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Definition:

• Inflammation is a complex reaction to 
injurious agents that consists of vascular 
responses, migration and activation of 
leucocytes, and systemic reactions.
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Beneficial Effects of inflammation:

• Serves to destroy, dilute or wall off the 
injurious agents.

• Heal and reconstitutes the damaged 
tissue

• Checks the infection 
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Harmful Effects of Inflammation:

• Inflammatory reaction may cause 
hypersensitivity reaction to insect bites, drugs 
and toxin.

• Inflammatory reaction underlies some common 
chronic diseases such as rheumatoid arthritis, 
atherosclerosis and lung fibrosis.

• Repair by fibrosis may lead to disfiguring scars 
or fibrous band that may cause intestinal 
obstruction or limit the mobility of joint.
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Components of Inflammatory 
Responses:

•Vascular Reaction
•Cellular Reaction
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Fluid and proteins of plasma, circulating cells, blood vessels and 
cellular and extracellular constituents of connective tissue are involved 

in this reaction.
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Types of Inflammation

• Acute inflammation

• Chronic Inflammation
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Features of acute Inflammation:

• Relatively short duration, lasting minutes, 
several hours or a few days

• Exudation of fluid and plasma protein

• Emigration of leukocytes, predominantly 
neutrophils.
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Microscopic picture of Acute inflammation
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Features of Chronic Inflammation:

• Longer duration

• Histologically associated with presence of 
lymphocytes and macrophages with 
proliferation of blood vessels and 
connective tissue.
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Historical highlights:

• A roman writer of the first century AD, 
Celsus first listed the four cardinal signs of 
inflammation: rubor (redness), tumor 
(swelling), calor (heat) and dolor (pain). A 
fifth clinical sign, functio laesa (loss of 
function) was later added by Vircow. 
These signs were described in Egyptian 
papyrus .
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Gross Appearance of inflammation
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Acute Inflammation:

Three major components:

1. Alteration in vascular calibre that leading to 
increase in blood flow.

2. Structural changes in the microvasculatures 
that permit plasma proteins and leukocytes to 
leave the circulation.

3. Emigration of leukocytes from microcirculation 
and their accumulation in the focus of injury.
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Few terms related to inflammation:

• Exudation: The escape of fluid, proteins 
and blood cells from the vascular system 
into the interstitial tissue or body cavities is 
known as exudation.

• Exudate: An exudate is an inflammatory 
extra vascular fluid that has a high protein 
concentration, much cellular debris and a 
specific gravity above 1.020.

• Transudate: A transudate is a fluid with 
low protein contents and a specific gravity 
of less than 1.012.

• Oedema: An excess of fluid in interstitial 
spaces or serous cavities.

• Pus: Pus is inflammatory exudate rich in 
leukocytes (mostly neutrophils) and 
parenchymal cell debris.
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Differences between exudate and 
transudate:

Exudate Transudate

1. Inflammatory fluid Non-inflammatory fluid

2. Produced by increased 
vascular permeability

Produced by ultra-filtration of plasma due 
to increased hydrostatic pressure. 
Permeability is normal.

3. High protein contents (> 3 
g/dl)

Low protein contents (< 3 g/dl)

4. Specific gravity is more than 
1.020

Specific gravity is less than 1.012

5. Have much cellular debris Less cellular debris
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Responses in Acute Inflammation:

1. Vascular responses
– Changes in vascular flow and calibre 
– Changes in vascular endothelium 

2. Cellular responses
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Changes in vascular flow and 
calibre:

The changes occur in following order:
1. Transient vasoconstriction followed by 

vasodilatation resulting increased blood flow 
causing heat and redness.

2. Slowing of blood circulation due to increased 
permeability of the microvasculatures and 
outpouring protein-rich fluid into the 
extracellular spaces, resulting red cell 
concentration in small vessels reflected by 
presence of dilated small vessels packed with 
red cells. This morphological finding is known 
as stasis.
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3. Peripheral orientation of leukocytes, 
principally neutrophils, along the 
vascular endothelium, known as 
leukocytes margination. Leukocytes 
then stick to the endothelium and 
migrate through the vascular wall 
into the interstitial spaces.
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Increased vascular permeability 
(vascular leakage):

• Increased vascular permeability leading to 
escape of a protein-rich fluid (exudate) 
into the interstitial spaces is the hallmark 
of acute inflammation
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Mechanism of vascular leakage:
• Endothelial cell contraction

– Occurs in venules
– Caused by histamine and  bradykinin

• Endothelial cell retraction (Cytoskeletal reorganisation)
– Occurs in mostly venules and  capillaries
– Caused by 

• Interleukin-1 (IL-1), tumour necrosis factor (TNF) and interferon-�J
(INF-�J).

• Hypoxia

• Direct endothelial cell injury
– Occurs in arterioles, capillaries, and venules.
– Caused by toxins, burns, chemicals and lytic bacterial infection

• Leukocytes-mediated endothelial injury
– Occurs in mostly venules and pulmonary 

capillaries
– Is a late response

• Increased transcytosis
– Occurs in venules
– Caused by VEGF

• Leakage from new blood vessels.
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Cellular events: leukocyte 
extravasations and phagocytosis:

Leukocytes extravasation:
Events:
• Margination
• Rolling
• Adhesion
• Diapedesis
• Migration in interstitial tissues toward a 

chemotactic stimulus.
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• Margination - When blood flow slows early 
in inflammation, white cells fall out of the 
central column and assume a peripheral 
position along the endothelial surface.

• Rolling - Individual and rows of leukocytes 
tumble slowly along the endothelium.
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• Pavementation - The leukocytes adhere transiently and 
finally come to rest at some point where they adhere 
firmly (resembling ‘pebbles’ or marbles over which a 
stream runs without disturbing them). In times the 
endothelium can be lined by white cells. 

• Diapedesis - Following firm adhesion, leukocytes insert 
pseudopods into the junctions between the endothelial 
cells and the basement membrane. Eventually they 
traverse the basement membrane and escape into the 
extracellular space. Neutrophils, monocytes, 
lymphocytes, eosinophils and basophils all use the same 
pathway.
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Adhesion and Transmigration:

• Adhesion and transmigration are determined by 
the binding of complementary adhesion 
molecules on the leukocytes and endothelial 
surface (like a key and lock). Chemical 
mediators (chemo-attractant and certain 
cytokines) affect these processes by modulating 
the surface expression or avidity of such 
adhesion molecules.

• Adhesion molecules belong to the molecular 
families of selectrins, immunoglobulins, integrins 
and mucin-like glycoproteins.
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• The types of emigrating leukocytes vary with the 
age of the inflammatory lesion and the type of 
stimulation. In most of forms of acute 
inflammation, neutrophils predominate in the 
inflammatory infiltrate during the first 6 to 24 
hours. In pseudomonas infection neutrophils 
predominate over 2 to 4 days; in viral infection, 
lymphocytes may be the first cells to arrive; in 
some hypersensitivity reactions, eosinophils may 
be the main cell type
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Chemotaxis:

• After extravasation, leukocytes emigrate in 
tissue toward the site of injury by the 
process of chemotaxis. It is simply defined 
as locomotion oriented along a chemical 
gradient.
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Chemotactic Agents:

Endogenous Chemical Agents:
• Components of complements system, 

particularly C5a 

• Products of the lipoxygenase pathway, mainly 
leucotriene B4.

• Cytokines, particularly those of the IL-8 family.

Exogenous:
• Bacterial products
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Mechanism of Chemotaxis:

• Binding of chemotactic agents to specific receptors on 
the cell membranes of leukocytes results in activation of 
phospholipase C, leading to the hydrolysis of 
phosphatidylinositol-biphosphate (PIP2), to inositol 
triphosphate (IP3) and diacylglycerol (DAG), and release 
of calcium, first from intracellular stores and 
subsequently from the influx of extracellular calcium. It is 
the increased calcium that triggers the assembly of 
contractile elements responsible for cell movement.

• Leukocytes move by extending pseudopodia that pulls 
the remainder of the cell in the direction of extension.
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Leukocyte Activation:

Many chemotactic factors induce leukocyte 
activation. Such response include:
– Production of Arachidonic acid metabolites from 

phospholipids, owing to activation of phospholipase 
A2 by DAG and increased intracellular calcium.

– Degranulation and secretion of lysosomal enzymes 
and activation of oxidative burst. These two 
processes are induced by DAG-mediated activation of 
protein kinase.

• Modulation of leukocyte adhesion molecules:
Certain chemotactic agents cause increased 
surface expression and increased adhesive 
avidity of the Lymphocyte function-associated 
antigen 1 (LFA-1) integrin, allowing firm 
adhesion of activated neutrophils to Intercellular 
Adhesion Molecule 1(ICAM-1) on endothelium.
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Phagocytosis:

Phagocytosis involves three inter-related 
steps:

1. Recognition and attachment of the 
particles to be ingested by the 
leukocytes.

2. Its engulfment with subsequent formation 
of phagocytic vacuoles.

3. Killing or degradation of the ingested 
material.
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Recognition and attachment:
• Neutrophils and macrophages can engulf bacteria or extraneous 

matter in absence of serum. However, most microorganisms are not 
recognized until they are coated by naturally occurring factors called 
opsonins, which bind to specific receptors on the leukocytes. The 
two major opsonins are
– The Fc fragment of immunoglobulin G (IgG), presumably 

naturally occurring antibody against the ingested particle 
– C3b, generated by activation of complement by immune 

mechanism.
– Collectins, carbohydrate-binding proteins of plasma, which bind 

to microbial cell walls and are involved in innate immunity. 
• The corresponding receptors on leukocytes are Fc�JR, which 

recognise the Fc fragment of IgG; complement receptors 1, 2 and 3, 
which interact with C3b and C3Bi; and C1q  receptors, which bind to 
the collectins.

5/2/2020 www.talukderbd.com   Sadequel 
Talukder

35

Engulfment:
• Binding of the opsonized particle to the Fc�JR is sufficient   

to trigger engulfment, which is markedly enhanced by the 
presence of complement receptors. 

• Binding to the C3 receptors alone requires activation of 
such receptors before engulfment. Such activation is 
accomplished by simultaneous binding to extracellular 
fibronectin and laminin or by certain cytokines. 

• During engulfment, extension of cytoplasm 
(pseudopods) flow around the object to be engulfed, 
eventually resulting in complete enclosure of the particle 
within a phagosome created by the cytoplasmic 
membrane of the cell. The limiting membrane of this 
phagocytic vacuole then fuses with the limiting 
membrane of a lysosomal granule, resulting in discharge 
of the granule’s contents into the phagolysosome.
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Killing or Degradation:

Oxygen dependant mechanism –

• Bacterial killing is accomplished mostly by oxygen 
dependent mechanisms. Phagocytosis stimulates a burst 
in oxygen consumption, glycogenolysis, increase 
glucose oxidation and production of reactive oxygen 
metabolites. 

• Reactive oxygen metabolites with the help of 
myeloperoxidase destroy bacteria by halogenations or 
by oxidation of proteins and lipids. A similar mechanism 
is also effective against fungi, virus, protozoa and 
helminths.
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Oxygen Independent mechanism-

• Bacterial permeability increasing protein (BPI) 
causes phospholipase activation, phospholipid 
degradation and increased permeability in the 
outer membrane of the microorganisms. 
Lysozyme, lactoferrin, major basic proteins have 
bactericidal activity.

• After killing, acid hydrolases found in the 
azurophil granules degrade the bacteria within 
phagolysosomes.
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Phagocytosis
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Release of Leukocyte Products and 
Leukocyte-induced Tissue Injury:

• The metabolic and membrane perturbation 
during chemotaxis and phagocytosis result in the 
release of products within the phagolysosomes 
and potentially into the extracellular spaces.

• The most important of the substances are:
– Lysosomal enzyme, present in granules;

– Oxygen derived active metabolites; and 

– Products of arachidonic acid metabolism, including 
prostaglandins and leucotrienes.
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Mechanism of Release:
• Regurgitation during feeding –Release may occur if the 

phagocytic vacuoles remain transiently open to the out 
side before complete closer of the phagolysosome.

• Frustrated phagocytosis –Potentially ingestible 
material on flat surface when attach to the leukocytes 
triggers membrane movement, but because of the flat 
surface phagocytosis does not occur and lysosomal 
enzymes are released into the medium.

• Cytotoxic release –Occurs after phagocytosis of 
potentially membranolytic substances, such as urate 
crystals.

• Exocytosis –Certain granules, particularly the specific 
granules of neutrophils, may be directly secreted by 
exocytosis
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Defects in Leucocyte Function

• Defects in leucocyte adhesion
– Genetic deficiencies in leucocyte adhesion molecules
– Characterized by recurrent  bacterial infection and impaired wound 

healing
• Defects in phagolysosome function

– Chediak-Higashi syndrome, an autosomal recessive condition 
characterized by neutropenia, defective degranulation and delayed 
microbial killing.

– There is reduced transfer of lysosomal enzymes to phagocytic vacuoles.
• Defect in microcidal activity

– Recurrent bacterial infection
• Bone marrow suppression

– Radiation
– Chemotherapy
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Chemical Mediators of 
Inflammation:

Cell Derived:
• Preformed:

– Histamine
– Serotonin
– Lysosomal enzyme

• Newly Synthesized:
– Prostaglandins
– Leucotrienes
– Platelets activating 

factors
– Activated oxygen species
– Nitric oxide
– Cytokines

Plasma Derived:
• Factor XII (Hageman factor) 

Activation:
– Bradykinin (Kinin system)

– Fibrin degradation product 
(Coagulation/fibrinolysis 
system)

• Complement Activation:

– C3a

– C5a
– C5b-9
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Major Sources of Chemical 
Mediators

• Histamine –Mast Cells, Platelets.
• Serotonin –Platelets, Mast cells.
• Lysosomal enzyme –Neutrophils, Macrophages
• Prostaglandins –All types of leukocytes, 

Platelets, Endothelial cells.
• Leucotrienes –All leukocytes.
• Platelet activating factor –All leukocytes, 

Endothelial cells.
• Cytokines –Macrophages, Endothelium.
• Nitric oxide- Macrophage, Endothelium.
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General Principle and Highlight of 
Some Important Mediators:

• Mediators originate either from plasma or from cells.
• Most mediators perform their biological activity by initially 

binding to specific receptors on target cells. Some have 
direct enzymatic activity.

• A chemical mediator can stimulate the release of 
mediators by target cells themselves.

• Mediator can act on one or few target cell types, have 
widespread target or may even have different effects.

• Most mediators are short lived. There is a system of 
check and balance in the regulation of mediator action.

• Most mediators have harmful effects.
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Some Important Chemical 
Mediators:

Vasoactive Amines:
• Histamine
• Serotonin
Histamine:
• Source –Mast cells, basophils and platelets.
• Stimuli- physical injury, immune reaction, C3a, C5a, 

histamine-releasing proteins derived from leukocytes, 
neuropeptides and cytokines interleukin-1 and 
interleukin-8.

• Actions: Dilatation of arterioles, increase vascular 
permeability and constriction of large arteries. It acts on 
microcirculation mainly via H1-receptors.
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Serotonin:

• Source –Platelets, enterochromaffin cells.
• Function –Dilatation of arterioles, increase 

vascular permeability and constriction of 
large arteries.

• Stimuli –Platelet aggregation.

5/2/2020 www.talukderbd.com   Sadequel 
Talukder

47

Plasma Proteins Derived Chemical Mediators:

– Complement system
– Kinin system
– Clotting system
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The Complement System:

• The complement system composed of 20 
component proteins, which are found in 
plasma.

• Components of complement are 
elaborated by the process of activation.

• Components of complement cause 
increased vascular permeability, 
chemotaxis and opsonization.
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The activation and regulation of the complement system:
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• C5a and C3a causes increase 
vascular permeability and 
vasodilatation mainly by releasing 
histamine from mast cells.

• C5a also activate the lipoxygenase 
pathway of arachidonic acid 
metabolism in neutrophils and 
monocytes, causing further release of 
inflammatory mediators.
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• C5a 
– powerful chemotactic agent for neutrophils, 

monocytes, eosinophils and basophils. 
– increases the adhesion of leukocytes to 

endothelium by activating the leukocytes. 
– increases the avidity of surface integrins to 

their endothelial ligand.
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• C3b and C3bi act as opsonin and favour 
phagocytosis by neutrophils and 
macrophages, which bear cell surface 
receptors for C3b.
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The Kinin System:

• The kinin system directly triggered by 
contact activation of Hageman factor.

• Bradykinin 
– increases vascular permeability. 
– causes contraction of smooth muscle, 

dilatation of blood vessels, and pain when 
injected into the skin.

– acts as co-factor or catalyst in the activation of 
Hageman factor.
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The cascade of production of kinins:
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Clotting System:

• Fibrinopeptides cause increased vascular 
permeability and chemotactic activity for 
leukocytes. 

• Thrombin causes leukocytes adhesion and 
fibroblast proliferation.

• Plasmin cleaves fibrin clot to form “fibrin split 
product”. 

• Plasmin cleaves C3 to produce C3 fragments. 
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Arachidonic Acid Metabolites (Ecosanoids):

•Arachidonic acid is a 20-carbon 
polyunsaturated fatty acid that is derived from 
dietary sources or by conversion from the 
essential fatty acid linoleic acid.
•It does not occur free in the cell but is 
normally esterified in membrane 
phospholipids. 
•It is released from membrane phospholipid
through the action of cellular phospholipase
(e.g. Phospholipase A2).
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• Phospholipase A2 may be activated by 
mechanical , chemical and physical stimuli 
or by other mediators (e.g. C5a).

• Biochemical signals involved in the 
activation of phospholipase A2 include an 
increase in cytoplasmic Ca2+ and 
activation of various kinases in response 
to external stimuli.
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• Ecosanoids are synthesized by two major 
classes of enzymes: cyclooxygenases
(prostaglandins and thromboxanes) and 
lipoxygenases (leukotrienes and lipoxin).

• Ecosanoids binds to G protein-coupled 
receptors on many cell types and can 
mediate virtually every steps of 
inflammation.
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Actions of arachidonic acid 
metabolites:

Action Metabolites

1
.

Vasoconstriction Thromboxane A2, leucotrienes
C4, D4, E4

2
.

Vasodilatation PGI2, PGE1, PGE2, PGD2

3
.

Increased vascular 
permeability

LeucotrienesC4, D4, E4

4
.

Chemotaxis Leucotriene B4, HETE,
lipoxins
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Generation of arachidonic acid metabolites and their roles in 
inflammation:
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Platelet- activating Factor (PAF): 
• Source:

– PAF is synthesised from membrane phospholipids by 
the action of phospholipases (PLA2). 

– Elaborated by basophils, neutrophils, monocytes and 
endothelial cells.

• Action:
– Vasoconstriction
– Bronchoconstriction
– At extremely low concentrations it induces 

vasodilatation and increased venular permeability
– Increases leukocyte adhesion to endothelium, 

chemotaxis, degranulation and oxidative burst.
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Cytokines:
• Cytokines are polypeptides
• Produced by

– Many cells type but principally activated lymphocytes and 
macrophages that modulate the function of other cell types. 

• The main cytokines that mediate inflammation are 
– IL-1, 
– TNF (�Dand �E) and 
– IL-8 family.

• Action:
– IL-1 and TNF share many biologic properties. IL-1 and TNF-�D

are produced by activated macrophages; TNF by activated T-
cells and IL-1 by many other cell types. Their secretion can be 
stimulated by endotoxin, immune complexes, toxins, physical 
injury and varieties of inflammatory processes.

5/2/2020 www.talukderbd.com   Sadequel 
Talukder

63

Major effects of IL-1 and TNF in 
Inflammation:

• Acute Phase Reactions
– Fever
– Increase sleep
– Decrease appetite
– Increase acute phase proteins
– Shock
– Neutrophilia

• Endothelial Effects:
– Increase leukocyte adhesion
– Increase PGI synthesis
– Increase procoagulant activity
– IL-1, IL-8, IL-6, and PDGF

• Fibroblast Effect:
– Increase proliferation
– Increase collagen synthesis
– Increase collagenase
– Increase protease
– Increase PGE synthesis
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Nitric Oxide (NO):
• NO is a soluble free radical gas produced by endothelial 

cells, macrophages and specific neuron in the brain.
• Synthesised from

– �D-arginine, molecular oxygen and NADPH by the enzyme nitric 
oxide synthestase.

• Nitric oxide synthestase can be activated by an increase 
in cytoplasmic calcium ions in the presence of 
calmodulin in endothelium and neuron. Influx of calcium 
in these cells leads to a rapid production of NO. In 
macrophages NOS is induced, when cytokines or other 
agents activate it.

• Effects:
– Vascular smooth muscle relaxation.
– Reduces platelets aggregation and adhesion.
– Cytotoxic to certain microbes and tumour cells.
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Lysosomal constituents of 
leukocytes:

• Neutrophils and monocytes contain lysosomal granules.
• The smaller specific (or secondary) granules of neutrophil contain 

lactoferin, lysozyme, alkaline phosphatase, components of NADPH 
oxidase, integrin and collagenase. Large agurophil granules (or 
primary) of neutrophils contain myeloperoxidase (MPO), bactericidal 
factors (lysozyme, defensins), acid hydrolases and a variety of 
neutral protease (elastase, non-specific collagenase, proteinase 3).

• Acid phosphatase degrades protein at an acid pH. They degrade 
bacteria and debris within phago lysosome.

• Neutral proteases are capable of degrading various extracellalar 
components. These enzymes can attack collages, basement 
membrane, fibrin, elastin and cartilage. It also can cleave C3 and C5 
directly releasing anaphylatoxin and release kinin like peptide from 
kininogen.
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Oxygen-derived free radicals:

• These metabolites may be released 
extracellularly from leukocytes after 
exposure to chemotactic agents, immune 
complexes or a phagocytic challenge.

• Effects:
– Endothelial cell damage, with resultant 

increase vascular permeability.
– Inactivation of antiprotease.
– Injury to other cell types.
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Other Mediators:

• Neuropeptides, such as substance P 
cause vasodilatation and increased 
vascular permeabibility, and enhance 
neutrophil adhesion and chemotaxis.

• Growth factor (PDGF, TGF-�E) may be 
chemotactic to leukocytes and 
mesenchymal cells.
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Role of Mediators in Different Reactions of Inflammation:
• Vasodilatation

– Prostaglandins
– Nitric oxide
– Histamine

• Increased vascular permeability
– Vasoactive amines (Histamine, serotonin)
– C3a and C5a
– Bradykinin
– Leucotrienes C4, D4, E4.
– PAF
– Substance P
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• Chemotaxis, leucocytes recruitment and 
activation:

– C5a
– Leucotriene B4
– Chemokines IL-1, TNF
– Bacterial products

• Fever
– IL-1,  TNF
– Prostaglandins
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• Pain
– Prostaglandin
– Bradykinin

• Tissue Damage
– Neutrophil and macrophages lysosomal

enzymes
– Oxygen derived metabolites
– Nitric oxide
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Morphological Patterns in Acute and 
Chronic Inflammation:

• Serous inflammation –Peritoneum, pleura, 
pericardium, skin in viral infection and 
burn.

• Fibrinous inflammation –Pericarditis and 
pleura.

• Suppurative or purulent inflammation –
Acute appendicitis, abscess etc.
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Abscess:

Abscess is a focal localised collection of 
purulent inflammatory tissue caused by 
suppuration buried in a tissue, an organ or 
a confined space. It is produced by deep 
seedling of pyogenic bacteria into a tissue.
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Ulcer:
An ulcer is a local defect or excavation of the 
surface of an organ or tissue that is produced by 
the sloughing of inflammatory necrotic tissue. 
During the acute stage, there is intense 
polymorphonuclear infiltration and vascular 
dilatation in the margin of the defect. With 
chronicity, the margin and the base of the ulcer 
develop fibroblastic proliferation, scarring and 
the accumulation of lymphocytes, macrophages 
and plasma cells.
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Outcomes (fate) of acute 
inflammation:

• Complete resolution.

• Healing by connective tissue 
replacement.

• Abscess formation.
• Chronic inflammation.
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Chronic Inflammation
Chronic inflammation occurs under the following settings:
• Persistent infection by certain microorganisms:

– Example –tubercle bacilli, Treponema pellidum and certain fungi.
– These organisms are of low toxicity and evoke delayed type 

hypersensitivity reaction.
– The inflammatory response sometimes takes a specific pattern 

called a granulomatous reaction.
• Prolonged exposure to potentially toxic agents, either 

exogenous or endogenous.
– Example –Nondegradable inanimate material such as a 

particulate silica inhaled for a prolonged period that results in a 
lung inflammatory disease called silicosis. Plasma lipid 
components if chronically elevated induce atherosclerosis.

• Autoimmune disease:
– Autoantigens evoke self-perpetuating immune reactions that 

result in several common chronic inflammatory diseases such as 
rheumatoid arthritis and lupus erythematosus.
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Features of Chronic Inflammation:

• Infiltration with mononuclear cells such as 
macrophages, lymphocytes and plasma 
cells, which reflex a persistent reaction to 
injury.

• Tissue destruction, largely induced by the 
inflammatory cells.

• Attempt at repair by connective tissue 
replacement, mainly proliferation of small 
blood vessels (angiogenesis) and fibrosis.
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Mononuclear Cellular Infiltration:

Macrophages:
• Macrophages are components of mononuclear phagocytic system 

(MPS), previously known as reticuloendothelial system.
• MPS consists of blood monocytes and tissue macrophages. Tissue 

macrophages are diffusely scattered in the connective tissue or 
clustered in organ such as the liver (Kuffer’s cells), spleen 
(histiocytes), lymph node (histiocytes) and lungs (alveolar 
macrophages).

• All mononuclear phagocytic cells arise from common precursor in 
the bone marrow, which give rise to blood monocytes. From the 
blood monocytes migrate into various tissue and transform into 
macrophages.

• The half-life of blood monocytes is about one day, whereas the life 
span of tissue macrophages is several months.
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• Monocytes begin to emigrate relatively early in acute 
inflammation and within 48 hours they constitute the 
predominant cell type.

• When monocytes reach the extravascular tissue it 
undergoes transformation into a larger phagocytic cell 
called macrophage.

• Macrophage can perform phagocytosis and have 
potential of being “activated”. Activation is a process that 
results in an increase in cell size; increased levels of 
lysosomal enzymes, more active metabolism and greater 
ability to phagocytose and kill ingested microbes.

• Activation signals include cytokine secreted by 
sensitised T-lymphocytes, bacterial endotoxin, other 
chemicals and ECM proteins.

• Following activation macrophage secrete a wide variety 
of biologically active products that are important 
mediators of tissue destruction, vascular proliferation 
and fibrosis. 
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Products of Macrophage:
• Enzymes:

– Neutral Proteases
• Elastase
• Collagenase
• Plasminogen activator

– Acid Hydrolase
• Phosphatase
• Lipase

• Plasma Proteins:
– Complement components
– Coagulation factors

• Reactive metabolites of oxygen
• Ecosanoids
• Cytokines (IL-1, TNF, Il-8)
• Growth factors (PDGF, EGF, TGF- �E).
• Nitric oxide
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Macrophage Product Involved in 
Tissue Destruction:

• Toxic Oxygen Metabolites

• Proteases
• Neutrophil chemotactic factors
• Coagulation factors

• Arachidonic acid metabolites
• Nitric oxide
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Macrophage Product Involved in 
Fibrosis:

• Growth factors

• Fibrogenic cytokines
• Angiogenic cytokines
• Remodelling collagen 
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Mechanism of Accumulation of 
Macrophages:

• Continued recruitment of monocytes 
from the circulation.

• Local proliferation of macrophages.

• Immobilization of macrophages.
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Lymphocytes:

• Lymphocytes are mobilized in both antibody-
and cell-mediated immune reaction, and also in 
non-immune mediated inflammation.

• Lymphocytes can be activated by contact with 
an antigen.

• Activated lymphocyte produces lymphokines of 
which IFN-�Jis a major stimulator of monocytes 
and macrophages. Monokines from activated 
macrophages activate lymphoctes, which 
themselves also produce inflammatory 
mediators –setting the stage for persistence of 
the inflammatory response.
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Plasma Cells:

• Plasma cells produce antibody directed 
either against persistent antigen in the 
inflammatory site or against altered tissue 
components.
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Eosinophils:

• Eosinophils are characteristic infiltrates of 
immune reaction mediated by IgE and of 
parasitic infestation.

• They use adhesion molecules and chemotactic 
agents derived from mast cell, lymphocytes or 
macrophages to exit the blood.

• Are phagocytic and undergo activated.
• Major basic proteins produced by eosinophils 

are toxic to parasites and cause lysis of mammal 
epithelial cells.
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Granulomatous Inflammation:

• Granulomatous Inflammation: This is a distinct pattern of 
chronic inflammatory reaction in which the predominant 
cell type is an epithelioid cell, such as tuberculosis, 
syphilis, leprosy, sarcoidosis, cat-scratch disease, 
lymphogranuloma inguinale, brucellosis, beryllosis and 
reaction to irritant lipid.

• Granuloma: Granuloma is focal collections of epithelioid 
cells, surrounded by a collar of mononuclear leukocytes, 
principally lymphocytes and occasionally plasma cells. 
The older granuloma develops an enclosing rim of 
fibroblasts and connective tissue. Frequently epithelioid 
cells fuse to form giant cells in the periphery or some 
times in the centre of granulomas.
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Epithelioid Cells:

• Epithelioid cells are epithelium-like modified 
macrophages found in granulomatous 
inflammation. 

• They have a pale–pink granular cytoplasm with 
indistinct cell boundaries, often appearing to 
merge into one another.  

• The nucleus is less dense than of a lymphocyte 
(vesicular), is oval or elongated and may shows 
folding of the nuclear membrane.
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Giant Cells:

• Giant cells may attain diameter of 40 to 50 
micrometer. They comprise a large mass 
of cytoplasm containing 20 or more small 
nuclei arranged either peripherally 
(Langhans-type giant cells) or haphazardly 
(Foreign body-type giant cells). 

• They are formed by fusion of epithelioid 
cells.
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Types of Granulomas:

• Immune granuloma

• Foreign body granuloma
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Immune Granuloma:

• Two factors determine the formation of 
formation of immune granulomas.

• Presence of indigestible particles or organism 
(e.g., the tubercle bacillus).

• T-cell mediated immunity to the inciting 
agents.

• Products of activated T lymphocytes 
principally IFN are important in transforming 
macrophages into epithelioid cells and 
multinucleated giant cells.
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Tubercle:

• In tuberculosis, the granuloma is referred 
to as tubercle. 

• It is characterised by the presence of 
central caseation necrosis, surrounded by 
epithelioid cells, fibroblast and 
lymphocytes, and presence of Langhans-
type giant cells.
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Tubercular granuloma
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Non-caseating granuloma
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Sarcoidosis
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Lymphatic in Inflammation:
• Lymph flow in inflammation is increased and helps draining the 

oedema fluid from the extravascular space. As the junctions of 
lymphatics are loose, lymphatic fluid eventually equilibrates with 
extravascular fluid.  Leukocytes and cell debris also finds their 
ways into lymph.

• In severe injuries, the drainage may transport the offending agent. 
Lymphatics may be secondarily inflamed (lymphangitis), as may 
the draining lymph node (lymphadenitis).

• The nodal enlargement is usually caused by hyperplasia of the 
lymphoid follicles and also by hyperplasia of phagocytic cells 
lining the sinuses of the lymph nodes. Then the nodal histologic 
change is termed reactive or inflammatory lymphadenitis.
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• In some instances lymphatics causes spread 
of infection and organism may gain access to 
vascular circulation, thus inducing a 
bacteraemia.

• The phagocytic cells of the liver, spleen and 
bone marrow constitute the next line of 
defence. But in the massive infections, bacteria 
seed distant tissues of the body. The heart 
valves, meninges, kidneys and joints are 
favoured sites of implantation for blood-borne 
organisms, an in such a fashion endocarditis, 
meningitis, renal abscess, and septic arthritis 
may develop.
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Systemic Effects of Inflammation:

• Fever
• Acute phase reactions

– Somnolonence
– Anorexia
– Malaise
– Hypotension 
– Increased pulse 
– Rigors (shivering)
– Chills (search for warmth)

• Synthesis of acute-phase proteins by the liver including 
C-reactive protein (CRP), serum amyloid A (SAA), 
serum amyloid P (SAP), comple

• A variety of changes in peripheral leukocytes
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• The principal manifestation of fever is an elevation of 
body temperature, usually by 1 to 4oC.

• Cytokines play a role in signalling a fever. IL1-1, IL-6, 
and TNF are produced by leukocytes in response to 
infectious agent or immunologic reactions and are 
released into circulation.

• Peripheral cytokines signal the brain through four 
mechanisms to cause fever:
– They can enter the brain through regions lacking blood-brain 

barrier
– They can cross blood-brain barrier by specific transport 

mechanism.
– They can transmit a signal to the brain via the vagus nerve

• They can activate brain vasculature stimulating release 
of mediators such as prostaglandins (PGE), NO, or 
cytokines (IL-1�E), which act brain parenchymal cells.
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• Leucocytosis –Leucocytosis is a common 
feature of inflammation, especially those induced 
by bacterial infection. The leucocytosis occurs 
initially due to accelerated release of cells from 
the bone marrow post mitotic reserve pool 
(caused by IL-1 and TNF). Prolonged infection 
also induces proliferation of precursors in the 
bone marrow, caused by increased production of 
CSFs.
– Most bacteria infection induces neutrophilia.
– Infectious mononucleosis, mums and German 

measles produce lymphocytosis.
– Bronchial asthma, hay fever and parasitic infestations 

induce eosinophilia.
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• Leucopenia - Typhoid fever and infection 
caused by viruses, rickettsiae, and certain 
protozoa are associated with leucopenia. 
Leucopenia is also encountered in 
overwhelm patients debilitated by 
disseminated cancer or rampant 
tuberculosis.
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Consequences of Defective or Excessive 
Inflammation:

• Defective Inflammation: 
– Increased susceptibility to infection
– Delayed wound healing

• Excessive inflammation
– Atherosclerosis
– Many chronic infections

Thanks
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