
Inflammation (2)



Vascular Changes

(1)Changes in Vascular Caliber and Flow

• transient vasoconstriction (lasting only for 
seconds), 

• arteriolar vasodilation resulting in locally 
increased blood flow and engorgement of the 
capillary beds.

• This leads to a rise in intravascular hydrostatic 
pressure, resulting in movement of a transudate
fluid from capillaries into the tissues.



(2)Increasing vascular permeability

• protein-rich fluid moves into the extravascular
tissues (exudates)

• This causes the red blood cells to become 
more concentrated, thereby increasing blood 
viscosity and slowing the circulation. 



• These changes are reflected microscopically 
by numerous dilated small vessels packed 
with erythrocytes and slowly flowing blood, a 
process called stasis.



• As stasis develops, leukocytes (principally 
neutrophils) begin to accumulate along the 
vascular endothelial surface, a process called 
margination.



Mechanisms contribute to increased vascular 
permeability in acute inflammatory reactions

1. Endothelial cell contraction

2. Endothelial cell retraction

3. Endothelial injury

4. Increased transcytosis

5. Leakage from new blood vessels



Endothelial cell contraction:

• Leads to intercellular gaps in postcapillary
venules

• It is the most common cause of increased 
vascular permeability. 

• It is a reversible process elicited by histamine, 
bradykinin, leukotrienes, and many other 
chemical mediators. 

• Endothelial cell contraction occurs rapidly after 
binding of mediators to specific receptors, is 
usually short-lived (15-30 minutes), and is called 
the immediate transient response.



Retraction of endothelial cells,

• slower and more prolonged(may take 4 to 6 
hours to develop after the initial trigger and 
persist for 24 hours or more)

• Resulting from changes in the cytoskeleton, 

• Induced by cytokines such as tumor necrosis 
factor (TNF) and interleukin-1 (IL-1). 



Endothelial injury
• results in vascular leakage by causing endothelial 

cell necrosis and detachment. 
• Direct injury to endothelial cells is usually seen 

after severe injuries (e.g., burns and some 
infections). 

• In most cases leakage begins immediately after 
the injury and persists for several hours (or days) 
until the damaged vessels are thrombosed or 
repaired. Therefore, this reaction is known as the 
immediate sustained response.

• Venules, capillaries, and arterioles can all be 
affected, depending on the site of the injury. 



• Direct injury to endothelial cells may also 
induce a delayed prolonged leakage that 
begins after a delay of 2 to 12 hours, lasts for 
several hours or even days, and involves 
venules and capillaries. 

• Examples include mild to moderate thermal 
injury, certain bacterial toxins, and x- or 
ultraviolet irradiation (i.e., the sunburn that 
appears the evening after a day in the sun).



• Leukocyte-mediated endothelial injury may 
occur as a consequence of leukocyte 
accumulation along the vessel wall. 

• Activated leukocytes release many toxic 
mediators that may cause endothelial injury 
or detachment.



• Increased transcytosis of proteins via an 
intracellular vesicular pathway augments 
venular permeability, especially after exposure 
to certain mediators such as vascular 
endothelial growth factor (VEGF). 

• Transcytosis occurs via channels formed by 
fusion of intracellular vesicles.



Leakage from new blood vessels.

• Tissue repair involves new blood vessel
formation (angiogenesis). These vessel
sprouts remain leaky until proliferating
endothelial cells mature sufficiently to form
intercellular junctions.

• some of the factors that induce angiogenesis
(e.g., VEGF) directly induce increased vascular
permeability via transcytosis.



• Responses of Lymphatic Vessels?! Home 
work



Cellular Events: Leukocyte Recruitment and 
Activation

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

• (1) margination, adhesion to endothelium, 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



Margination and Rolling
• The process of leukocyte accumulation at the periphery of

vessels is called margination.
• Caused by: the flow of blood from capillaries into

postcapillary venules and stasis
• Subsequently, leukocytes tumble on the endothelial

surface, transiently sticking along the way, a process called
rolling.

• Transient adhesion and rolling is mediated by receptors
called selectins (E-selectin, P-selectin, and L-selectin).

• These are either absent or present in small amount and
their expression is increased by certain mediators (IL-1, TNF
, histamine and thrombin)



Adhesion and Transmigration
• Firm adhesion is mediated by integrins expressed 

on leukocyte cell surfaces interacting with their 
ligands on endothelial cells.

• Integrins are normaly expressed but at low 
affinity, and activated by chemokines

• Cytokines (TNF and IL-1), activate endothelial 
cells to increase their expression of ligands for 
integrins.

• The net result of cytokine-stimulated increased
integrin affinity and increased expression of
integrin ligands is stable attachment of
leukocytes to endothelial cells at sites of
inflammation.



diapedesis,

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

• diapedesis occurs mainly in the venules of the
systemic vasculature; it has also been noted
in capillaries in the pulmonary circulation

• After passing through the endothelium,
leukocytes cross vascular basement
membranes by focally degrading them with
secreted collagenases.



• Chemotaxis
• After extravasating from the blood, leukocytes migrate

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

• Both exogenous and endogenous substances can be 
chemotactic for leukocytes, including:

• (1) bacterial products, particularly peptides with N-
formylmethionine termini; 

• (2) cytokines, especially those of the chemokine family; 
• (3) components of the complement system, 

particularly C5a; and 
• (4) products of the lipoxygenase pathway of 

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



• Chemotactic molecules bind to specific cell
surface receptors, which are members of the
seven-transmembrane G-protein coupled
receptor family.

• Binding Leads to increased cytosolic calcium,
which triggers the assembly of cytoskeletal
contractile elements necessary for movement.

• Leukocytes move by extending pseudopods
that anchor to the ECM and then pull the cell
in the direction of the extension.



• The type of emigrating leukocyte varies with 
the age of the inflammatory response and 
with the type of stimulus. 

• In most forms of 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. 



Several features of leukocytes account for this 
sequence: 

• neutrophils are more numerous in the blood,
they respond more rapidly to chemokines,
and they attach more firmly to the adhesion
molecules that are rapidly induced on
endothelial cells, such as P- and E-selectins.

• In addition, 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 
exudation, however. 

1. In certain infections (e.g., those caused by
Pseudomonas organisms) the cellular
infiltrate is dominated by continuously
recruited neutrophils for several days;

2. in viral infections lymphocytes may be the
first cells to arrive; and

3. in some hypersensitivity reactions
eosinophilic granulocytes may be the main
cell type.



Leukocyte Activation

• Stimuli for activation include microbes, 
products of necrotic cells, and several 
mediators

• Leukocytes express on their surface different 
kinds of receptors. 

• Engagement of these receptors by microbial 
products or by various mediators of 
inflammation induces a number of responses
in leukocytes termed leukocyte activation



1. Phagocytosis of particles to eliminate
harmful substances.

2. Production of substances that destroy
phagocytosed microbes and remove dead
tissues; these leukocyte products include
lysosomal enzymes and reactive oxygen and
nitrogen species.

3. Production of mediators that amplify the
inflammatory reaction, including arachidonic
acid metabolites and cytokines.



Defects in Leukocyte Function

• Acquired 

• Bone marrow suppression caused by tumors 
and chemotherapy or radiation (resulting in 
decreased leukocyte numbers), and 

• Metabolic diseases such as diabetes (causing 
abnormal leukocyte functions). 



• Inherited 
• Defects in leukocyte adhesion.
1. In leukocyte adhesion deficiency type 1 (LAD-1),

defective synthesis of integrins subunit LFA-1 and 
Mac-1 leads to impaired leukocyte adhesion to and 
migration through endothelium, and defective 
phagocytosis and generation of an oxidative burst. 

2. Leukocyte adhesion deficiency type 2 (LAD-2) is 
caused by the absence of the oligosaccharide on 
leukocytes that binds to selectins on activated 
endothelium. Its clinical manifestations are similar to 
but milder than those of LAD-1.



• Defects in microbicidal activity.

• An example is chronic granulomatous disease,
a genetic deficiency in one of the several 
components of the phagocyte oxidase
responsible for generating ROS. 



• Defects in phagolysosome formation.
Chédiak-Higashi syndrome, is an autosomal
recessive disease that results from disordered 
intracellular trafficking of organelles, 
ultimately impairing the fusion of lysosomes
with phagosomes.



Outcomes of Acute Inflammation

Resolution. : restoration to histologic and 
functional normalcy.

• When the injury is limited or short-lived, 

• when there has been no or minimal tissue 
damage, and 

• when the tissue is capable of replacing any 
irreversibly injured cells, 



Termination of the acute inflammatory response

• Involves:

• neutralization, decay or enzymatic degradation of the 
various chemical mediators, 

• normalization of vascular permeability, and 

• cessation of leukocyte emigration with subsequent 
death (by apoptosis) of extravasated neutrophils. 

• leukocytes begin to produce mediators that inhibit
inflammation and thus limit the reaction. 

• Eventually, the combined efforts of lymphatic drainage 
and macrophage ingestion of necrotic debris lead to 
the clearance of the edema fluid, inflammatory cells, 
and detritus from the battlefield.



Progression to chronic inflammation

• if the offending agent is not removed.

• In some instances, signs of chronic 
inflammation may be present at the onset of 
injury (e.g., in viral infections or immune 
responses to self-antigens). 



• Depending on:

• (1) the extent of the initial and continuing 
tissue injury, as well as (2)the capacity of the 
affected tissues to regrow, 

• chronic inflammation may be followed by 
restoration of normal structure and function 
or may lead to scarring.



Scarring or fibrosis results from:
1. after substantial tissue destruction or 
2. When inflammation occurs in tissues that do not 

regenerate.
3. In addition, extensive fibrinous exudates (due to 

increased vascular permeability) may not be 
completely absorbed and are organized by ingrowth
of connective tissue, with resultant fibrosis. 

4. Abscesses may form in the setting of extensive 
neutrophilic infiltrates  or in certain bacterial or fungal 
infections (these organisms are then said to be 
pyogenic, or "pus forming"). 
(Because of the underlying tissue destruction 
“including damage to the ECM”, the usual outcome 
of abscess formation is scarring)


