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Inflammation is the response of microcirculation (dilation!) to cell injury with net flow out of microcirculation (permeability!) and cell migration in venules.  Inflammation is signified by redness (rubor), swelling (tumor), heat (calor) and pain (dolor) as well as loss of function.

The purpose of inflammation:

· destroys or isolates an injurious agent

· prepares the tissue for the immune system response 

· initiates tissue repair.

	
	Acute inflammation
	Chronic inflammation

	time course
	min.(hrs.(days
	 > days

	edema
	Edema
	May or may not have edema

	cell types involved 
	Neutrophils
	lymphs, plasmas and macros

	course
	looks the same regardless of cause
	variety of forms:  granuloma and necrosis

	tissue change
	usually reversible
	fibrosis, angiogenesis


Edema is the excess fluid in the tissue space or serous cavities due to disrupted hydrostatic pressure.

· A transudate is an ultrafiltrate of blood plasma

· An exudate is an escape of fluid, proteins and blood cells from a vessel to the tissue space/ serous cavities.  Pus is purulent exudate with WBCs and cellular debris and lysosomal enzymes.
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Permeability patterns:

· Immediate transient response (mild injuries) 

(histamine ( contraction of endothelial cells(high concentration of histamine receptors)

(
 formation of intercellular gaps 1( in venules.

· Immediate sustained reaction (severe injuries)

necrosis of endothelium ( leakage from all levels of microcirculation

· Delayed prolonged response:  thermal injuries, x-rays, UV light, type IV hypersensitivity reactions

 
Vascular effects on WBCs:     margination ( adherance (TNF, IL-1) ( diapedesis

Events of the Tissue Space:

· Chemotaxis of neutrophils and monocytes ( Phagocytosis

Opsonization (IgG, C3b) ( receptors bind Fc, complement ( engulfment ( fusion of lysosome & phagosome 

· oxygen dependent bactericidal mechanism include respiratory burst ( free radicals; myeloperoxidase (neutrophils only)

· oxygen independent bactericidal mech: (pH, lysozyme, lactoferrin, hydrolases, defensin, BPI

· Damage from leukocyte products due to leakage from dying neutrophils and active macrophages

Free radical damage results in endothelial damage, ( vascular permeability (NO), inactivation of anti-proteases, and lipid peroxidation.  Natural antioxidants counter free radical damage including ceruloplasmin, transferrin, SOD, catalase and GSH peroxidase.

Defects in Leukocyte Function

· Leukopenia (( # of WBC’s) 

· Adherence defects which can be genetic ((CD 18 adhesion molecule of neutrophils).  Adherence defects also occur in DM but the mechanism is unkown.    

· Defects in migration and chemotaxis due to dysfunctional microtubles.

· Defects in phagocytosis 

· Defects in antimicrobial activity as occurs in recurrent bacterial infections.  

· Chediak-Higashi syndrome results as a defect in microtubule function and degranulation affecting both chemotaxiss and phagocytosis.

· Chronic granulomatous disease presents with (oxidative burtst and (NADPH oxidase.  Both defects inhibit proper phagocytic digestion.

· Myeloperoxidase deficiency also results in ( antimicrobial activitiy.

Inflammatory mediators:  

Vasoactive Amines
Complement/Bradykinin

Arachidonic acid
Lysosomal Products
Platelet Activating Factor

Cytokines
Vasoactive amines include histamine and serotonin. Both histamine and serotonin perform most of their functions intravascularly:
· Histamine 

· Histamine is released from platelets during aggregation 2( to C5a, endothelial injury, thrombosis or PAF derived from basophil/mast cell/eosinophil granules, macrophages, neutrophils or endothelial cells. Platelet Activating Factor (PAF) ( platelet aggregation w/ histamine and serotonin and causes bronchospasm as well as activating the arachidonic acid pathway.
· Basophils and mast cells release histamine during degranulation 2( to:  IgE (anaphylaxis), IL-1, C3a and C5a (anaphylatoxins), cationic proteins or heat/cold.
· Histamine dilates blood vessels, ( vascular permeability by causing contraction of endothelial cells in post capillary venules, and constricts large arteries.
· Serotonin (5-HT) is released from platelets and functions similarly to histamine as well as ( platelet aggregation.  

Complement System and the Hageman Factor:  

Plasma Proteases activate the complement system and the Hageman factor (XIIa).  The complement system is a cascade, which begins with the cleavage of C3/C5 and can be initiated through two pathways:

1. The classical pathway is  initiated by C1 + Ig’s through the activation of C1q

2. The alternative pathway is initiated by charged surfaces such as a microbial surface, gout crystals, snake venom.
The functions of complement include:

· ( vascular permeability, 1( venules (C5a, C3a)

· ( monocyte chemotaxis:  C5a triggers histamine release

· opsonization (C3b)

· lysis of target cells or microbes through MAC (C5b-C9)

· activation of LOX pathway (C5a)

· ( expression of WBC adhesion molecules (C5a)

The Hageman factor (XIIa) activates 

· The intrinsic pathway for coagulation.

· The kinin system through contact w/ CT. 

i.  The kinin system, in turn, activates the complement cascade

ii.  The kinin system converts prekallikrein ( kallikrein which cleaves kininogen (HMWK) to bradykinin.  Kallikrein can also activate XII.

iii.  Bradykinin mediates vascular permeability, smooth muscle contraction (arteriolar dilation, and pain

· Plamoinogen system:  XIIa activates plasmin( fibrinolysis. Plasmin activates the complement cascade by cleaving C3.  In turn, plasmin can also activate XII and increases vascular permeability of skin and lung through digestion of fibrin.
Arachidonic Acid (AA) is released from the plasma membrane by phospholipases A and C (PL-A/C) and is involved in inflammation through metabolism via the cyclo-oxygenase (COX) and lipoxygenase (LOX) pathways.

(see Fatty Acids under the Nutrition Table of Contents)

· The COX pathway involves COX-1 and COX-2 and converts arachidonic acid into thromboxanes and prostaglandins.  

· The LOX pathway involves the enzyme 5’ lipoxygenase (5-LO) and produces HPETE (hydroperoxyeicosatetraenoic acid) and its derivatives:  12-HPETE in platelets, 5- and 15-HPETE in leukocytes. 
Lysosomal products affect inflammation by causing tissue damage through enzymatic cleavage 2( acid/neutral proteases.
· Elastase degrades lung elastic tissue 

· Alpha 1 antitrypsin neutralizes neutrophil elastase

· (-1 AT is blocked by smoking ( elastin hydrolysis ( emphysema

· Genetic (-) of (-1 AT ( cirrhosis ((-1 AT prod. In LV) and emphysema

· Cationic proteins are monocyte chemotactic agents.

Platelet activating factor is produced by inflammatory cells (mast/basophil, neutrophil, mono/macrophage, plates), endothelial cells and damaged tissue.  It mediates inflammation by:

· ( platelet aggregation

· Stimulating release of histamine and 5-HT

· ( AA metabolism 

· Primes phagocytic cells to ( fxn

· ( chemotaxis

· ( degranulation

· ( vaso/bronchoconstriction or dilation

· ( [ PAF} > histamine as a vasodilator

· ( [PAF] ( vasoconstrictor as w/ a large thrombus

· ( leukocyte adhesion to endothelium

Cytokines are intercellular chemical messengers of the immune system comprised of polypeptides and (1() lymphokines.

· Regulate lymphocyte function:  IL-2, IL 4- growth, conversion to IgE; IL-10, TGF-(, PDGF (monocyte chemotaxis)

· Regulate natural immunity:  TNF(, IL1(, IFN-(/(, IL-6

· Activation of inflammatory cells:  IFN(, TNF(, TNF-( (monocytes), IL-5, IL-10, IL-12

· Stimulate hematopoiesis:  IL-3, IL-7, CSFs

Lymphokines are produced by sensitized T cells, esp. CD4+ cells.  They function as chemotactic agents, activators of immune cells and ( vascular permeability as well as ( B cell proliferation.

Monokines are produced by monos/macros including CSF’s (( lymph/myelo output), IL-1, TNF-(
· IL-1, TNF-(:  Endogenous pyrogens- induce acute phase response:

·  hypothalamus:   fever, loss of appetite, ( slow wave sleep

· ( release of neutrophils from marginated compartment into circulation

· (release of ACTH

· ( acute phase proteins from liver:  fibrinogen, c-reactive protein (activates complement)    
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liver shifts away from normal protein synth. ( ( albumin, transferrin, lactoferrin
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anemia of chronic inflammation

Fever is generated in response to circulating agents (pyrogens) which bind to hypothalamic receptors.  The hypothalamus 

relays information to the medulla (ANS) resulting in a massive sympathetic discharge through the reticulospinal tract, lateral horn, symp. ganglia to the vasculature.  Vasoconstriction of cutaneous vessels results in a loss of heat ( ( temp. which ( metabolism and ( bacterial reproduction.

· ( antithrombin ( anti-angiogenesis factor; ( neutro adherence/ endothelial activation by ( adherence proteins

· ( prostacyclin, CFs, NO, eicosanoids, 

· PAF 
- stimulate fibroblasts to produce chemotactic factors thus affecting the endothelium 

Summary of Acute Inflammation
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Release of toxic WBC products

CHRONIC INFLAMMATION-  >24- 48 HRS


Chronic inflammation has an insidious onset arising in weeks or months.  The primary causes of chronic inflammation include persistent infections, exposure to toxic agents (both endogenous and exogenous) and autoimmune disease.  Prominent features include the presence of mononuclear phagocytic cells and fibroblast proliferation resulting in angiogenesis and ( CT (both of which signify repair).


The first line of defense is the skin followed by neutrophils and macrophages in the tissue space.  The lymphatic system acts as a third line of defense as it drains microbes (and cancer) away from tissue space to lymph nodes ( immune system activation.  Lymphatics also drain fluid from tissue space ( ( edema.  After the lymphatics the last line of defense are the phagocytic cells of the liver, spleen and bone marrow.  Post splenectomy patients have difficulty dealing with bacterial infections, esp. GP bacteria.


Mononuclear phagocytes and the reticuloendothelial system originates from myeloid precursor cells.  Monocytes mature into macro phages in extravascular tissue which is marked by ((size, lysosomal enzymes, metabolism and phagocytic ability).  

· Activation occurs upon exposure to lymphokines (IFN(, IL-1, IL-8, TNF), endotoxins, contact w/ opsonized cells or fibronectin coated surfaces.

· Activated macrophages secrete acid hydrolases, phosphatases, lipases, plasma proteins (C-1 to C-5) and are involved in:

· Tissue injury:  toxic O2 metabolites, proteases, elastase, neutro chemotactic factors, coagulation factors V and VIII, AA metabolites, NO

· Fibrosis:  GFs (PDGF, FGF, TGF-(, EGF), fibrogenic cytokines, angiogenesis factor (FGF), collagenases, plasminogen activator.

	Macrophages
	Neutorphils

	no myeloperoxidase
	myeloperoxidase

	antigen presenting cell
	no antigen presenation

	Phagocytosis
	phagocytosis

	local mitoses
	no local mitoses

	first 24 hours
	> 24 hours

	produces IL-1, TNF(
	


· Macrophages are recruited from the peripheral circulation as monocytes by chemotactic factors (C5a, monokines, lymphokines, PDGF, TGF-(, collagen,/fibronectin).  After 24 hours in ciculation monocytes pick up antigen, migrate to the lymph nodes and become APCs.

· Macrophages can also initiate granuloma formation which form 2( to immune reactions.  Granulomas are focal areas of granulomatous inflammation consisting of aggregation of macros transformed into epitheloid cells surrounded by a collar of multinucleated leukocytes:  1( lymphs and some plasma cells.  Granulomas are seen in sarcoidosis, hisoplasmosis, cat scratch fever, berylium poisoning.  In Tb infection: 1( granuloma foramtion ( 2( casseating necrosis.
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MORPHOLOGICAL PATTERNS OF INFLAMMATION

Serous inflammation involves the body cavities and serous membranes as in pleursy,CHF (pleura, PC), joints (synovial capsusle), ascites.

Fibrinous inflammation results in exudate w/in body cavities.  In rheumatic fever, PC cavity is filled w/ fibrinous exudate casuing adhesion of visceral and parietal layers (bread and butter pericarditis).

Purulent inflammation results in pus formation in body cavities or as deep organ abscesses and appendicitis.

Chronic ulcers are d/t erosion of the mucosa and submucosa of the GI tract or epithelium of the skin.
Pseudomembranous inflammation results in the formation of an epithelial pseudomembrane as in diptheria, some cases of IMN, and C. difficile infection of the intestine.

