells. 

·  Apoptotic cell appears as a round or 
oval mass of intensely eosinophilic 
cytoplasm with dense nuclear 
chromatin fragments. 

·  Apoptosis does not elicit 
inflammation. 

Mechanism of Apoptosis: 

1. Activation of endonuclease, 
stimulated by increased cytosolic 
calcium, which causes DNA 
fragmentation. 

2. Activation of transglutaminase, which 
causes shape and volume change. 

3. Receptor-mediated phagocytosis of 
apoptotic bodies. 

4. In some cases gene transcription and 
protein synthesis are required for the 
induction of apoptosis. This process 
is regulated by a set of genes that are 
involved in normal cell growth and 
differentiation
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Features of necrosis versus apoptosis (Fig-  5): 

 

Figure – 5. Changes in necrosis and apoptosis. 

Points Necrosis Apoptosis 
Stimuli Hypoxia, toxin Physiologic and pathologic 
Histology Cellular swelling, 

coagulation necrosis. 
Disruption of organelles 

Single cell 
Chromatin condensation. 
Apoptotic bodies. 

DNA breakdown Random, diffuse Internucleosomal 
Mechanism ATP depletion 

Membrane injury 
Free radical damage 

Gene activation 
Endonuclease 

Tissue reaction Inflammation No inflammation 
Phagocytosis of apoptotic 
bodies. 

Stress (heat-shock) proteins and cell 
injury : 

Heat shock proteins are present in 
normal cells. They play an important 
role in normal cell metabolism. Two 
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families of such proteins, called Hsp70 
and Hsp60 (also called chaperones or 
chaperonins) are intimately involved in 
intracellular protein folding and 
translocation as well as targeting of 
proteins to their final destination. 
Another protein, ubiquitin is critical to 
protein degradation. 

In response to some injurious stimuli, 
these stress proteins are induced. 
Chaperonin “rescue’ unfolded or 
aggregated polypeptides. Ubiquitin 
facilitate the degradation of protein 
denatured beyond repair, thus protecting 
the cell from further injury. 

Subcellular Alteration: 

Lysosome: 

Lysosomes are involved in breakdown 
of phogocytosed materials in one of two 
ways: 

1. Heterophagy: Materials from 
external environments are taken up 
through the process of endocytosis. 
Uptake of particulate matter is 
known as phagocytosis and that of 
soluble small macromolecules as 
pinocytosis. 

2. Autophagy: Intracellular organelles 
and cytosolic proteins are first 
sequestered from the cytoplasm in 
an autophagic vacuole, which then 
fuses with pre-existing primary 
lysosomes or Golgi elements to 
form an autophagolysosome. 

Induction (hypertrophy) of Smooth 
Endoplasmic Reticulum: 

In response to some injurious stimuli cell 
produces increased volume of smooth 
endoplasmic reticulum. 

Mitochondrial Alterations: 

Mitochondrial dysfunction plays an 
important role in acute cell injury. 
Various alterations in the number, size, 
and shape of mitochondria occur in some 
pathologic condition. 

Cytoskeletal Abnormalities: 

Cytoskeletone consists of microtubules, 
thin actin filaments, thick myosin 
filaments and various classes of 
intermediate filaments. Cytoskeletal 
abnormalities may be reflected by (1) 
defect in cell function or by (2) 
intracellular accumulation of fibrillay 
materials. 

Examples: 

1. Defect of microtubular 
polymerisation in Chidiak-Higashi 
Syndrome causes delayed or 
decreased fusion of lysosome with 
phagolysosomes in leukocytes and 
thus impair phagocytosis of bacteria. 

2. Defect in the organisation of 
microtubules can inhibit sperm 
motility, causing male sterility. It can 
immobilise cilia of respiratory 
epithelium (immotile cilia 
Syndrome) leading to bronchiectasis. 

3. Accumulation of intermediate 
filaments may be seen in Mallory 
body or alcoholic hyaline. It is an 
eosinophic intracytoplasmic 
inclusion in liver cells. 

4. Neurofibrilary tangle found in 
Alzheimer’s disease contains 
microtubules-associated protein and 
neurofilaments. 

Intracellular Accumulations: 
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One of the cellular manifestations of 
metabolic derangement is the 
accumulation of abnormal amount of 
various substances. These are three 
categories: 

1. Normal cellular constituents 
accumulated in excess, such as 
water, lipids, proteins and 
carbohydrates. 

2. An abnormal substance, either 
exogenous or endogenous substance, 
such as a mineral or a product of 
abnormal metabolism. 

3. A pigment or an infectious product. 

Process of intracellular 
Accumulations: 

1. A normal endogenous substance is 
produced at a normal or increased 
rate, but the rate of metabolism is 
inadequate to remove it. 

2. A normal or abnormal endogenous 
substance accumulates because it can 
not be metabolised or is deposited 
intracellularly in amorphous or 
filamentous forms. 

3. An abnormal exogenous substance is 
deposited and accumulated because 
the cell has neither the enzymic 
machinery to degrade the substance 
nor the ability to transport it to other 
site. 

Examples of Intracellular 
Accumulations: 

1. Lipid 

·  Steatosis or Fatty Change 

·  Atherosclerosis 

·  Xanthoma 

·  Cholesterolosis 

·  Lipophage in inflammation and 
fat necrosis. 

2. Protein 
·  Reabsorption droplets in 

proximal renal tubules. 
·  Immunoglobulin in plasma cells 

(Russell bodies) 
·  Alph1 – antitrypsin in liver cells 

3. Carbohydrate 
·  Glycogen storage disease 

(glycogenosis). 
4. Pigments 
Exogenous: 

·  Anthracosis – coal dust 
accumulation in lungs. 

·  Tattooing – localised exogenous 
pigmentation of skin. 

Endogenous: 

·  Lipofuscin 

·  Melanin 

·  Haemosiderin 

Steatosis (Fatty changes): 

Abnormal accumulation of triglyceride 
within parenchymal cells is called 
steatosis or fatty change. It is often seen 
in liver because liver is the major organ 
involved in fat metabolism. It also 
occurs in heart, muscle and kidney. 

The causes of steatosis include toxin, 
protein malnutrition, diabetes mellitus, 
obesity and anoxia. In industrialised 
country the important cause is alcohol 
abuse. 
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Mechanism of fatty Liver: 

Accumulation of triglyceride within the 
liver cell may result from defect in one 

of the events in sequences from fatty 
acid entry to lipoprotein exit (Fig.- 6). 

 

 

Figure –6. Pathogenesis of fatty liver. 

Alcohol alters mitochondrial and 
microsomal function. CCl4 and protein 
malnutrition act by decreased synthesis 
of lipid acceptor proteins. Anoxia 
inhibits fatty acid oxidation. Starvation 
increases adipose tissue mobilisation and 
thus triglyceride synthesis. 

Morphology of Fatty Liver: 

Mild fatty change may not affect gross 
appearance. With progressive 
accumulation the organ enlarges and 
become increasingly yellow. It may 
become bright yellow, soft and greasy in 
extreme instance. Microscopically fatty 
change appears as small fat vacuoles in 
the cytoplasm around the nucleus. 
Vacuoles may coalesce creating cleared 
spaces that displace the nucleus to 

periphery of the cells. Occasionally, 
contiguous cells rupture and enclosed fat 
globules coalesce, producing so-called 
fatty cyst. 

Pathologic Calcification: 

Abnormal deposition of calcium salts, 
together with small amounts of iron, 
magnesium and other mineral salts is 
pathological calcification. 

Types of Pathological Calcification: 

1. Dystrophic calcification 

2. Metastatic calcification 
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Dystrophic calcification: 

·  When pathologic calcification 
occurs in non-viable or dying tissue 
it is known as dystrophic 
calcification. 

·  It encounters in areas of necrosis, 
atherosclerosis, ageing or damaged 
heart valves. 

Metastatic Calcification: 

·  When pathologic calcification 
occurs in vital tissue it is known as 
metastatic calcification. It almost 
always reflects some derangement 
in calcium metabolism leading to 
hypercalcaemia also accentuate 
dystrophic calcification. 

·  The causes of hypercalcaemia 
include hyperparathyroidism, 
Vitamin D intoxication, systemic 
sarcoidosis, milk-alkali syndrome, 
hyperthyroidism, idiopathic 
hypercalcaemia of infancy, 
Addison’s disease, increased bone 
catabolism associated with 
disseminated bone tumours and 
leukaemia, decreased bone 
formation as occurs in 
immobilisation. 

·  It occurs widely throughout the 
body but principally affect the 
interstitial tissue of blood vessels, 
kidneys, lungs and gastric mucosa. 

Pathogenesis: 

Deposition of calcium occurs in the 
crystalline hydroxiappatite form. The 
process has two major phase, initiation 
and propagation. Initiation in the 
extracellular sites occur in membrane 
bound vesicles derived from 

degenerating or ageing cells. Calcium is 
concentrated in the vesicle by its 
affinity for acidic phospholipid, and 
phosphates accumulates as a result of 
action of membrane bound 
phosphatases. Initiation of intracellular 
calcium occurs in mitochondria of dead 
or dying cells that accumulate calcium. 
After mineral initiation in either 
location, propagation of crystal 
formation occurs, depending on 
concentration of Ca++ and PO4   in the 
extra cellular space, presence of mineral 
inhibitor, and the presence of collagen 
and other protein. 

Morphology of Pathologic 
Calcification:  

·  Macroscopically calcium salts 
appear as fine, white granules or 
clumps, often felt as gritty deposits. 
Some times tubercular lymph node 
is virtually converted to stone. 

·  Histologically calcium salts appear 
as basophilic, amorphous granular 
or clumps. It may be intracellular, 
extracellular or both. In the course 
of time, heteroptrophic bone may 
form. On occasion, single necrotic 
cell may constitute seed crystal that 
becomes encrusted by mineral 
deposits. The progressive 
acquisition of outer layers may 
create lamellated configuration 
called psammoma bodies because of 
their resemblance to grains of sand. 

Hyaline Change: 

·  Hyaline change refers to an 
alteration within cells or in the 
extracellular space, which gives a 
homogeneous, glassy, pink 
appearance in routine histologic 
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section stained with haematoxylin 
and eosin. 

·  It is produced by a variety of 
alterations and does not represent a 
specific pattern of accumulation. 

·  Examples: 

a) Intracellular hyaline – 
Reabsorption droplets, 
Russell bodies, Mallory 
alcoholic hyaline. 

b) Extracellular hyaline – 
Amyloidosis. 

*** 

 


