
Inflammation 



Inflammation  

 
- a local physiological response to tissue injury during life.  

 

- Not a disease in itself, but often a manifestation of disease. 

 

- a protective  response intended to eliminate the initial  cause  

       of cell injury. 

 

- Often beneficial, sometimes harmful. 

 

-Nomenclature: -itis (- after name of tissue) e.g.  

             . Bronchitis 

             . Appendicitis 

             . Cholecystitis …gall bladder 

             . Lung (pneumonia) , Brain (encephalitis) 



- protective effect exerted by diluting ,destroying , or otherwise 

      neutralizing harmful agents (e.g., microbes and toxins). 

      It  then sets into motion the events that eventually heal and repair 

      the sites of injury. 

 

- Without inflammation, infections would go unchecked and  

    wounds would never heal. Therefore , inflammation is part of  

    a broader protective response that immunologists refer to  

    innate immunity. 

 

- Inflammation can be acute or chronic. However, these basic forms  

    of inflammation  can overlap, and many variables modify their  

    course and histologic appearance. In addition to granulomatous 

inflammation.  

 

-The external manifestations of inflammation, often called its  

    cardinal signs, heat , redness , swelling , pain and loss of function.    



Causes of Inflammation  

 

- Microbial infections, e.g. bacteria, viruses. 

 

- Hypersensitivity reactions, e.g. contact with some subs. 

 

- Physical agents,   e.g. trauma, heat, cold, ionizing radiation. 

 

- Chemical agents, e.g. acids, alkali, bacterial toxins. 

 

- Tissue necrosis,   e.g. ischemic necrosis.  



 Components of inflammation  

 

- Blood vessels: 

 

    *Plasma and plasma proteins 

    *Cells :  

       - Circulating: Neutrophils, monocytes, lymphocytes,  

              eosinophils, basophils, plasma cells. 

       - In Connective tissue: Mast cells, fibroblasts, macrophages 

              & lymphocytes 

 

- Extracellular matrix (ECM): 

       structural fibrous proteins, adhesive glycoproteins, proteoglycans,  

          basement membrane . 



Components of inflammation 



The components of acute and chronic inflammatory responses and  

their principal functions.  



Types of inflammations 
  

Acute 

- Short duration: hours-weeks. 

- Exudative  fluid. 

- Main inflammatory cells: Neutrophils & macrophages. 

           

                                      6 Months 

 

Chronic 

- Long duration: months – years. 

- Fibrosis (indurative). 

- Main inflammatory cells: Lymphocytes, plasma cells, 

      macrophages + connective tissue & blood vessels.  



• Exudation :  

1. Escape of fluid, proteins and blood cells 

from vascular system to interstitial tissue. 

2. Has high protein concentration 

3. Specific gravity above 1.020 

4. Due to alteration in permeability. 



• Transudate : 

1.Fluid with low protein content (mostly 

albumin) 

2.Specific gravity less than 1.012 

3.Result from osmotic or hydrostatic 

imbalance. 

• Pus : is inflammatory exudate rich in 

leukocytes (neutrophils), debris of dead 

cells and microbes. 



Acute inflammation  

 

- Initial reaction of tissue to injury. 

 

- Neutrophil polymorph is the predominant inflammatory      
     cell in early stages (6-24 hours). 

 

- Monocytes (macrophages) predominate in later stages  

     (24-48 hours). 

  

- Various outcomes. 



                Reactions of the acute inflammation 
 

-Vascular changes 

 

    * Changes in vascular flow and caliber 

    * Increased vascular permeability 

 

-Leukocyte cellular events 

 

    * Margination and rolling 

    * Adhesion and transmigration 

    * Chemotaxis and activation 

    * Phagocytosis and degranulation 

    * Release of leukocyte products 



Vascular changes in acute inflammation 
  

 

- Changes in caliber: 

 

     * Initially vasoconstriction then vasodilatation  leading to increase  

            in the blood flow. 

     * As permeability increases, more fluid escapes into extravascular  

           tissues leading to an increase in blood viscosity and slowing of  

           the circulation (stasis). 

 

 

- Increased permeability: 

      Hallmark of acute inflammation and results in marked outflow of  

         fluid into interstitial tissue (edema). 



Edema: excess of extravascular fluid  

 
Transudate 

- Fluid of low protein content (ultrafiltrate of blood plasma) 

- Specific gravity < 1.020 

- Hydrostatic pressure imbalance across vascular endothelium 

 

 

Exudate 

- Fluid of high protein content & increased cellular debris 

- Specific gravity > 1.020 

- Alteration in normal permeability of small blood vessels  

    in area of injury 





(1) Vascular dilation and increased 

blood flow (causing erythema and 

warmth),  

(2) extravasation and deposition of 

plasma fluid and proteins (edema), 

and  

(3) leukocyte (mainly neutrophil) 

emigration and accumulation in 

the site of injury. 

The major local manifestations 

of acute inflammation, 

compared to normal  





Mechanisms of increased vascular permeability 
 

1- Gaps; Endothelial cell contraction (venules) 

         * Reversible, due to histamine, bradykinin, leukotrienes cause contarction of 
myosin. 

     * Immediate transient response (15-30 min) 

      * Most common 

 

2- Gaps; Cytoskeletal reorganization (venules & capillaries) 

     * Reversible, due to cytokine mediators:  

           Interleukin 1(IL-1)and tumor necrosis factor (TNF) and hypoxia 

     * Response is delayed (4-6 hrs) and prolonged (24 hrs) 

 

3- Direct endothelial injury (any vessel) 

     * Irreversible, seen with severe injuries (burns or infections) or ultraviolet      
           exposure, often causing necrosis & detachment of  endothelial cells 

             

     * Fast and may be long-lived (hours to days)  



4- Leukocyte-mediated endothelial injury (venules, pulmonary and glomerular       

              capillaries) 

     * Irreversible, due to leukocyte activation 

     * Late response and long lived (Hours) 

 

5- Increased transcytosis (venules) 

     * Reversible, due to vascular endothelial growth factor & other mediators 

     * Widening and increased number of intracellular transcytoplasmic channels.  

      

6- Leakage from new blood vessels (angiogenesis) persists until intercellular            

           junctions form 
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Leukocyte cellular events  in acute inflammation 
 

1) Margination and rolling 
 

  * With slowing of the circulation, leukocytes accumulate  

       a long vascular endothelial surface (Margination) 

 

  * Then they tumble on the endothelial surface, transiently  

      sticking on the way (Rolling) 

 

2) Adhesion and transmigration 
 

  * More firm and stable sticking of leukocytes to endothelial  

       surface (Adhesion) 

 

  * Then leukocytes pass between cells along the intra- 

       cellular junction (Transmigration )                                      continued 



- Normally, about three times as many white blood cells are stored 

      in the marrow as circulate in the entire blood. This represents  

     about a 6-day supply of these cells.  

 

 

- About half of the neutrophils do not circulate in the peripheral    

    blood , but rather adhere to the walls of smaller vessels             

    (marginal pool). 

 

- Normally, they remain in the blood stream for about six hours      

     and in the surrounding tissue for 1-2 days. 

 

- In times of serious tissue infection, this total life span is often 

shortened to only a few hours because the granulocytes proceed 

even more rapidly to the infected area, perform their functions, 

and, in the process, are themselves destroyed.  



Leukocyte cellular events  in acute inflammation 





Major Role Leukocyte Molecule 

Endothelial              

  Molecule 

Rolling (neutrophils, monocytes, lymphocytes) Sialyl-Lewis X-

modified proteins 

P- selectin 

Rolling and adhesion (neutrophils, 

monocytes, T lymphocytes) 

Sialyl-Lewis X-

modified proteins 

E- selectin 

Rolling (neutrophils, monocytes)* L- selectin GlyCam-1, CD34 

Adhesion, arrest, transmigration 

(neutrophils, monocytes, lymphocytes) 

CD11/CD18 integrins 

(LFA-1, Mac-1) 

ICAM-1 

(immunoglobulin 

family) 

Adhesion (eosinophils, monocytes, 

lymphocytes) 

VLA-4 integrin VCAM-1 

(immunoglobulin 

family) 

Transmigration (all leukocytes) CD31 CD31 



ICAM-1     Intercellular adhesion molecule 1 

 

LFA-1         leukocyte function-associated antigen 1 

 

VCAM-1    vascular cell adhesion molecule 1;  

 

VLA-4        very late antigen 4  



3) Chemotaxis & activation 

 

Chemotaxis: 

   WBC locomotion towards site of injury along a chemical gradient due  

      to action of chemotaxins . 

 

Types of chemotaxins 

 

- Exogenous: bacterial products. 

- Endogenous: components of complement system (c5a),              

      lipooxygenase pathway (LTB4) & cytokines (IL-8). 

 

Functions of chemotaxins: 

- Stimulate WBC locomotion (pseudopods), mediated by               

      increased intracellular Calcium ions. 

- Leukocyte activation 

continued 



4) Phagocytosis and degranulation  

 

Three steps: 

 

- Recognition & attachment 

    Facilitated by coating of microorganisms by serum proteins called 

     Opsonins. Mainly IgG & C3b that bind to Fc & C receptors on    

     the WBC  

 

- Engulfment  

    Through formation of pseudopods, phagosomes, phagolysosome 

 

- Killing or degradation 

continued 







5) Release of leukocyte products 

 

   WBC products are often released into the extracellular space and  

      amplify the original inflammatory stimulus. Include: 

 

 - Lysosomal enzymes 

 

 - Oxygen-derived active metabolites 

 

 - Products of arachidonic acid metabolism 

  

 

If unchecked and persistent, they may result in leukocyte-dependent 

tissue injury, e.g. rheumatoid arthritis, & some other forms of 

chronic inflammation. 



Chemical Mediators of inflammation 
 

General principles 

 
- Their action is short-lived and most act through binding to  

     specific receptors on one or more target cells, others have  

    direct enzymatic activity or mediate oxidative damage. 

 

- Can stimulate release of other mediators by target cells (this  

    can amplify or counteract the initial mediator action).  

    i.e. marked interaction between different mediator systems. 

 

- Originate from either plasma (precursor forms, must be activated)  

    or cells (preformed or newly synthesized). 

 

- Most may have harmful effects if unchecked. Thus built-in  

    regulatory mechanisms exist. 





Plasma protein-derived mediators of inflammation 
  

Complement proteins:  
    Activation of the complement system by microbes or antibodies leads to  

    the generation of multiple breakdown products, which are responsible for  

    leukocyte chemotaxis, opsonization and phagocytosis of microbes and  

    other particles, and cell killing. 

 

Coagulation proteins:  
    Activated factor XII triggers the clotting, kinin and complement cascades,  

    and activates the fibrinolytic system. 

 

Kinins:  
    Produced by proteolytic cleavage of precursors; mediate vascular reaction, pain . 



Major cell-derived mediators of inflammation 

 
Vasoactive amines:  
      histamine, serotonin; main effects are vasodilatation and increased  

     vascular permeability. 

Arachidonic acid metabolites:  
     prostaglandins and leukotrienes; several forms exist and are involved in  

     vascular reactions, leukocyte chemotaxis, and other reactions of inflammation 

     ; antagonized by lipoxins. 

Cytokines:  
     proteins produced by many cell types; usually act at short range; mediate  

     multiple effects, mainly in leukocyte recruitment and migration; principal ones  

     in acute inflammation are TNF, IL-1, and chemokines. 

Reactive oxygen species:  

    role in microbial killing, tissue injury. 

Nitric oxide:  

    vasodilatation, microbial killing. 

Lysosomal enzymes:  

    role in microbial killing, tissue injury . 



The Actions of the Principal Mediators of Inflammation  



Cell-Derived 
 

 

Principal Actions Source Mediator 

Vasodilatation, increased vascular 

permeability, endothelial activation 

Mast cells, basophils, 

platelets 

Histamine 

Vasodilatation, increased vascular 

permeability 

Platelets Serotonin 

Vasodilatation, pain, fever Mast cells, leukocytes Prostaglandins 

Increased vascular permeability, 

chemotaxis, leukocyte adhesion and 

activation 

Mast cells, leukocytes Leukotrienes 



Vasodilatation, increased vascular 

permeability, leukocyte adhesion, 

chemotaxis, degranulation, oxidative 

burst 

Leukocytes, endothelial 

cells 

Platelet-

activating factor 

Killing of microbes, tissue damage Leukocytes Reactive oxygen 

species 

Vascular smooth muscle relaxation; 

killing of microbes 

Endothelium, 

macrophages 

Nitric oxide    

Local endothelial activation (expression 

of adhesion molecules), systemic acute-

phase response; in severe infections, 

septic shock 

Macrophages, 

lymphocytes, 

endothelial cells, mast 

cells 

Cytokines (e.g. 

TNF, IL-1) 

Chemotaxis, leukocyte activation Leukocytes, activated 

macrophages 

Chemokines 



Leukocyte chemotaxis and 

activation, opsonization, 

vasodilatation (mast cell 

stimulation) 

Plasma (produced in 

liver) 

Complement 

Increased vascular 

permeability, smooth muscle 

contraction, vasodilatation, 

pain 

Plasma (produced in 

liver) 

Kinins 

Endothelial activation, 

leukocyte recruitment 

Plasma (produced in 

liver) 

Proteases 

activated during 

coagulation 

Principal Actions        Source Mediator 

Plasma Protein-Derived 



Chemical mediators  Inflammatory events  

PGs; NO Vasodilatation 

Vasoactive amines; C3a & C5a;  

Bradykinin; LTC4 , D4 , & E4 ; PAF 

  

 vascular permeability 

C5a; LTB4; bacterial products; 

 cytokines (IL-8) 

Chemotaxis, leukocyte adhesion 

IL-1; IL-6; TNF; PGs Fever 

PGs; Bradykinin Pain 

Lysosomal enzymes; 

Oxygen metabolites; NO 

Tissue damage 

Most likely mediators in inflammation 



- Mediated by IL-1, IL6, TNF, which interact with vascular receptors in   
     the thermoregulatory center of hypothalamus & vasomotor center. 

 

- Systemic manifestations include: 

    . Fever 

    . ↑Catabolism 

    . Increased slow wave sleep, decreased appetite 

    . Hypotension & other hemodynamic changes 

    . Synthesis of acute-phase proteins by liver, e.g. CRP 

    . Leukocytosis: neutrophilia, lymphocytosis, eosinophilia 

    . Leukopenia 

    . Increased ESR 

Systemic effects of inflammation 

(Acute phase reactions) 



- Catarrhal:  

     Acute inflammation + mucous hypersecretion of mucous               
     membrane (e.g. common cold) 

- Serous:  

     Abundant protein-rich fluid with low cellular content, in tissue      
     (e.g. skin blisters) or in body cavities (e.g. pleural effusion) 

- Fibrinous: 

    Accumulation of thick exudate rich in fibrin, which may                 
     resolve by fibrinolysis or organize into thick fibrous tissue (e.g. 
     acute pericarditis) 

- Suppurative (purulent):  

   * PUS: Creamy yellow or blood stained fluid consisting of              
                neutrophils, microorganisms & tissue debris e.g. acute     
               appendicitis 

   *Abscess: Focal localized collection of pus. 

     Empyema : Collection of pus within a hollow organ 

Special  macroscopic appearances of acute inflammation 



Acute inflammation of the lung (acute bronchopneumonia) 

Neutrophils fill the alveolar spaces and blood vessels are congested. 



At medium power magnification, numerous neutrophils fill the alveoli. 

Note the dilated capillaries in the alveolar walls from vasodilation with 

the acute inflammatory process  

acute bronchopneumonia 



At high power magnification The PMN's seen here are in alveoli, 

indicative of an acute bronchopneumonia of the lung. The PMN's form 

an exudate in the alveoli.  



A- Serous inflammation .   skin blister 

A low-power view of a cross-section of a skin blister showing epidermis 

separated from the dermis by a focal collection of serous effusion. 





B- Fibrinous inflammation.  

A pink meshwork of fibrin exudate 

(right) overlies the pericardial 

surface. 





C- Suppurative (Purulent ) inflammation.    

A bacterial abscess in myocardium. 





 A- Multiple bacterial abscesses in the lung (arrows) in a case of              

         bronchopneumonia.  

 

 B- The abscess contains neutrophils and cellular debris, and is                 

         surrounded by congested blood vessels. 

Purulent inflammation 



Abscess that involves the skin is called  “Boil” or “furuncle”. 



This example of edema with inflammation is not trivial at all: there is 

marked laryngeal edema such that the airway is narrowed. This is life-

threatening. Thus, fluid collections can be serious depending upon their 

location  





Outcomes of acute inflammation 

- Complete resolution 

   Restoration of site of acute inflammation to normal. It involves 

       * Removal of the exudate, fibrin & debris  

       * Reversal of the changes in the microvasculature 

       *Replacement of lost cells (regeneration) 

- Healing  

   Connective tissue replacement: process of organization by fibrosis  

          through formation of Granulation Tissue. Why? 

       * Substantial tissue destruction or 

       * Tissue cannot regenerate or 

       * Extensive fibrinous exudates 

- Abscess formation 

- Progression to chronic inflammation 





(1) return to normal vascular  permeability  

 

(2) removal of edema fluid and  proteins  

       by drainage into lymphatics 

          , or  

(3) by macrophage pinocytosis  

 

(4) phagocytosis of apoptotic neutrophils 

          , and  

(5) necrotic debris by macrophages 

         ;  and  

(6) eventual exodus of macrophages.  

 

Note the central role of 

macrophages in resolution. 

Events in the complete resolution of inflammation: 



Events in the 

resolution of 

inflammation.  

 

Phagocytes clear the 

fluid, leukocytes and 

dead tissue,  

 

Fluid and proteins are 

removed by lymphatic 

drainage 



Effects of acute inflammation 

- Beneficial : 

        * Dilution of toxins 

        * Entry of antibodies 

        * Drug transport 

        * Fibrin formation 

        * Delivery of nutrients & oxygen 

        * Stimulation of the immune response 

 

- Harmful : 

        * Digestion of normal tissues 

        * Swelling 

        * Inappropriate inflammatory response 



Chronic inflammation  
 

Inflammation of prolonged duration ( months-years ),  

characterized by:  

     

 * Predominance of lymphocytes, plasma cells and macrophages 

 * Productive (fibrous tissue) rather than exudative through                
       formation of granulation tissue. 

 

- May arise in three ways: 

  * Progression from acute inflammation 

      - persistent suppuration 

      - presence of indigestible endogenous (dead bone, keratin) or 
          exogenous (dirt, wood, suture) materials. 

  * Repeated episodes of acute inflammation (chronic cholecystitis,   
          chronic peptic ulcer). 

  * Primary chronic inflammation. 



Primary chronic inflammation  

 

No initial phase of acute inflammation. Causes 

  

- Certain infections: e.g. tuberculosis, leprosy, brucellosis, viral         
       infections & some fungal infections 

  

- Prolonged exposure to potentially toxic agents: e.g. silica, lipids 

  

- Foreign body reactions 

  

- Some autoimmune diseases: e.g. rheumatoid arthritis 

  

- Specific diseases of unknown etiology: e.g. ulcerative colitis 

  

- Primary granulommatous diseases: e.g. sarcoidosis 



Causes of granulomatous inflammations  

 

Specific infections: 

  Mycobacteria (tuberculosis, leprosy, atypical mycobacteria), fungi, 
  parasites (larvae, eggs and worms), syphilis, cat- scratch disease 

 

Foreign bodies: 

   *Endogenous (keratin, necrotic bone, cholesterol crystals,              
         sodium urate) 

   *Exogenous (talc, silica, suture material, oils, silicone) 

 

Chemicals : Beryllium 

 

Drugs: Allopurinol, phenylbutazone, sulphonamides 

 

Unknown: Crohn’s disease, Sarcoidosis, Wegener’s granulomatosis 



Macrophages & Mononuclear Phagocytic System (MPS) 

 
* Macrophages are derived from the mononuclear phagocyte system  

         (MPS) that consists of:  

    - Blood monocytes 

    - Tissue macrophages: Kupffer cells (liver), sinus histiocytes (spleen  

         & LN), alveolar macrophages (lung), microglia (CNS) 

 

 

* Become activated mainly by  IFN- γ   secreted from T- lymphocytes 

   - This results in increased cell size, increased lysosomal enzymes,  

      more active metabolism, i.e. greater ability to kill ingested organisms  

  - Activated macrophages secrete biologically active products which  

      cause tissue destruction, vascular proliferation & fibrosis. 



Mononuclear Phagocytic System (MPS) 



Maturation of circulating 

monocytes into activated tissue 

macrophages.  



Macrophage-lymphocyte interactions in chronic inflammation. 

Activated lymphocytes and macrophages stimulate each other, and both 

cell types release inflammatory mediators that affect other cells.  

 

IFN-γ interferon-γ… IL-1 interleukin 1… TNF tumor necrosis factor.  



       Agent     Action   Source  

Migration inhibition 

factor (MIF) 

aggregation of 

macrophages at site of 

injury 

Activated T 

lymphocytes 

Macrophage 

activating 

factor (MAF)  

increased phagocytosis 

by macrophages  

Activated T 

lymphocytes  

Complement C5a  chemotactic for 

macrophages  

Complement system  

Eosinophil 

chemotactic 

factor of 

anaphylaxis  (ECF A)  

chemotactic for 

eosinophils in 

metazone infection  

Mast cells and 

basophils  

Mediators of chronic inflammation  



Special type of chronic inflammation in which the predominant cell  

        type is an epithelioid macrophage. 

 

- Epithelioid macrophage : Activated macrophage that has acquired  

       an enlarged, elongated squamous cell-like (epithelioid) appearance. 

       .They have secretory rather than phagocytic activity. 

 

- Macrophage Giant cell : A large cell having numerous nuclei.  

       Two main types: Foreign body GC & Langhan’s GC 

 

- Granuloma : An aggregate of epithelioid macrophages. 

        * ± a surrounding rim of mononuclear inflammatory cells. 

        * ± a surrounding rim of fibroblasts & fibrosis 

        * ± giant cells 

        * ± central necrosis e.g. caseating granulomas in TB 

Chronic granulomatous inflammation 









This is a low power view showing two, 

adjacent, well-defined, rounded 

granulomas . From this power the 

presence of multinucleated giant cells is 

obvious (arrow).  

 

 

 

 

 

 

 

 

 

This is a high power view showing a 

portion of  typical TB granuloma. Note 

the amorphous, pinkish central 

caseation, which is surrounded by a rim 

of epithelioid cells. 



Giant cells are a "committee" of epithelioid macrophages. Seen here are 

two Langhans type giant cells in which the nuclei are lined up around the 

periphery of the cell. Additional pink epithelioid macrophages compose 

most of the rest of the granuloma  



TB granulomas 

This is a high power view showing multinucleated giant cells 



     Langhan’s            Versus             FB giant cells 







Macroscopic appearances of Chronic inflammation 

- Chronic ulcer  

       local defect or loss of continuity in surface epithelia 

 

- Chronic abscess cavity 

 

- Induration & fibrosis 

 

- Thickening of the wall of a hollow viscous 

 

- Caseous necrosis 



Sharply delimited chronic 

peptic ulcer with converging 

folds of mucosa in the upper 

half 

Chronic peptic ulcer stomach 



Ulceration. A low-power view of a cross-section of a duodenal ulcer 

crater with an acute inflammatory exudate in the base.  

duodenal ulcer 



This is a larger ulceration. The cause for the ulceration in this case was 

an underlying neoplasm.  





This deformity of the hand is due to 

rheumatoid arthritis (RA). This 

autoimmune disease leads to synovial 

proliferation and joint destruction, 

typically in a symmetrical pattern 

involving small joints of hands and feet, 

followed by wrists, ankles, elbows, and 

knees.  

 

 

 

Chronic inflammation can go on for a long 

time. Seen here in the synovium of a 

patient with rheumatoid arthritis are 

collections of dark blue lymphocytes. 


