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 Definition: 

 Inflammation (Latin, inflammatio, to set on fire) is 

the complex biological response of vascular 

tissues to harmful stimuli, such as pathogens, 

damaged cells, or irritants.   

 Inflammation brings cells and molecules of host 

defense from the circulation to the sites where they 

are needed, to eliminate the offending agents. 



 Inflammation is a protective response 

involving host cells, blood vessels, proteins 

and other mediators that is intended to 

eliminate the initial cause of cell injury, as 

well as the necrotic cells and tissues resulting 

from the original insult, and to initiate the 

process of repair. 

 



 
 Inflammation is designated by adding the 

suffix “itis” to the English, Latin or Greek 
name of the organ affected e.g tonsillitis, 
appendicitis, gastritis …etc.  

 Inflammation is not a synonym for infection, 
and even in cases where inflammation is 
caused by infection it is incorrect to use the 
terms as synonyms.  

While inflammation is a protective response 
by the body to a variety of etiological agents 
(infectious or non-infectious), infection is 
invasion into the body by harmful microbes 
and their resultant ill-effects by toxins.  
 



“Immunity or immune reaction” and 
“inflammatory response” by the host are 
both protective mechanisms in the body. 

 Inflammation is the visible response to an 
immune reaction, and activation of immune 
response is essential before the inflammatory 
response appears. 

 In the absence of inflammation, wounds and 
infections would never heal and progressive 
destruction of the tissue would compromise 
the survival of the organism.  

 Inflammation involves two basic processes 
with some overlapping; early inflammatory 
response, followed later by healing.  



Although inflammation helps clearing of 

infections and other noxious stimuli and 

initiates repair, the inflammatory reaction and 

the subsequent repair process can 

themselves cause considerable harm as well. 



Typical inflammatory reaction develops 

through a series of steps: 

1. The offending agent is recognized by the 

host cells and molecules. 

2. Leukocytes and plasma proteins are 

recruited from the circulation to the site 

where the offending agent is located. 

3. The leukocytes and proteins are activated 

and work together to destroy and eliminate 

the offending substance. 

4. The reaction is controlled and terminated. 

5. The damaged tissue is repaired. 

 



 Injury may result in beneficial inflammatory 
reactions, or damage to the tissue as follows: 

1. If the reaction is very strong e.g., in severe 
infection → acute inflammation, 

2. If the reaction is prolonged e.g., when the 
eliciting agent resists eradication → 
chronic inflammation, or  

3. If the reaction is inappropriate e.g.,  
a) when it is directed against self-antigens →  

autoimmune diseases, or  
b) When it is directed against usually harmless 

environmental antigens e.g., in allergic 
disorders → allergy.  

 



The agents causing inflammation may 

be: 

1. Infective agents like bacteria and their 

toxins, viruses, fungi, and parasites. 

2. Immunological agents like cell-mediated 

and antigen/antibody reactions. 

3. Physical agents like heat, cold, radiation, 

mechanical trauma. 

4. Chemical agents like organic and inorganic 

poisons. 

5. Inert materials such as foreign bodies. 



The cells and molecules of host defense, 

including leukocytes and plasma proteins, 

normally circulate in the blood. 

The goal of the inflammatory reaction is to 

bring these cells and plasma proteins to the 

site of infection or tissue damage.  

The resident cells of vascular walls and the 

cells and proteins of ECM are also involved 

in inflammation and repair.  

 Inflammation can be acute or chronic. 

Acute inflammation is rapid in onset and of 

short duration, lasting from few minutes to 

as long as a few days. 

 

 



 It is characterized by fluid and plasma 

protein exudation and predominantly PML 

accumulation. 

Chronic inflammation is more insidious 

and is of longer duration (days to years). 

 It is typified by influx of macrophages, and 

lymphocytes associated with vascular 

proliferation and fibrosis (scarring).  

These two basic forms of inflammation may 

coexist, and many variables modify their 

course and histological appearance. 

 



The term subacute inflammation is used 

for the state of inflammation between acute 

and chronic. 

Sometimes, the acute inflammatory 

response may be quite severe and is termed 

as fulminant acute inflammation. 

A variant, chronic active inflammation, is 

the type of chronic inflammation in which 

during the course of disease there are acute 

exacerbations of activity. 



 Inflammation is induced by chemical 

mediators that are produced by host cells 

in response to injurious stimuli.  

When a microbe enters a tissue or the 

tissue is injured, it is sensed by resident 

cells, mainly macrophages, dendritic cells, 

mast cells, and other cell types.  

These cells secrete cytokines and other 

mediators that induce and regulate the 

subsequent inflammatory response.  

 



 Inflammatory mediators are also produced 

from plasma proteins that react with the 

microbes or injured tissues.  

Some of these mediators promote efflux of 

plasma and recruitment of circulating 

leukocytes to the site of the offending agent.  

The recruited leukocytes are activated and 

they try to remove the offending agent by 

phagocytosis. 

An unfortunate side effect of the activation 

of leukocytes may be damage to normal host 

tissues. 



 Inflammation is normally controlled and 

self-limited.  

The mediators and cells are activated only in 

response to the injurious stimulus and they 

are short-lived. 

They are degraded or become inactive as 

the injurious agent is eliminated. 

 In addition, various anti-inflammatory 

mechanisms become active.  

 If the injurious agent cannot be quickly 

eliminated, chronic inflammation results in 

serious pathological consequences. 



The five classical signs of 

inflammation are: heat, pain, redness, 

swelling from the (Latin calor, dolor, rubor, 

and tumor). 

To these, fifth sign functio laesa (loss of 

function) was added.  

These manifestations occur as a 

consequences of the vascular changes and 

leukocyte recruitment and activation. 

 

 







Acute inflammation is a continuous process 

but it can be divided into two events: 

I. Vascular events 

II.Cellular events, intimately linked to these 

processes is the: 

III. Release of mediators of acute inflammation 



Vascular changes:  

1. Alterations in the vessel caliber result in 

vasodilation  and ↑ blood flow. 

2. Increased vascular permeability permits 

plasma proteins to leave the circulation.  

3. Endothelial cells are activated → ↑ 

adhesion of leukocytes and their migration 

through the vessel wall. 



Cellular events:  

1. Emigration of leukocytes from the 

circulation and their accumulation in the 

focus of injury (cellular recruitment). 

2. Activation of leukocytes, enabling them to 

eliminate the offending agent. 

 Neutrophils; PMLs are the main leukocytes 

in acute inflammation. 



Acute inflammatory reactions may be 

triggered by a variety of stimuli: 

1. Infections (bacterial, viral, fungal, parasitic) 

are the most common causes of acute 

inflammation. 

2. Tissue necrosis (from any cause), 

including ischemia (myocardial infarction), 

physical and chemical injury. 

 

 



3. Trauma (blunt and penetrating), physical 
and chemical agents (burns, frostbite, 
irradiation) injure the host cells and elicit 
inflammatory reactions. 

4. Foreign bodies (splinters, dirt, sutures, and 
crystal deposits). 

5. Immune reactions (hypersensitivity 
reactions) against environmental 
substances or against “self” tissues.  

 Such reactions tend to persist, with features 
of chronic inflammation. 

 The term “immune-mediated 
inflammatory disease” is used to refer to 
this group of disorders. 
 

 



 Although these stimuli may induce reactions 

with some distinctive characteristics, in 

general, all inflammatory reactions have 

the same basic features. 



 

An important question is how cells recognize 

the presence of potentially harmful agents 

such as microbes in the tissues?  

 It was postulated that microbes and dead 

cells must elicit “danger signals” that 

distinguish them from normal tissues and 

mobilize the host response.  

 



Phagocytes, dendritic cells and epithelial 

cells, express receptors that are designed to 

sense the presence of infectious pathogens 

and substances released from dead cells.  

These receptors are called “pattern 

recognition receptors” because they 

recognize molecular patterns that are 

common to many microbes and/or to dead 

cells.  

 



The two most important families of these 

receptors are: 

I. Toll-like receptors (TLRs) are microbial 

sensors.  

 There are 10 mammalian TLRs, which 

recognize products of bacteria (endotoxin 

and bacterial DNA), viruses (double 

stranded RNA), and other pathogens.  

 TLRs are located in plasma membranes 

and endosomes, so they are able to detect 

extracellular and ingested microbes. 

 



 TLRs recognize products of different types 

of microbes and thus provide defense 

against all classes of infectious pathogens.  

 Recognition of microbes by these 

receptors activates transcription factors that 

stimulate production of secreted and 

membrane proteins.  

 These proteins include mediators of 

inflammation, antiviral cytokines 

(interferons), and proteins that promote 

lymphocyte activation and even more 

potent immune responses.  

 



II. The inflammasome is a multi-protein 
cytoplasmic complex that recognizes 
products of dead cells, such as uric acid, 
extracellular ATP, crystals and microbial 
products.  

 Triggering of the inflammasome results 
in activation of caspase-1 enzyme → 
cleaves precursor forms of the 
inflammatory cytokine IL-1β into its 
biologically active form. 

 IL-1 is an important mediator of leukocyte 
recruitment in acute inflammation, and in 
leukocytes phagocytosis and destruction 
of dead cells. 



Gout, is caused by deposition of urate 

crystals, which are ingested by phagocytes 

and activate the inflammasome, resulting in 

IL-1 production and acute inflammation.  

IL-1 antagonists are effective treatment in 

cases of gout that are resistant to 

conventional anti-inflammatory therapy. 

Cholesterol crystals and free fatty acids also 

activate the inflammasome, suggesting that 

IL-1 plays a role in atherosclerosis and 

obesity-associated type 2 diabetes.  

This finding raises the possibility of treating 

these diseases by blocking IL-1. 



The main vascular reactions of acute 
inflammation are ↑ blood flow secondary to 
vasodilation and ↑ vascular permeability. 

Both bring blood cells and proteins to the  
sites of infection or injury.  

The initial encounter of an injurious stimulus, 
such as a microbe, with macrophages → 
interactions → triggering vascular reactions 
which dominate the early phase of the 
response. 



 

Changes in vascular caliber and flow: 

This is initiated rapidly after infection or 

injury but evolve at variable rates, 

depending on the nature and severity of the 

original inflammatory stimulus. 

After transient vasoconstriction (lasting 

only for seconds), arteriolar vasodilation 

occurs, resulting in locally ↑ blood flow and 

engorgement of the capillary beds.  

This vascular expansion is the cause of the 

redness (erythema) and warmth 

characteristic of acute inflammation. 



The microvasculature becomes more 

permeable, and protein-rich fluid moves into 

the extravascular tissues. 

This causes the RBCs in the flowing blood to 

become more concentrated → ↑ blood 

viscosity and slowing the circulation.  

Microscopically there are numerous 

dilated small vessels packed with RBCs 

(stasis). 



As stasis develops, leukocytes principally 

PMLs begin to accumulate along the 

vascular endothelial surface a process 

called margination.  

This is the first step in the journey of 

leukocytes through the vascular wall into the 

interstitial tissue. 

 



Increased vascular permeability: 

This leads to movement of protein-rich fluid 

and blood cells into the extravascular 

tissues.  

This in turn ↑ the osmotic pressure of the 

interstitial fluid → more outflow of water 

from the blood into the tissues.  

The resulting protein rich fluid accumulated 

is called an exudate.  

Exudate must be distinguished from 

transudate, which is interstitial fluid 

accumulation caused by ↑ hydrostatic 

pressure, usually due to ↓ venous return. 



Transudate typically contains low 

concentration of protein and few or no 

blood cells.  

Fluid accumulation in extravascular spaces, 

whether an exudate or transudate, produces 

tissue edema.  

Whereas exudate is typical of inflammation, 

transudate accumulates in non-inflammatory 

conditions. 

 



Mechanisms contributing to ↑ vascular 

permeability in acute inflammation: 

1. Endothelial cell contraction → widening of 

intercellular gaps in postcapillary venules is 

the most common cause of ↑ vascular 

permeability.  

 Contraction occurs rapidly after binding of 

histamine, bradykinin, leukotrienes, and 

other mediators to specific receptors, and 

is usually short-lived (15 to 30 minutes).  



 A slower and more prolonged retraction of 

endothelial cells, result from changes in the 

cytoskeleton, induced by cytokines such as 

TNF and IL-1.  

 This reaction takes 4 to 6 hours to develop 

after the initial trigger and persist for 24 

hours or more. 

2. Endothelial injury results in vascular leakage 

by causing endothelial cell necrosis and 

detachment.  

 Endothelial cells are damaged after severe 

injury such as in burns and some infections.  

 

 



 Leakage begins immediately after injury 

and persists for several hours or days until 

damaged vessels are thrombosed or 

repaired.  

 Direct injury to the endothelial cells may 

also induce a delayed prolonged leakage 

that begins after a delay of 2 to 12 hours, 

and lasts for several hours or even days, 

and involves venules and capillaries.  



 Examples are mild to moderate thermal 

injury, bacterial toxins, and ultraviolet 

irradiation (sunburn after a day in the sun).  

 Endothelial cells may be damaged due to 

leukocyte accumulation along the vessel wall.  

 Activated leukocytes release many toxic 

mediators, that may cause endothelial injury 

or detachment. 

3. Increased transcytosis of proteins by  

intracellular vesicular pathway augments 

venular permeability, especially after 

exposure to certain mediators i.e., VEGF. 

 

 



 Transcytosis occurs through channels 

formed by fusion of intracellular vesicles. 

4. Leakage from new blood vessels 

(angiogenesis) or repair vessls: 

 These vessel sprouts remain leaky until 

proliferating endothelial cells mature 

sufficiently to form intercellular junctions.  

 New endothelial cells have↑ expression of 

receptors for vasoactive mediators, that 

stimulate angiogenesis (e.g., VEGF) and also 

directly induce ↑ vascular permeability. 



Although these mechanisms of vascular 

permeability are separable, all of them may 

participate in response to particular stimulus.  

For example, in a thermal burn, leakage 

results from chemically mediated endothelial 

contraction, as well as from direct injury and 

leukocyte-mediated endothelial damage. 

 







Responses of lymphatic vessels: 

 In inflammation, lymph flow is ↑ and helps 

drain edema fluid, leukocytes, and cell 

debris from the extravascular space.  

 In severe inflammations, especially due to 

microbes, the lymphatics transport the 

offending agent, contributing to its 

dissemination.  

The lymphatics and the draining lymph 

nodes may become secondarily inflamed 

(lymphangitis), and (lymphadenitis).  



 Inflamed lymph nodes are enlarged 

because of hyperplasia of the lymphoid 

follicles and ↑ numbers of lymphocytes and 

phagocytic cells lining the sinuses of the 

lymph nodes.  

This is termed reactive, or inflammatory 

lymphadenitis.  

 



An important function of the inflammatory 

response is to deliver leukocytes to the site of 

injury and to activate them.  

Leukocytes ingest offending agents, kill 

bacteria and other microbes, and eliminate 

necrotic tissue and foreign substances.  



Once leukocytes are activated, they may 

induce tissue damage and prolong 

inflammation, since the leukocyte products 

that destroy microbes can also injure normal 

host tissues.  

Host defense mechanisms include ensure 

that leukocytes are recruited and activated 

only when and where they are needed.  

 



Leukocytes normally flow rapidly in the blood, 
and in inflammation, they have to be stopped and 
brought to the offending agent or the site of 
tissue damage outside the vessels.  

The sequence of events in the recruitment of 
leukocytes from the vascular lumen to the 
extravascular space consists of: 

1. Margination and rolling along the vessel wall;  
2. Firm adhesion to the endothelium;  
3. Transmigration between endothelial cells; and 
4. Migration in interstitial tissues toward a 

chemotactic stimulus. 
 



Rolling, adhesion, and transmigration are 

mediated by interactions of adhesion 

molecules on leukocytes and endothelial 

surfaces.  

Chemical mediators chemoattractants and 

cytokines modulate surface expression and 

binding affinity of the adhesion molecules and 

stimulate directional movement of the 

leukocytes. 



Margination and rolling: 

As blood flows into postcapillary venules, 

circulating cells are swept by laminar flow 

against the vessel wall.  

Because the smaller red cells tend to move 

faster than the larger white cells, leukocytes 

are pushed out of the central axial column 

and interact with the lining endothelial cells, 

especially as stasis sets in.  

The process of leukocyte accumulation at the 

periphery of vessels is called margination.  



 If the endothelial cells are activated by 

cytokines and other mediators produced 

locally, they express adhesion molecules to 

which the leukocytes are attached loosely.  

These cells bind and detach and begin to 

tumble on the endothelial surface, a process 

called rolling. 

The weak and transient interactions involved 

in rolling are mediated by the selectin family 

of adhesion molecules. 

Selectins receptors are expressed on 

leukocytes and endothelium.  

 

 



The three members of this family E-selectin 

(CD62E) are expressed on endothelial cells; 

P-selectin (CD62P) present on platelets and 

endothelium; and L-selectin (CD62L), on the 

surface of most leukocytes.  

The endothelial selectins are typically 

expressed at low levels or are not present at 

all on unactivated endothelium, and are up-

regulated after stimulation by cytokines and 

other mediators.  

 



Binding of leukocytes is largely restricted to 

endothelium at sites of infection or tissue 

injury (where the mediators are produced).  

 In unactivated endothelial cells, P-selectin is 

found in intracellular bodies. 

Within minutes of exposure to mediators 

such as histamine or thrombin, P-selectin is 

distributed to the cell surface, where it 

facilitate leukocyte binding.  

Similarly, E-selectin and its ligand, which are 

not expressed on normal endothelium, are 

induced after stimulation by IL-1 and TNF. 



Adhesion:  

The rolling leukocytes are able to sense 

changes in the endothelium that initiate the 

next step in the reaction of leukocytes, which 

is firm adhesion to the endothelial surfaces. 

Adhesion is mediated by integrins expressed 

on leukocyte cell surfaces interacting with 

their ligands on endothelial cells.  

Integrins are transmembrane heterodimeric 

glycoproteins that mediate adhesion of 

leukocytes to endothelium and of various cells 

to the ECM.  



They are normally expressed on leukocyte 

plasma membranes in a low affinity form and do 

not adhere to their specific ligands until the 

leukocytes are activated by chemokines. 

Chemokines are chemoattractant cytokines 

secreted by many cells at sites of inflammation. 

When adherent leukocytes encounter these 

chemokines, the cells are activated, and their 

integrins undergo changes converting to a high 

affinity form.  

Other cytokines; TNF and IL-1 (secreted at sites 

of infection and injury), activate endothelial 

cells to ↑ their expression of ligands for integrins.  



These ligands include intercellular adhesion 
molecule-1 (ICAM-1), which binds to the 
integrins leukocyte function–associated antigen-
1 (LFA-1) and macrophage-1 antigen (Mac-1), 
and vascular cell adhesion molecule-1 (VCAM-
1), which binds to the integrin very late antigen-
4 (VLA-4).  

Engagement of integrins by their ligands 
delivers signals to the leukocytes that lead to 
cytoskeletal changes that mediate firm 
attachment to the substrate.  

The cytokine-stimulated ↑ integrin affinity and ↑ 
expression of integrin ligands → stable 
attachment of leukocytes to endothelial cells at 
sites of inflammation. 
 



Transmigration: 
After being arrested on endothelial surface, 

the leukocytes migrate through the vessel wall 
by squeezing between cells at intercellular 
junctions. 

Extravasation of leukocytes, called diapedesis, 
occurs mainly in the venules of systemic 
vasculature; and in the capillaries of 
pulmonary circulation. 

Migration of leukocytes is driven by 
chemokines produced in extravascular tissues, 
which stimulate movement of the leukocytes 
toward their chemical gradient.  
 



Platelet endothelial cell adhesion molecule-1 

(PECAM-1) (also called CD31), a cellular 

adhesion molecule expressed on leukocytes 

and endothelial cells, mediates the binding 

events needed for leukocytes to traverse the 

endothelium. 

After passing through the endothelium, 

leukocytes secrete collagenases that enable 

them to pass through the vascular basement 

membrane. 

 





Chemotaxis: 
After extravasating from the blood, leukocytes 

move toward sites of infection or injury along a 
chemical gradient by a process called 
chemotaxis.  

Exogenous and endogenous chemotactic 
substances for leukocytes, include: 

1. Bacterial products, particularly peptides with N-
formylmethionine termini 

2. Cytokines, especially those of chemokine family 
3. Complement system components, particularly C5 
4. Products of the lipoxygenase pathway of 

arachidonic acid (AA) metabolism, particularly 
leukotriene B4 (LTB4) 
 



These mediators are produced in response to 

infections and tissue damage and during 

immunological reactions.  

Leukocyte infiltration results from the actions 

of various combinations of mediators. 

Chemotactic molecules bind to specific cell 

surface receptors, which triggers assembly of 

cytoskeletal contractile elements necessary 

for movement.  

Leukocytes move by extending pseudopods 

that anchor to the ECM and pull the cell in the 

direction of the extension. 



  The direction of such movement is specified 

by a higher density of chemokine receptors at 

the leading edge of the cell. 

Thus, leukocytes move to and are retained at 

the site where they are needed. 

The type of emigrating leukocyte varies with 

the age of the inflammatory response and with 

the type of stimulus. 

 In acute inflammation, neutrophils 

predominate in the inflammatory infiltrate 

during the first 6 to 24 hours and are replaced 

by monocytes in 24 to 48 hours. 

 

 



Factors account for early abundance of 

neutrophils:  

These cells are the most numerous leukocytes 

in the blood, they respond more rapidly to 

chemokines, and they may attach more firmly 

to the adhesion molecules that are rapidly 

induced on endothelial cells, such as P- and 

E-selectins.  

After entering tissues, neutrophils are short-

lived; they die by apoptosis and disappear 

within 24 to 48 hours, while monocytes survive 

longer.  



There are exceptions to this pattern of 

cellular infiltration: 

1. In Pseudomonas infections cellular infiltrate 

is dominated by continuously recruited 

neutrophils for several days, 

2. In viral infections lymphocytes are the first 

cells to arrive, 

3. Whereas in hypersensitivity reactions 

eosinophils are the main cell type. 





Once leukocytes are recruited to the site of 

infection or tissue necrosis, they must be 

activated to perform their functions.  

Stimuli for activation include microbes, 

products of necrotic cells, and several 

mediators.  

Leukocytes use various receptors to sense 

the presence of microbes, dead cells, and 

foreign substances.  



Engagement of cellular receptors induces a 
number of responses in leukocytes that are 
part of their normal defensive functions and 
are grouped under the term leukocyte 
activation. 

Leukocyte activation results in the 
enhancement of the following functions: 

1. Phagocytosis of particles  
2. Intracellular destruction of phagocytosed 

microbes and dead cells by substances 
produced in phagosomes, including 
reactive oxygen and nitrogen species and 
lysosomal enzymes  

  
 



3. Liberation of substances that destroy 

extracellular microbes and dead tissues.  

4. A recently discovered mechanism by 

which neutrophils destroy extracellular 

microbes is the formation of extracellular 

“traps.” 

5. Production of mediators, including 

arachidonic acid metabolites and cytokines, 

that amplify the inflammatory reaction, by 

recruiting and activating more leukocytes. 

 





Definition:  
Phagocytosis is defined as the process of 

engulfment of solid particulate material by 
the cells (cell-eating).  

The cells performing this function are 
called phagocytes.  

There are 2 main types of phagocytic 
cells: 
1.PMNs; microphages appear early in acute 

inflammatory response. 
2.Circulating monocytes and fixed tissue 

histiocytes, called macrophages. 
 



Neutrophils and macrophages on reaching 

the tissue spaces produce several proteolyitc 

enzymes-lysozyme, protease, collagenase, 

elastase, lipase, proteinase, gelatinase, and 

acid hydrolases.  

These enzymes degrade collagen and ECM. 

Leukocytes bind and ingest microorganisms 

and dead cells by means of specific surface 

receptors.  

 



Phagocytosis consists of three steps: 

1. Recognition and attachment of particle to 

the ingesting leukocyte;  

2. Engulfment, with subsequent formation of a 

phagocytic vacuole; and  

3. Killing and degradation of the ingested 

material. 



Phagocytosis is initiated by expression of 

surface receptors on macrophages which 

recognize micro-organisms.  

Phagocytosis is enhanced when the 

microorganisms are coated with specific 

proteins, opsonins, or they get opsonized.  

Opsonins are present in the blood ready to 

coat microbes or produced in response to the 

microbes.  



Opsonins establish a bond between bacteria 

and the cell membrane of phagocytic cell.  

Opsonins coat microbes and target them for 

phagocytosis (the process is called 

opsonization).  

The most important opsonins are: 

1. Antibodies of the IgG class that bind to 

microbial surface antigens,  

2. Breakdown products of C3, and  

3. Plasma carbohydrate-binding lectins 

called collectins. 



Leukocytes express receptors for opsonins 

that facilitate rapid phagocytosis of the coated 

microbes.  

These receptors include: 

1. Fc receptor for IgG (called FcγRI),  

2. Complement receptors 1 and 3 (CR1 and 

CR3) for complement fragments, and  

3. C1q for collectins. 

Binding of opsonized particles to these 

receptors triggers engulfment and induces 

cellular activation that enhances degradation 

of ingested microbes.  

 

 



The opsonized particle bound to the surface 
of phagocyte is ready to be engulfed.  

Cytoplasmic pseudopods are extended 
around the object or particle, forming a 
phagocytic vacuole. 

The plasma membrane enclosing the 
particle breaks from the cell surface. 

Membrane lined phagocytic vacuole or 
phagosome lies internalized and free in the 
cell cytoplasm of the macrophages.  
 



The membrane of the phagosome fuses with 

the membrane of one or more of the cell 

lysosomes, resulting in discharge of its 

granules into the bigger vacuole formed 

called phagolysosome. 

 

 



The stage of killing and degradation of micro-
organism justify the function of phagocytes as 
scavenger cells.  

The key steps in this reaction are production of 
microbicidal substances within lysosomes and 
fusion of lysosomes with phagosomes, exposing 
the ingested particles to the destructive 
mechanisms of the leukocytes.  

The most important microbicidal substances are 
reactive oxygen species (ROS) and lysosomal 
enzymes.  

 



Disposal of microorganisms can proceed 

by following mechanisms: 

A. Intracellular mechanisms 

I. Oxidative bactericidal mechanism by 

oxygen free radicals 

a) MPO-dependent 

b) MPO-independent 

II. Oxidative bactericidal mechanism by 

lysosomal granules 

III. Non-oxidative bactericidal mechanism 

B. Extracellular mechanisms 

 



 Intracellular metabolic pathways more 

commonly kill microbes by oxidative 

mechanism and less often non-oxidative 

pathways. 

1.Oxidative bactericidal mechanism by 

oxygen free radicals.  

Microbicidal killing by oxidative damage is 

by the production of ROS (O’2 H2O2, OH’, 

HOCl, HOI, HOBr). 



A phase of increased oxygen consumption 

“respiratory burst” by activated phagocytic 

leucocytes requires the essential presence 

of NADPH oxidase. 

NADPH-oxidase present in the cell 

membrane of phagosome reduces oxygen to 

superoxide ion (O’2). 

 

 

 

 



Superoxide is subsequently converted into 

H2O2 which has bactericidal properties. 

 

 

 

 

This type of bactericidal activity is carried 

out either via enzyme myeloperoxidase 

(MPO) present in the azurophilic granules 

of neutrophils and monocytes, or 

independent of enzyme MPO. 

 



A. MPO-dependent killing:  

 In this mechanism, the enzyme MPO acts on 

H2O2 in the presence of halides (chloride, 

iodide or bromide) to form hypohalous acid 

(HOCl, HOI, HOBr). 

This is called H2O2-MPO-halide system and 

is more potent antibacterial system in 

polymorphs than H2O2 alone. 

 

 

 



B. MPO-independent killing:  

Mature macrophages lack the enzyme MPO 

and they carry out bactericidal activity by 

producing OH– ions and superoxide singlet 

oxygen (O’) from H2O2 in the presence of 

O’2 (Haber-Weiss reaction) or in the 

presence of Fe++ (Fenton reaction). 

 

 

 

 



ROS are particularly useful in eliminating 

microbial organisms that grow within 

phagocytes e.g. M. tuberculosis, Histoplasma 

capsulatum. 

The microorganisms after being killed by 

antibacterial substances are degraded by 

hydrolytic enzymes.  

 



II. Oxidative bactericidal mechanism by 

lysosomal granules.:  

The preformed granule-stored products of 

neutrophils and macrophages are discharged 

or secreted into the phagosome and the 

extracellular environment.  

Degranulation of macrophages and 

neutrophils liberates protease, trypsinase, 

phospholipase, and alkaline phosphatase.  

Progressive degranulation of neutrophils 

and macrophages along with oxygen free 

radicals degrades proteins i.e. induces 

proteolysis. 

 



 

The contents of lysosomal granules are 

secreted by leukocytes into the 

extracellular tissue by several 

mechanisms: 

1. The phagocytic vacuole may remain 

transiently open to the outside before 

complete closure of the phagolysosome 

(regurgitation during feeding). 



2. If cells encounter materials that cannot be 

easily ingested, such as immune complexes 

deposited on immovable surfaces (e.g., 

glomerular basement membrane), the 

attempt to phagocytose them (frustrated 

phagocytosis) triggers strong leukocyte 

activation, and lysosomal enzymes are 

released into the surrounding tissue or 

lumen. 

3. The membrane of the phagolysosome may 

be damaged if potentially injurious 

substances, such as silica particles, are 

phagocytosed. 

 



III. Non-oxidative bactericidal mechanism:  

Some agents released from the granules of 

phagocytic cells do not require oxygen for 

bactericidal activity.  

These include the following: 

A. Granules: Some of liberated lysosomal 

granules do not kill by oxidative damage 

but cause lysis of within phagosome. 

 These are lysosomal hydrolases, 

permeability increasing factors, cationic 

proteins (defensins), lipases, proteases, 

DNAases. 



B. Nitric oxide: Nitric oxide reactive free 

radicals similar to oxygen free radicals are 

formed by nitric oxide synthase and is a 

potent mechanism of microbial killing.  

 Nitric oxide is produced by endothelial 

cells as well as by activated macrophages. 

 

 



The bactericidal activity at extracellular 
level: 

I. Granules: Degranulation of macrophages 
and neutrophils continues to exert its 
effects of proteolysis outside the cells as 
well. 

II. Immune mechanisms: Immune-mediated 
lysis of microbes takes place outside the 
cells by mechanisms of cytolysis, antibody-
mediated lysis and by cell-mediated 
cytotoxicity. 

 













These “traps” are extracellular fibrillar 

networks that are produced by neutrophils in 

response to infectious pathogens (mainly 

bacteria and fungi) and inflammatory 

mediators (such as chemokines, cytokines, 

complement proteins, and ROS). 

NETs contain a framework of nuclear 

chromatin with embedded granule proteins, 

such as antimicrobial peptides and enzymes.  



The traps provide high concentration of 

antimicrobial substances at sites of infection, 

and prevent the spread of the microbes by 

trapping them in the fibrils.  

 In this process, the nuclei of the neutrophils 

are lost, leading to death of the cells.  

NETs are detected in blood neutrophils 

during sepsis.  

The nuclear chromatin in the NETs, are a 

source of nuclear antigens in systemic 

autoimmune diseases, particularly lupus, in 

which the affected persons react against their 

own DNA and nucleoproteins. 

 



 Because leukocytes are capable of 

secreting potentially harmful substances 

such as enzymes and ROS, they are 

important causes of injury to normal cells 

and tissues under several circumstances: 

1. As part of a normal defense reaction against 

infectious microbes, when “bystander” 

tissues are injured.  



 In infections that are difficult to eradicate, as 

tuberculosis and some viral diseases, the 

host response contributes more to the 

pathological process than does the microbe 

itself. 

 

2. Attempt to clear damaged and dead tissues 

(e.g., after a myocardial infarction).  

 In an infarct, inflammation may prolong and 

exacerbate the injury of ischemia, especially 

upon reperfusion. 



3. When the inflammatory response is 
inappropriately directed against host 
tissues, as in autoimmune diseases, or when 
the host reacts excessively against 
environmental substances, such as allergic 
diseases including asthma. 

 
 In all of these situations, the mechanisms by 

which leukocytes damage normal tissues are 
the same as the mechanisms involved in the 
clearance of microbes and dead tissues, 
because once leukocytes are activated, their 
effector mechanisms do not distinguish 
between offender and host.  
 
 



 If unchecked or inappropriately directed 

against host tissues, leukocytes themselves 

become the main offenders.  

Leukocyte-dependent tissue injury underlies 

many acute and chronic human diseases. 

Activated leukocytes, especially macrophages, 

also secrete many cytokines, which stimulate 

further inflammation and have important 

systemic effects. 

 

 



Since leukocytes play a central role in host 

defense, defects in leukocyte function, both 

acquired and inherited, lead to 

↑susceptibility to infections, which may be 

recurrent and life-threatening.  



The most common causes of defective 
inflammation are: 

1. Bone marrow suppression caused by tumors 
or treatment with chemotherapy or radiation 
→ ↓ leukocyte numbers, and  

2. Metabolic diseases such as diabetes causing 
abnormal leukocyte function 

3. Genetic disorders:  
A. Defects in leukocyte adhesion 
B. Defects in microbicidal activity 
C. Defects in phagolysosome formation 
D. Mutations in TLR signaling pathways 
E. Function mutations in genes encoding 

some components of inflammasome 
 
 
 



A. Defects in leukocyte adhesion: 

 Leukocyte adhesion deficiency type1 

(LAD-1), defective synthesis of leukocyte 

integrins LFA-1 and Mac-1 → impaired 

leukocyte adhesion to and migration 

through endothelium, and defective 

phagocytosis and generation of oxidative 

burst.  



 Leukocyte adhesion deficiency type 2 

(LAD-2) is caused by a defect in fructose 

metabolism → absence of sialyl–Lewis X; the 

oligosaccharide on leukocytes that binds to 

selectins on activated endothelium.  

 Its clinical manifestations are similar to but 

milder than those of LAD-1. 

 



2. Defects in microbicidal activity:  

 In chronic granulomatous disease, there is a 

genetic deficiency in one of components of 

the phagocyte oxidase enzyme responsible 

for generating ROS.  

 In these patients, engulfment of bacteria 

does not result in activation of oxygen-

dependent killing mechanisms.  

 In an attempt to control these infections, the 

microbes are surrounded by activated 

macrophages, forming the “granulomas” 

that give the disease its distinctive 

pathological features. 



3. Defects in phagolysosome formation:  

 Chédiak-Higashi syndrome, is an 

autosomal recessive disease that results from 

disordered intracellular trafficking of 

organelles → impairing fusion of lysosomes 

with phagosomes.  

 Secretion of lytic secretory granules by 

cytotoxic T lymphocytes is also affected, 

explaining severe immunodeficiency typical 

of this disorder. 

 



4. Mutations in TLR signaling pathways: 

 Inherited defects in components of adaptive 

immune responses → ↑ susceptibility to 

infections. 

5. Function mutations in genes encoding 

some components of inflammasome: 

 One of which is called cryopyrin, are 

responsible for rare but serious diseases 

called cryopyrin-associated periodic fever 

syndromes (CAPSs), which manifest with 

unrelenting fevers and other signs of 

inflammation and respond well to treatment 

with IL-1 antagonists. 



Thank You 


