INFLAMMATION
Inflammation – represents a typical pathological process, an answer to cellular injury of different etiology, oriented toward diminishing activity and elimination of pathogenic factors from the body, delimitation of injuries, liquidation of injured structures and their replacement with viable structures. 
General biological characteristics of inflammation have several essential peculiarities:

1) Inflammation is a pathologic process - comprises phenomena of both means – injuries and physiological reactions of the body (protective, compensatory, reparative);This is fundamentally a protective response, designed to rid the organism of both the initial cause of cell injury (e.g., microbes, toxins) and the consequences of such injury (e.g., necrotic cells and tissues). Without inflammation infections would go unchecked, wounds would never heal, and injured tissues might remain permanent festering sores. In the practice of medicine the importance of inflammation is that it can sometimes be inappropriately triggered or poorly controlled, and is thus the cause of tissue injury in many disorders. The inflammatory response is closely intertwined with the process of repair. At the same time as inflammation destroys, dilutes, and walls off the injurious agent, it sets into motion a series of events that try to heal the damaged tissue. Repair begins during inflammation but reaches completion usually after the injurious influence has been neutralized. In the process of repair the injured tissue is replaced through regeneration of native parenchymal cells, by filling of the defect with fibrous tissue (scarring) or, most commonly, by a combination of these two processes.

2) Inflammation is a typical pathologic process – essentially, main pathogenetic mechanisms and inflammation manifestations don’t depend of cause which caused it, animal species and affected organ;

3)  Inflammation is the body answer to every injury with predominant local manifestations, but also with general reactions;

4) Inflammation represents a complex of vascular-tissular reactions and can develop only at the level of tissues and organs .Inflammation is a complex reaction in tissues that consists mainly of responses of blood vessels and leukocytes. The body's principal defenders against foreign invaders are plasma proteins and circulating leukocytes (white blood cells), as well as tissue phagocytes that are derived from circulating cells. The presence of proteins and leukocytes in the blood gives them the ability to home to any site where they may be needed. Because invaders such as microbes and necrotic cells are typically present in tissues, outside the circulation, it follows that the circulating cells and proteins have to be rapidly recruited to these extravascular sites. The inflammatory response coordinates the reactions of vessels, leukocytes, and plasma proteins to achieve this goal. The vascular and cellular reactions of inflammation are triggered by soluble factors that are produced by various cells or derived from plasma proteins and are generated or activated in response to the inflammatory stimulus. Microbes, necrotic cells (whatever the cause of cell death) and even hypoxia can trigger the elaboration of inflammatory mediators, and thus elicit inflammation. Such mediators initiate and amplify the inflammatory response and determine its pattern, severity, and clinical and pathologic manifestations.
Etiology of inflammation

Inflammation can be caused by numerous factors, general feature of which is the capacity to damage body structures (cells, cellular substances) and to modify antigenic homeostasis of the body. 

Etiologic factors, which cause inflammation, are called flogogenic factors. Flogogenic factors can be both, exogenous and endogenous.

Acute inflammatory reactions may be triggered by a variety of stimuli: 


• Infections (bacterial, viral, fungal, parasitic) and microbial toxins are among the most common and medically important causes of inflammation. Mammals possess many mechanisms for sensing the presence of microbes. Cells that participate in innate immunity (macrophages, dendritic cells etc…) are capable of recognizing certain microbial components that are shared among related microbes and are often essential for infectivity (and thus cannot be mutated to allow the microbes to evade the defense mechanisms). These microbial structures are called pathogen-associated molecular patterns. Leukocytes also recognize molecules released by injured and necrotic cells, which are called damage-associated molecular patterns. Collectively, the cellular receptors that recognize these molecules are often called pattern recognition receptors. Pattern recognition receptors are located in all the cellular compartments where microbes may be present: plasma membrane receptors detect extracellular microbes, endosomal receptors detect ingested microbes, and cytosolic receptors detect microbes in the cytoplasm. Several classes of these receptors have been identified.
• Tissue necrosis from any cause, including ischemia (as in a myocardial infarct), trauma, and physical and chemical injury (e.g., thermal injury, as in burns or frostbite; irradiation; exposure to some environmental chemicals). Several molecules released from necrotic cells are known to elicit inflammation; these include uric acid, a purine metabolite; adenosine triphosphate, the normal energy store; a DNA-binding protein of unknown function called HMGB-1; and even DNA when it is released into the cytoplasm and not sequestered in nuclei, as it should be normally. Hypoxia, which often underlies cell injury, is also itself an inducer of the inflammatory response. This response is mediated largely by a protein called HIF-1α (hypoxia-induced factor-1α), which is produced by cells deprived of oxygen and activates the transcription of many genes involved in inflammation, including vascular endothelial growth factor (VEGF), which increases vascular permeability.


• Foreign bodies (splinters, dirt, sutures) typically elicit inflammation because they cause traumatic tissue injury or carry microbes.


• Immune reactions (also called hypersensitivity reactions) are reactions in which the normally protective immune system damages the individual's own tissues. The injurious immune responses may be directed against self-antigens, causing autoimmune diseases, or may be excessive reactions against environmental substances or microbes. Inflammation is a major cause of tissue injury in these diseases. Because the stimuli for the inflammatory responses (i.e., self-tissues) cannot be eliminated, autoimmune reactions tend to be persistent and difficult to cure, are associated with chronic inflammation, and are important causes of morbidity and mortality. The inflammation is induced by cytokines produced by T lymphocytes and other cells of the immune system. The term immune-mediated inflammatory disease is often used to refer to this group of disorders.

All inflammatory reactions share the same basic features, although different stimuli may induce reactions with some distinctive characteristics.


Pathogeny of inflammation 

General mechanisms of inflammatory reaction are mainly genetic determined, phenomenon that explains stereotype evolution of the inflammation process with some modulation determined by specificity of etiological factors, biological species, individual peculiarities of the body and that of the organ where the inflammation develops. 

Inflammation represents a typical pathologic process, with reactions initiated and maintained by active biological substances, which are released, synthesized or activated in moment of harmful action of the pathogenic factor. These, represent so-called flogistic systems – morpho-functional systems responsible for development of the inflammatory reaction in response to structural injuries caused by the pathogenic factors (flogogens). So, etiologic injurious factor only causes the injuries on cellular level and through this triggers inflammation, which subsequently evaluates like a stereotype process.

The main pathogenic processes of inflammation are:

a) alteration – tissular injury;

b) release, activation or synthesis of active biological substances that maintain inflammation (inflammation mediators);

c) Vascular reactions – ischemia, arterial hyperemia, venous hyperemia, stasis, vascular hyperpermeability;

d) Exudation – liquid extravasation, inflammatory edema;

e) Blood cells emigration and infiltration of the affected organ with neutrophils, eosinophils, lymphocytes, monocytes;

f) Proliferation of cells of mesenchymal origin;

g) Regeneration. 
Stable consecutiveness of these processes evolution, predomination of one of these in different periods of inflammation, allowed dividing the inflammatory process in several phases:

1) alterative stage – alteration predominates – cellular injuries, dystrophy, necrosis;

2) vascular reaction stage – characterized by  rheological disorders, hyperpermeability of vessels, exudation, leucocyte migration;

3) proliferative and regenerative stage. 

Another periodization of inflammatory process is made in function of pathogeny and underline following stages:

1) initial stage with the trigger-mechanism, which corresponds to alteration phase;

2) stage of chemical mediation, which corresponds to microcirculatory reaction phase;

3) terminal stage, predominantly mediated by prostaglandins, which correspond to proliferative and regenerative stage.
ALTERATION IN INFLAMATORY PROCESS
Alteration (injury, destruction) is any persistent modification of cells and acellular elements structures at the level of tissues and organs accompanied by functional disorders.

 In inflammatory process the initial alteration is caused by the initial harmful factor and is named primary alteration. Subsequently, during development of inflammatory process, alteration can be a consequence of action of pathogenic factors – secondary alteration. The sum of these two alteration processes forms the total alteration.

Primary alteration represents structural and functional disorders provoked by the harmful factor (flogogenic factor) directly in the place where it acts. Primary alteration represents the trigger mechanism and initiates the onset of inflammation. More frequently, primary alteration has local character, but in case of massive invasion of injurious factor, can develop generalized injuries (ex: circulation of pancreatic trypsin and lipase in case of pancreatitis, harm the entire vascular bed and more organs).  Alteration can be localized at molecular, subcellular, cellular levels and can involve both, parenchyma of the organ (specific cells) as well as the stroma – blood and lymphatic vessels, nervous structures, acellular structures (fundamental substance of the connective tissue, elastic fibers, collagen fibers).

Manifestations of primary alteration can be: cell injuries, dystrophy, necrobiosis, necrosis, disintegration of intercellular structures, disintegration of nervous structures, blood and lymph vessels. Evolution of inflammatory process in initial phase, trigger stage, depends of amount and character of primary alteration, produced by the etiologic factor. Alteration has different morphopathologic forms. So, cellular alteration is manifested through different typical cell pathologic processes: cellular injuries, diverse forms of cell dystrophy (proteinic, lipid, hydric), necrobiosis (reversible process of cell death), necrosis (cell death). Acellular structural alteration is manifested through depolymerization of hyaluronic acid from connective tissue, fibrinoid and mucoid intumescence, disorganization of elastic and collagen fibers. Microvascular alteration is expressed through disorders of vascular wall integrity, extravasation of the intravascular liquid, erythrocytes diapedesis, bleeding, trans-capillary metabolic disorders, microcirculatory disorders (capillary stasis, thrombosis, sludge, lymphostasis and intravascular coagulation of the lymph), and rheological disorders. Nervous structures alterations (receptors, afferent nervous endings, nervous fibers, intramural neurons) involve disorder of the nervous integrity of the body (paralysis of the smooth muscles of the organs and that of blood vessels, trophic disorder, local release of mediators with respective effects).

Structural changes in the body lead to functional disorders. So, denaturation of complex molecules is associated with loss of specific functions or, contrary, lead to nonspecific activation (ex: activation of Hageman factor); disintegration of cellular organelles disturbing specific functions of these (DNA replication in the nucleus, protein synthesis in the ribosomes, oxidative phosphorylation in mitochondria and selective trans-membrane transport and intracellular homeostasis). Finally, there are metabolic disorders - catabolic processes exceed the anabolic ones, accumulation of metabolic intermediary products (lactic acid, ketone bodies, peptides, aminoacids, biogenic amines, cetoacids, ammonia arachidonic acid and prostaglandins, fatty acids, final products of lipid peroxidation). Catabolic processes are intensified due to release from injured cells of hydrolytic enzymes (proteolytic, glycolytic, lipolytic), which break down own proteins, carbohydrates, lipids. A major role has hyaluronidase, which depolymerize glycosoaminoglycans of fundamental substance of connective tissue, such contributing to expansion of pathogenic factor, enlarging alteration and inflammatory focus. Metabolic disorders that develop in inflammation lead to physical and chemical  modifications of the micro-ecology of the tissue, which are manifested through increased concentration of  H+ ions (metabolic acidosis), hyperosmia and increased oncotic pressure, tissular hyperhydration, accumulation of potassium ions. 

So, primary alteration comprises biochemical, physicochemical, structural modifications accompanied by functional disorders which develop as result of action of etiologic factor, which initiates inflammation.

Secondary alteration

Primary alteration, being the first effect of etiologic factor, also is the first pathogenetic factor; this, in accordance with the law of cause-effect relationship becomes the cause for the next effects. By this way, effects of  primary alteration are transformed subsequently in second order causes, which lead to second order effects; the last become the third order causes leading to third order effects etc..; such realizing a long and ramified pathogenic chain, which maintains the evolution of inflammation. 

Among successive effects triggered by primary alteration, there are both, physiological phenomena (protective, compensatory, reparatory) as well as pathological ones. The totality of pathological destructive phenomena triggered by primary alteration is called secondary alteration. 

The causes and pathogenesis of secondary alteration are the following:

1) Physicochemical modification of micro-ecology in inflammatory  focus -  intercellular acidosis, increased concentration of K+ ions, hyperosmia and increased oncotic pressure, interstitial  hyperhydration – lead to structural and functional modifications, metabolic disorders at the level of cells in affected area (cellular intumescence, dystrophy, necrobiosis, necrosis).

2) Neurotransmitters released from injured nervous structures (acetylcholine, noradrenaline) lead to specific vascular-tissular effects - vascular spasm, paralytic dilatation of vessels with hemodynamic, lymphodynamic, histotrophic modifications.

3) Accumulation of products of altered metabolism and substances with biologic activity – polypeptides formed in result of proteolytic enzymes activation, biogen amines (histamine, serotonin, tiramine), formed by amino acid decarboxylation, lipid peroxides, lactic acid which mediate specific vascular effects.

4) Accumulation of products of cellular desintegration – proteolytic, lipolytic, glycolytic enzymes, enzymes of tricarbonic acids cycle – lead to break down of respective substances.

5) Blood circulatory disorders in inflammatory focus (arterial and venous hyperemia, stasis, thrombosis) with respective physiopathologic consequences – lead to microcirculatory disorders, rheological disturbances, vessel hyper-permeability, metabolic disorders, as well as trophic and functional disturbances.

Effects of secondary alteration in association with effects of primary alteration form the summary alteration. Should be mention that mostly of time, secondary alteration exceeds the injuries volume of the primary alteration, caused by direct action of pathogenic inflammatory factor.Alteration (injury, destruction) is any persistent modification of cells and acellular elements structures at the level of tissues and organs accompanied by functional disorders.

 In inflammatory process the initial alteration is caused by the initial harmful factor and is named primary alteration. Subsequently, during development of inflammatory process, alteration can be a consequence of pathogenic factors action – secondary alteration. The sum of these two alteration processes forms the total alteration.

INFLAMMATORY MEDIATORS
`
Although different on onset, inflammatory reaction triggered by different etiologic factors, develops later on a common pathogenetic way, which is characteristic for all causes. This is explained by the fact that inflammation develops according to a genetic scenario, characteristic for a concrete species and person. That’s why after the onset of inflammatory process, the ethological factor is limited, and the main role play auto-catalytic processes or reactions which lead to release of inflammatory mediators – main pathogenetic factors. 
Inflammatory mediators are very numerous and have multiple actions but the final effects have the following biological aims:

- Protection of the body from the injurious action of the pathogenic factors, by diminishing its pathogenic activity and its elimination from the body;

- Delimitation and isolation of the focus of alteration, preventing expansion and generalization of the process;
- Development of inflammatory arterial hyperemia and abundant afflux of blood (and respectively afflux of blood cells)  in inflammatory focus;

- Facilitate the passage of blood cells from vascular bed into interstitial space by increasing permeability of vessels’ walls in inflammatory focus;

- Activate the passage of cells from vascular bed into interstitial space by chemoattractants formed in inflammatory focus;

- Retention in inflammatory focus of cells emigrated from blood vessels, assured by cytokines, which  inhibit migration;

- Stimulate proliferation of emigrated cells and that of connective tissue cells;

- Stimulation of reparative and regenerative processes in inflammatory focus, assured by cytokines -  growth factors;
• Mediators are generated either from cells or from plasma proteins. Cell-derived mediators are normally sequestered in intracellular granules and can be rapidly secreted by granule exocytosis (pre-synthetized mediators: e.g., histamine in mast cell granules) or are synthesized de novo (e.g., prostaglandins, cytokines) in response to a stimulus. The major cell types that produce mediators of acute inflammation are platelets, neutrophils, monocytes/macrophages, and mast cells, but mesenchymal cells (endothelium, smooth muscle, fibroblasts) and most epithelia can also be induced to elaborate some of the mediators. Plasma-derived mediators (e.g., complement proteins, kinins) are produced mainly in the liver and present in the circulation as inactive precursors that must be activated, usually by a series of proteolytic cleavages, to acquire their biologic properties.
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Cellular inflammatory mediators – are active biological substances originated from mast cells, basophils, leucocytes, neutrophils, eosinophils and thrombocytes. 

Mediators originated from basophiles and mast cells are: histamine, heparin, triptase, beta-glucosaminidase, chemotaxis factor for neutrophils and eosinophils, leukotrienes, prostaglandins, thromboxan. 

 Histamine is present in mast cell granules and is released by mast cell degranulation in response to a variety of stimuli, including (1) physical injury such as trauma, cold, or heat; (2) binding of antibodies to mast cells, which underlies allergic reactions; (3) fragments of complement called anaphylatoxins (C3a and C5a); (4) histamine-releasing proteins derived from leukocytes; (5) neuropeptides (e.g., substance P); and (6) cytokines (IL-1, IL-8). Histamine causes dilation of arterioles and increases the permeability of venules. It is considered to be the principal mediator of the immediate transient phase of increased vascular permeability, producing interendothelial gaps in venules, as we have seen. Its vasoactive effects are mediated mainly via binding to H1 receptors on microvascular endothelial cells.

Heparin – is an  acid mucopolysaccharide, main natural anticoagulant factor, with a direct action.

Triptase - enzyme, which activates the complement by alternative way, through C3 fragment breakdown and formation of C3b and C3a fragments with subsequent reactions till activation of C7, C8, C9 fragments. 

Beta-glucosaminidase –breakdown the glucosamine from fundamental acellular substance of connective tissue, increases permeability of intercellular matrix.

Chemoattractant factor for neutrophils and eosinophils - contributes to migration of polymorphonuclear leukocytes from vascular bed into inflammatory focus, where they perform their specific functions of phagocytosis and detoxification.
Mediators that originate from neutrophils are lysosomal enzymes are bactericide products, formed by oxygen-dependent and oxygen-independent ways, which perform intracellular microorganism devitalization.  From leucocyte lysosomal enzymes take part: glycolytic enzymes – glucosaminidase, galactosidase, glucuronidase, fructosidase, hyaluronidase, lysozim, neuraminidase; proteolytic enzymes – arylaminidase, catepsins, collagenase, elastase, chemotripsin-like substance, plasminogen activator; lipolytic enzymes –  lipase, cholesterol-esterase, glucocerebrosidasis, phospholipase A1 and A2, nucleotidasis (ARN-asis, DNA-asis), divers other enzymes – acid phosphatase, myeloperoxidase, peroxidase, phosphodiesterasis. Oxygen-dependent bactericide products are synthesized in fagocytes during activation of intracellular process of molecular O2 reduction by nicotinamid-dinucleotide (NADH) and reduced nicotinamiddinucleotid phosphate (NADPH). Final result is production of superoxide anion (O2-), hydrogen peroxide (H2O2), hydroxyl radical (OH-), halogens (OCl-).  These products have not only bactericide action, but nonspecific injurious action as well. 

From oxygen-independent bactericide products a major role have lysosomal enzymes, cationic proteins, which damage cellular membrane of microorganisms, lysozim (muraminidasis) - which break down  the muraminic acid from mucoproteins of microbial wall, lactoferin that bind iron ions necessary for vital activity of the microbe such performing their bactericide effects. 

Inflammatory mediators that originate from eosinophils represent the same oxygen dependent products like that of neutrophils and some specific mediators. Specific eosinophilic mediators include: 

1.
Cationic proteins and main basic protein with a direct anti-parasitic action;

2.
Peroxidase – that break down oxygen peroxide till H2O2 and atomar oxygen, and in presence of halogens forms OCl-;

3.
Histaminase – effectuates oxidative deamination of histamine,

4.
Arylsulphatase - inactivates leukotrienes;

5.
Phospholipase D – inactivate the thrombocyte activator factor;

6.
Perforins -    substances that form channels in the cellular membrane and produces microbial or parasite lysis, similar with the effect of C5-C9 complex of activated complement.

7.
Receptors for C3b, by which eosinophils fixed to complement fraction linked with multicellular organisms, releasing cationic proteins and perforins, main basic protein so killing  the parasites.

The main thrombocyte mediator is serotonin, stored and released during platelets aggregation. Serotonin is a monoamine, that induces arteriolar and smooth muscle spasm, increase vessel permeability. Serotonin (5-hydroxytryptamine) is a preformed vasoactive mediator with actions similar to those of histamine. It is present in platelets and certain neuroendocrine cells, e.g. in the gastrointestinal tract, and in mast cells in rodents but not humans. Release of serotonin (and histamine) from platelets is stimulated when platelets aggregate after contact with collagen, thrombin, adenosine diphosphate, and antigen-antibody complexes. Thus, the platelet release reaction, which is a key component of coagulation, also results in increased vascular permeability. This is one of several links between clotting and inflammation.

The lymphocyte mediators are secreted by sensitized lymphocyte by an antigen and are named -lymphokines. From these take part:

1. Mitogen factor, which non-specifically stimulates proliferation of non-sensitized lymphocyte proliferation;

2. Factor of vascular wall hyperpermeability;

3. Lymphocytotoxin -  have direct cytotoxic action;

4. Chemoattractant factor, which contributes to lymphocyte migration from vascular bed into inflammatory focus;

5. Inhibitory factor of macrophage migration, which immobilizes emigrated macrophages in the tissues and fixes these in inflammatory focus.

Arachidonic Acid (AA) Metabolites: Prostaglandins, Leukotrienes and Lipoxin

(Eicosanoids system)

When cells are activated by diverse stimuli, such as microbial products and various mediators of inflammation, membrane AA is rapidly converted by the actions of enzymes to produce prostaglandins and leukotrienes. These biologically active lipid mediators serve as intracellular or extracellular signals to affect a variety of biologic processes, including inflammation and hemostasis.

AA 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. Mechanical, chemical, and physical stimuli or other mediators (e.g., C5a) release AA from membrane phospholipids through the action of cellular phospholipases, mainly phospholipase A2. The 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. AA-derived mediators, also called eicosanoids, are synthesized by two major classes of enzymes: cyclooxygenases (which generate prostaglandins) and lipoxygenases (which produce leukotrienes and lipoxins). Eicosanoids bind to G protein–coupled receptors on many cell types and can mediate virtually every step of inflammation. 


•   Prostaglandins (PGs) are produced by mast cells, macrophages, endothelial cells, and many other cell types, and are involved in the vascular and systemic reactions of inflammation. They are produced by the actions of two cyclooxygenase, the constitutively expressed COX-1 and the inducible enzyme COX-2. Prostaglandins are divided into series based on structural features as coded by a letter (PGD, PGE, PGF, PGG, and PGH) and a subscript numeral (e.g., 1, 2), which indicates the number of double bonds in the compound. The most important ones in inflammation are PGE2, PGD2, PGF2α, PGI2 (prostacyclin), and TxA2(thromboxane), each of which is derived by the action of a specific enzyme on an intermediate in the pathway. TxA2, a potent platelet-aggregating agent and vasoconstrictor, is itself unstable and rapidly converted to its inactive form TxB2. Vascular endothelium lacks thromboxane synthetase but possesses prostacyclin synthetase, which leads to the formation of prostacyclin (PGI2) and its stable end product PGF1α. Prostacyclin is a vasodilator, a potent inhibitor of platelet aggregation, and also markedly potentiates the permeability-increasing and chemotactic effects of other mediators. PGD2 is the major prostaglandin made by mast cells; along with PGE2 (which is more widely distributed), it causes vasodilation and increases the permeability of post-capillary venules, thus potentiating edema formation. PGF2α.

• The lipoxygenase enzymes are responsible for the production of leukotrienes, which are secreted mainly by leukocytes, are chemoattractants for leukocytes, and also have vascular effects. There are three different lipoxygenases, 5-lipoxygenase being the predominant one in neutrophils. This enzyme converts AA to 5-hydroxyeicosatetraenoic acid, which is chemotactic for neutrophils, and is the precursor of the leukotrienes. LTB4 is a potent chemotactic agent and activator of neutrophils, causing aggregation and adhesion of the cells to venular endothelium, generation of ROS, and release of lysosomal enzymes. The leukotrienes C4, D4, and E4 (LTC4, LTD4, LTE4) cause intense vasoconstriction, bronchospasm (important in asthma), and increased vascular permeability. Leukotrienes are much more potent than is histamine in increasing vascular permeability and causing bronchospasm.
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Generation of arachidonic acid metabolites and their roles in inflammation.

(from Robbins- Cotran; Pathologic basis of disease)
Cytokines and Chemokines

Cytokines are proteins produced by many cell types (principally activated lymphocytes and macrophages, but also endothelial, epithelial, and connective tissue cells) that modulate the functions of other cell types. Long known to be involved in cellular immune responses, these products have additional effects that play important roles in both acute and chronic inflammation. 
TNF and IL-1 are two of the major cytokines that mediate inflammation. They are produced mainly by activated macrophages. The secretion of TNF and IL-1 can be stimulated by endotoxin and other microbial products, immune complexes, physical injury, and a variety of inflammatory stimuli. Their most important actions in inflammation are their effects on endothelium, leukocytes, and fibroblasts, and induction of systemic acute-phase reactions. In endothelium they induce a spectrum of changes referred to as endothelial activation. In particular, they induce the expression of endothelial adhesion molecules; synthesis of chemical mediators, including other cytokines, chemokines, growth factors, eicosanoids, and NO; production of enzymes associated with matrix remodeling; and increases in the surface thrombogenicity of the endothelium. TNF also augments responses of neutrophils to other stimuli such as bacterial endotoxin.
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Principal local and systemic actions of tumor necrosis factor (TNF) and interleukin-1 (IL-1). (from Robbins-Cotran; Pathologic basis of disease)
Chemokines are a family of small (8 to 10 kD) proteins that act primarily as chemoattractants for specific types of leukocytes. About 40 different chemokines and 20 different receptors for chemokines have been identified. They are classified into four major groups, according to the arrangement of the conserved cysteine (C) residues in the mature proteins. Chemokines have two main functions: they stimulate leukocyte recruitment in inflammation and control the normal migration of cells through various tissues. Some chemokines are produced transiently in response to inflammatory stimuli and promote the recruitment of leukocytes to the sites of inflammation. Other chemokines are produced constitutively in tissues and function to organize different cell types in different anatomic regions of the tissues. In both situations, chemokines may be displayed at high concentrations attached to proteoglycans on the surface of endothelial cells and in the extracellular matrix.
PLASMA PROTEIN–DERIVED MEDIATORS

A variety of phenomena in the inflammatory response are mediated by plasma proteins that belong to three interrelated systems: the complement, kinin, and clotting systems.

Complement System

The complement system consists of more than 20 proteins, some of which are numbered C1 through C9. This system functions in both innate and adaptive immunity for defense against microbial pathogens. In the process of complement activation several cleavage products of complement proteins are elaborated that cause increased vascular permeability, chemotaxis, and opsonization.
Complement proteins are present in inactive forms in the plasma, and many of them are activated to become proteolytic enzymes that degrade other complement proteins, thus forming an enzymatic cascade capable of tremendous amplification. The critical step in complement activation is the proteolysis of the third (and most abundant) component, C3. Cleavage of C3 can occur by one of three pathways: the classical pathway, which is triggered by antibodies (IgM or IgG) that has combined with antigen; the alternative pathway, which can be triggered by microbial surface molecules (e.g., endotoxin, or LPS), complex polysaccharides, cobra venom, and other substances, in the absence of antibody; and the lectin pathway, in which plasma mannose-binding lectin binds to carbohydrates on microbes and directly activates C1. 
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Activation of complement and its role in inflammatory response. 

(from Robbins-Cotran; Pathologic basis of disease)
The biologic functions of the complement system fall into three general categories:

• Inflammation. C3a, C5a, and, to a lesser extent, C4a are cleavage products of the corresponding complement components that stimulate histamine release from mast cells and thereby increase vascular permeability and cause vasodilation. They are called anaphylatoxins because they have effects similar to those of mast cell mediators that are involved in the reaction called anaphylaxis. C5a is also a powerful chemotactic agent for neutrophils, monocytes, eosinophils, and basophils. In addition, C5a activates the lipoxygenase pathway of AA metabolism in neutrophils and monocytes, causing further release of inflammatory mediators.

  • Phagocytosis. C3b and its cleavage product C3b (inactive C3b), when fixed to a microbial cell wall, act as opsonins and promote phagocytosis by neutrophils and macrophages, which bear cell surface receptors for the complement fragments.

  • Cell lysis. The deposition of the MAC (membrane attack complex; C5-C9) on cells makes these cells permeable to water and ions and results in death (lysis) of the cells.
Inflammation and blood clotting are often intertwined, with each promoting the other. The clotting system is divided into two pathways that converge, culminating in the activation of thrombin and the formation of fibrin. The intrinsic clotting pathway is a series of plasma proteins that can be activated by Hageman factor (factor XII), a protein synthesized by the liver that circulates in an inactive form. Factor XII is activated upon contact with negatively charged surfaces, for instance when vascular permeability increases and plasma proteins leak into the extravascular space and come into contact with collagen, or when it comes into contact with basement membranes exposed as a result of endothelial damage. Inflammation increases the production of several coagulation factors, makes the endothelial surface pro-thrombogenic, and inhibits anticoagulation mechanisms, thus promoting clotting. Conversely, thrombin, a product of clotting, also promotes inflammation.

Kinins are vasoactive peptides derived from plasma proteins, called kininogens, by the action of specific proteases called kallikreins. The kinin and coagulation systems are also intimately connected. The active form of factor XII, factor XIIa, converts plasma prekallikrein into an active proteolytic form, the enzyme kallikrein, which cleaves a plasma glycoprotein precursor, high-molecular-weight kininogen, to produce bradykinin. Bradykinin increases vascular permeability and causes contraction of smooth muscle, dilation of blood vessels, and pain when injected into the skin. These effects are similar to those of histamine. The action of bradykinin is short-lived, because it is quickly inactivated by an enzyme called kininase. Kallikrein itself is a potent activator of Hageman factor, allowing for autocatalytic amplification of the initial stimulus. Kallikrein has chemotactic activity, and it also directly converts C5 to the chemoattractant product C5a.
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Interrelationships between the four plasma mediator systems triggered by activation of factor XII (Hageman factor).

(from Robbins and Cotran; Pathologic basis of disease)
At the same time that factor XIIa is inducing fibrin clot formation, it activates the fibrinolytic system. This cascade counterbalances clotting by cleaving fibrin, thereby solubilizing the clot. Kallikrein, as well as plasminogen activator (released from endothelium, leukocytes, and other tissues), cleaves plasminogen, a plasma protein that binds to the evolving fibrin clot to generate plasmin, a multifunctional protease. The fibrinolytic system contributes to the vascular phenomena of inflammation in several ways. Although the primary function of plasmin is to lyse fibrin clots, during inflammation it also cleaves the complement protein C3 to produce C3 fragments, and it degrades fibrin to form fibrin split products, which may have permeability-inducing properties. Plasmin can also activate Hageman factor, which can trigger multiple cascades, amplifying the response.
VASCULAR REACTIONS IN INFLAMATORY PROCESS
Under the action of above mentioned mediators, in the inflammatory focus develop some subsequent vascular reactions, with a maximum manifestation in a certain stage of inflammatory reactions. 

From inflammatory vascular reaction and accompany phenomena take part: ischemia, arterial hyperemia, venous hyperemia, stasis, vessel hyperpermeability, exudation, intravascular aggregation of blood cells, thrombosis, lymphostasis, diapedesis and leukocyte emigration. 

Ischemia represents a short vascular reaction (sometimes can be absent), which develops immediately after action of flogogen factors, and is the result of direct action of toxic factor or is a result of release of vasoconstrictor mediators from injured nerve endings (noradrenaline). Because of its short duration of action this doesn’t have an important role in inflammation evolution.

Arterial hyperemia is installed immediately after ischemia, is limited in the area of involved tissue and has an important role in genesis of vascular and tissular reactions. Inflammatory arterial hyperemia is caused by inflammatory mediators (histamine, anaphylatoxins - C3a, C4a, C5a, bradykinin, serotonin, prostaglandin PGE2). 

Characteristic features of inflammatory arterial hyperemia, similar with other forms of arterial hyperemia, represent overfilling of capillaries, arterioles, venules of inflamed tissue with blood, increased blood flux through tissue, associated metabolic effects (abundant oxygenation, metabolic intensification). Exteriorization of hyperemia is similar with other types of hyperemia: redness, increased local temperature, increased volume of tissue. 

Biologic role of inflammatory arterial hyperemia is predominantly beneficial. Increased blood flux assures in the inflammatory tissue optimal trophic conditions, which increase resistance to harmful effects of pathogenic factors and creates conditions for reparative processes. Another beneficial effect of arterial hyperemia is abundant influx and accumulation of leukocytes in vessels of inflammatory tissue, which later will lead to release of inflammatory mediators, phagocytosis, cellular infiltration, proliferation and regeneration. Concomitantly with favorable effects, arterial hyperemia can have unfavourable consequences like hemorrhage from dilated vessels, spread from inflammatory focus of biologic active and toxic substances, with general effects, dissemination of pathogen agent and development of secondary inflammatory foci.

 Specificity of inflammatory arterial hyperemia, comparative with other non-inflammatory types, is the paralytic (vessels don’t react on vasoconstrictor stimuli) and persistent (because mediators are continuously synthesized and vessels are continuously dilated) character. Lack of blood vessels reactivity to vasoconstrictor stimuli is explained by tissular acidosis and potassium excess. The third peculiarity is the fact that arterial hyperemia is accompanied by increased blood flux resistance and vascular wall hyperpermeability. 

Increased vessels resistance in the inflammatory focus is explained by hemoconcentration and increased blood viscosity because of extravasation of intravascular liquid (exudation), by  microcirculatory disorder caused by blood cells adhesion and aggregation, rheological disorder, thrombosis, endothelial cells swelling and incongruence which narrow vessel diameter, increased mechanical pressure in the tissue due to edema with  blood vessels compression (capillaries, venules). All above mentioned factors lead to progressive decrease of hemocirculatory speed, even in the first stage of arterial hyperemia. 

Hyperpermeability of vessels in microcirculatory unit (arterioles, venules, capillaries) is a specific feature of inflammatory arterial hyperemia and persist from the beginning till resolution of the process. This phenomena can be explained by inflammatory mediator action and the mechanism consist in activation of contractile apparatus of endothelial cells, contraction of these such becoming more spherical, dilatation of spaces between endothelial cells with abundant filtration of intravascular liquid and macromolecular substances, transport of intravascular liquid in the interstitial tissue by pinocytosis and vesiculation. Should be mentioned that during inflammation, basal membrane of vascular wall preserves its integrity. 

So, endothelial cell reaction has triple action: hyperpermeability and liquid extravasation through intercellular space, extravasation of liquid through trans-endothelial transport (pinocytosis and vesiculation) and slow of blood stream. Endothelium reaction persists along inflammatory process.

The role of inflammatory arterial hyperemia consists in hyperperfusion of inflamed organs, abundant supply of nutritive substances and oxygen with elimination of metabolic wastes and products of cell desintegration as well as products of microbial vital activity. A special importance has abundant influx of leukocytes, which further will emigrate in inflammatory focus.

 Venous inflammatory hyperemia develops after evolution of arterial hyperemia. This transformation has several causes:

- endothelial factors - endothelial cells are more spherical such narrowing vascular diameter; decreased negative charge of endothelium which lead to adhesion of blood cells;

- plasmatic factors – which develop after liquid extravasation – hemoconcentration, increased blood viscosity and hematocrit index, increased hemocirculatory resistance;

- rheological factors – as result of inflammatory mediators (thromboxane) action, develop thrombocyte and erythrocyte aggregation, blood coagulation and thrombosis (active Hageman factor);

- extravascular factors - tissue edema as result of extravasation due to blood and lymph vessels compression, which provoke hemostasis  and lymphostasis.

 
Manifestations of venous hyperemia are difficult blood reflux, venules extra-filling with venous blood, slow blood speed, hypoxia, decreased oxidative processes and intensification of anaerobic ones, hyponutrition, decrease of protective and reparative potential of the tissue, metabolic acidosis, edema. 

Blood prestasis and stasis are results of venous hyperemia evolution and have mixed pathogeny – venous stasis and capillary stasis. In prestasis stage there are pulsatile movements of blood in capillaries, in stasis – stop of hemocirculation in capillaries, postcapillaries and venules. In stasis, which persists for a long time, develop intravascular aggregation of blood cells, thrombosis, micro-hemorrhages, hypoxic and acidotic  metabolic disorders, hypoxic cellular injuries, dystrophy and necrosis. 

Biological role of venous hyperemia, prestasis and stasis consists in creation of necessary conditions for emigration and accumulation in the inflammatory focus of biologic active substances and blood cells. Concomitantly, blood and lymph stasis reduce the drainage by hematogen way, such isolating the inflammatory focus and preventing its generalization. 

Negative consequences consist in disorders of tissular metabolism with spread and deepen of secondary alteration. 

Intravascular aggregation of blood cells is triggered by thromboxan, that contributes to thrombocyte aggregation, thrombocyte and erythrocyte physicochemical changes (protein molecules attach to the surface of cellular membrane, diminishing negative charge which is favoured by decreased albumin/globulin ratio in the blood plasma), blood concentration, slow hemodynamics. So, changed rheological properties of the blood will damage even more the microcirculation. 

 Intravascular thrombosis is favoured by intravascular erythrocyte aggregation and is initiated by thrombocyte aggregation and Hageman factor activation or by complement activation. Thrombosis consequences are irreversible disorders of circulation (stasis) with metabolic and trophic effects, which lead to tissular necrosis of involved tissue. 

Lymphostasis is conditioned by mechanical compression of lymphatic vessels, by block of lymph drainage and by lymph coagulation – a process that is identical with blood coagulation. Like hemostasis, lymphostasis apart from its negative effects has a positive biological role – block of lymph drainage from inflamed tissue stop the dissemination of pathologic germs from inflammatory focus in the entire body.

 Final effects of vascular reactions are accumulation in the inflammatory focus of mesenchymal cells with protective, trophic, and reparative functions, localization of inflammatory process and lowering the risk of dissemination of pathogenic factor.  

Exudation in inflammatory focus

Exudation (inflammatory edema) represents the extravasation of intravascular liquid in the interstitial space or serous cavities of the body. 
Factors of extravasation are multiple:

1. Increased hydrostatic pressure of blood in capillaries, postcapillaries and venules as result of venous hyperemia and stasis, which leads to intensification of filtration process in the proximal segment of the metabolic vessels and, at the same time, limits reabsorption (intravasation) of the interstitial liquid in the distal microcirculatory unit; in case of lymph stasis the final result is the retention of excess liquid in the interstitial space (edema);

2. Increased permeability of vascular wall, which results with passive passage and trans-endothelial transport of the liquid by means of pinocytosis and vesicle formation, extravasation of macromolecular substances and concomitant transport of water;

3.  Increased oncotic pressure in the interstitial space created by proteins that come here from blood vessels and fragmentation of the polymeric substances;

4. Increased osmotic pressure in the interstitial space developed as result of increased concentration of micromolecular substances in the interstitial liquid;

5. Increased hydrophilic properties of intercellular colloids (especially that of glucosaminoglicans) as result of tissular acidosis, which leads to excessive accumulation of water.

Exudate composition depends on the flogogenic factor specificity and degree of vascular wall damage. So, even in physiological normal condition at the level of metabolic vessels there is filtration of intravascular liquid (extravasation) and reabsorption of interstitial liquid (intravasation); but should be mentioned that in physiological conditions filtration of intravascular liquid slightly prevail reabsorption,  the difference in volume represents the lymph, which flows through the lymphatic vessels. In simple venous hyperemia (non-inflammatory) there is a considerable predomination of filtration over reabsorption – transudation, without serious vessels injuries, so the transudate composition remain almost the same as that of interstitial liquid formed in normal conditions. 

In inflammatory hyperemia, the composition of filtrated liquid called exudate, is different from the composition of transudate:

 - contains more than 2% proteins, these having high molecular weight (globulin, fibrinogen);

-  contains cells (erythrocytes, thrombocyte, leucocytes);

- in case of infectious inflammation, exudates is septic – contains pathogenic agents and its vital products (toxins, enzymes, antigens).


In function of exudate composition we can distinguish some types: serous, fibrinous, hemorrhagic, purulent, putrid exudate. 

Serous exudates – contains up to 3% low molecular weight proteins (predominantly albumins), few neutrophils, these determining its physical properties – low viscosity (watery), fluid (flow easily), almost transparent. Is frequently encountered in the serous inflammation (peritonitis, pericarditis, pleuritis).

Fibrinous exudate – contains high molecular weight proteins (globulins) and fibrinogen, the last being transformed into fibrin, which causes the clotting of exudate, which has a gel consistence, and attach to the tissues, blocking the drainage (ex: adhesive fibrinous pericarditis).

Hemorrhagic exudate – occurs as result of increased vessel permeability, contains erythrocytes that leaved vessels by diapedesis, making characteristic appearance of this type of exudate.

Purulent exudate – contains a large amount of dead and degenerated neutrophils, that accomplished phagocytosis (purulent bodies) and big amount of dead and alive microorganisms and their vital activity products (exotoxins, endotoxins, antigenes), products of own tissue injuries (lysosomal enzymes, K+, H+).

Biological role of exudate is not unequivocal: by one hand it contains inflammatory mediators, that maintain inflammation, specific and nonspecific protection factors (antibodies, phagocytes, sensitized lymphocytes, complement, lysosim), and by other hand, exudate contains proteolytic enzymes, fragments of activated complement, Hageman factor, all these causing secondary tissue alteration.

Leukocytes emigration in inflammatory focus. Phagocytosis.

Leukocytes emigration represents their exit from the vascular bed into interstitial space. This phenomenon is characteristic not only for the inflammatory process; it is a physiologic process of leukocytes recirculation in order to perform their protective functions by the rout: blood vessels( interstitial space( lymph and lymphatic ganglia( blood vessels. The major peculiarity of inflammation is the fact that migratory cells are retained in the inflammatory focus, where gathered in great amounts and fulfill their specific functions. So, in inflammation, there isn’t only the leukocytes emigration but also their accumulation in the interstitial space and their activation. These reactions are realized by different specific mechanisms.  

Chemotaxis (comes from chemei – chemistry and taxis – tropism) represents the movement force of leukocytes emigration from the blood vessels into inflammatory focus. 
The journey of leukocytes from the vessel lumen to the interstitial tissue, called extravasation, can be divided into the following steps: 

 1.In the lumen: margination, rolling, and adhesion to endothelium. Vascular endothelium in its normal, unactivated state does not bind circulating cells or impede their passage. In inflammation the endothelium is activated and can bind leukocytes, as a prelude to their exit from the blood vessels.


2. Migration across the endothelium and vessel wall


3. Migration in the tissues toward a chemotactic stimulus.

Leukocyte adhesion to endothelium
In normally flowing blood in venules, red cells are confined to a central axial column, displacing the leukocytes toward the wall of the vessel. Because blood flow slows early in inflammation (stasis), hemodynamic conditions change (wall shear stress decreases), and more white cells assume a peripheral position along the endothelial surface. This process of leukocyte redistribution is called margination. Subsequently, individual and then rows of leukocytes adhere transiently to the endothelium, detach and  bind again, thus rolling on the vessel wall. The cells finally come to rest at some point where they adhere firmly (resembling pebbles over which a stream runs without disturbing them).

The adhesion of leukocytes to endothelial cells is mediated by complementary adhesion molecules on the two cell types whose expression is enhanced by cytokines. Cytokines are secreted by cells in tissues in response to microbes and other injurious agents, thus ensuring that leukocytes are recruited to the tissues where these stimuli are present. The initial rolling interactions are mediated by a family of proteins called selectins. The expression of selectins and their ligands is regulated by cytokines produced in response to infection and injury. These are low-affinity interactions with a fast off-rate, and they are easily disrupted by the flowing blood. As a result, the bound leukocytes bind, detach, and bind again, and thus begin to roll along the endothelial surface. These weak rolling interactions slow down the leukocytes and give them the opportunity to bind more firmly to the endothelium. Firm adhesion is mediated by a family of heterodimeric leukocyte surface proteins called integrins. TNF and IL-1 induce endothelial expression of ligands for integrins, mainly vascular cell adhesion molecule 1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1).

Leukocyte migration through endothelium.

The next step in the process of leukocyte recruitment is migration of the leukocytes through the endothelium, called transmigration or diapedesis. Transmigration of leukocytes occurs mainly in post-capillary venules. Chemokines act on the adherent leukocytes and stimulate the cells to migrate through interendothelial spaces toward the chemical concentration gradient, that is, toward the site of injury or infection where the chemokines are being produced. Several adhesion molecules present in the intercellular junctions between endothelial cells are involved in the migration of leukocytes. These molecules include a member of the immunoglobulin superfamily called PECAM-1 (platelet endothelial cell adhesion molecule) and several junctional adhesion molecules. After traversing the endothelium, leukocytes pierce the basement membrane, probably by secreting collagenases, and enter the extravascular tissue. The cells then migrate toward the chemotactic gradient created by chemokines and accumulate in the extravascular site. 
Chemotaxis of leukocytes.

After exiting the circulation, leukocytes emigrate in tissues toward the site of injury by a process called chemotaxis, which is defined as locomotion oriented along a chemical gradient. Both exogenous and endogenous substances can act as chemoattractants – chemotactic substances of cellular, humoral, microbial origins. From cellular chemotactic substances can be mentioned: chemotactic factor for neutrophils and chemotactic factor for eosinophils released by the mast cells, histamine, lysosomal enzymes, lymphokines, prostaglandin, thromboxan, leukotrienes, cationic proteins, cytokines (tumor necrosis factor, interleukins). From humoral chemoattractant substances can be numerated: fragments of activated complement - C3a, C4a, C5a, plasmin, fibrin, fibrinopeptides D and E. Bacterial chemotactic substances are represented by bacterial endotoxins, carbohydrates, glyco-   lipopeptides, polypeptides, aminoacids, nucleoproteins, polypeptides. All these chemotactic agents bind to specific seven-transmembrane G protein–coupled receptors on the surface of leukocytes. Signals initiated from these receptors result in activation of second messengers that increase cytosolic calcium and activate small guanosine triphosphatases as well as numerous kinases. These signals induce polymerization of actin, resulting in increased amounts of polymerized actin at the leading edge of the cell and localization of myosin filaments at the back. The leukocyte moves by extending filopodia that pull the back of the cell in the direction of extension, much as an automobile with front-wheel drive is pulled by the wheels in front . The net result is that leukocytes migrate toward the inflammatory stimulus in the direction of the gradient of locally produced chemoattractants. 
In the inflammatory process, there is a certain succession of leukocytes emigration: granulocytes -monocytes - lymphocytes. Leukocytes emigration represents a selective process, depending on the chemotactic substances nature and concentration of these in the inflammatory focus, as well as degree of chemotactic receptors expression on the leukocytes membrane. That is why, the cellular composition of the inflammatory exudates is not similar in all cases, being in a strong relation with the pathogenic factor and inflammation character. So, in cocci inflammation, mainly neutrophils emigrate, resulting in pus formation (purulent inflammation caused by cocci). Parasites invasions are characterized mainly by eosinophils emigration, which realize anti-parasitic nonspecific immunity. In chronic infection, caused by pathogenic germs, that contain thymus-dependent antigens and that can multiply inside the macrophages, mainly emigrate lymphocytes and monocytes – effectors of cellular immune reaction (ex: in tuberculosis, brucellosis, leprosy). 

Leucocytes emigrated in the inflammatory focus perform their nonspecific protection, phagocytosis, specific immune reactions. 
Phagocytosis

Phagocytosis involves three sequential steps: (1) recognition and attachment of the particle to be ingested by the leukocyte; (2) its engulfment, with subsequent formation of a phagocytic vacuole; and (3) killing or degradation of the ingested material. 
•Recognition and attachment of the particle to be ingested by the leukocyte

Mannose receptors, scavenger receptors, and receptors for opsonins  all function to bind and ingest microbes. The macrophage mannose receptor is a lectin that binds terminal mannose and fucose residues of glycoproteins and glycolipids. These sugars are typically part of molecules found on microbial cell walls, whereas mammalian glycoproteins and glycolipids contain terminal sialic acid or N-acetylgalactosamine. Therefore, the mannose receptor recognizes microbes and not host cells. Scavenger receptors were originally defined as molecules that bind and mediate endocytosis of oxidized or acetylated low-density lipoprotein (LDL) particles that can no longer interact with the conventional LDL receptor. Macrophage scavenger receptors bind a variety of microbes in addition to modified LDL particles. Macrophage integrins, notably Mac-1, may also bind microbes for phagocytosis.

The efficiency of phagocytosis is greatly enhanced when microbes are opsonized by specific proteins (opsonins) for which the phagocytes express high-affinity receptors. As described above, the major opsonins are IgG antibodies, the C3b breakdown product of complement, and certain plasma lectins, notably mannan-binding lectin, all of which are recognized by specific receptors on leukocytes.
•Engulfment

After a particle is bound to phagocyte receptors, extensions of the cytoplasm (pseudopods) flow around it, and the plasma membrane pinches off to form a vesicle (phagosome) that encloses the particle. The phagosome then fuses with a lysosomal granule, resulting in discharge of the granule's contents into the  phagolysosome. During this process the phagocyte may also release granule contents into the extracellular space. The process of phagocytosis is complex and involves the integration of many receptor-initiated signals to lead to membrane remodeling and cytoskeletal changes. Phagocytosis is dependent on polymerization of actin filaments; it is, therefore, not surprising that the signals that trigger phagocytosis are many of the same that are involved in chemotaxis. 

•Killing and degradation
The final step in the elimination of infectious agents and necrotic cells is their killing and degradation within neutrophils and macrophages, which occur most efficiently after activation of the phagocytes. Microbial killing is accomplished largely by reactive oxygen species (ROS, also called reactive oxygen intermediates) and reactive nitrogen species, mainly derived from nitric oxide (oxigen-dependent mechanisms). The generation of ROS is due to the rapid assembly and activation of a multicomponent oxidase (NADPH oxidase, also called phagocyte oxidase), which oxidizes NADPH (reduced nicotinamide-adenine dinucleotide phosphate) and, in the process, reduces oxygen to superoxide anion (O2-). In neutrophils, this rapid oxidative reaction is triggered by activating signals and accompanies phagocytosis, and is called the respiratory burst. Phagocyte oxidase is an enzyme complex consisting of at least seven proteins. In resting neutrophils, different components of the enzyme are located in the plasma membrane and the cytoplasm. In response to activating stimuli, the cytosolic protein components translocate to the phagosomal membrane, where they assemble and form the functional enzyme complex. Thus, the ROS are produced within the lysosome where the ingested substances are segregated, and the cell's own organelles are protected from the harmful effects of the ROS.  O2- is then converted into hydrogen peroxide (H2O2) under influence of SOD (superoxide dismutase). H2O2 is not able to efficiently kill microbes by itself. However, the azurophilic granules of neutrophils contain the enzyme myeloperoxidase (MPO), which, in the presence of a halide such as Cl-, converts H2O2 to hypochlorite (OCl•), (the active ingredient in household bleach). The latter is a potent antimicrobial agent that destroys microbes by halogenation (in which the halide is bound covalently to cellular constituents) or by oxidation of proteins and lipids (lipid peroxidation). The H2O2-MPO-halide system is the most efficient bactericidal system of neutrophils. H2O2 is also converted to hydroxyl radical (•OH), another powerful destructive agent. NO, produced from arginine by the action of nitric oxide synthase (NOS), also participates in microbial killing. NO reacts with superoxide (O2-) to generate the highly reactive free radical peroxynitrite (ONOO•). These oxygen- and nitrogen-derived free radicals attack and damage the lipids, proteins, and nucleic acids of microbes as they do with host macromolecules. Reactive oxygen and nitrogen species have overlapping actions. 
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Phagocytosis and intracellular destruction of microbes.

Phagocytosis of a particle (e.g., bacterium) involves binding to receptors on the leukocyte membrane, engulfment, and fusion of lysosomes with phagocytic vacuoles. This is followed by destruction of ingested particles within the phagolysosomes by lysosomal enzymes and by reactive oxygen and nitrogen species. The microbicidal products generated from superoxide ( O2-) are hypochlorite (HOCl•) and hydroxyl radical (•OH), and from nitric oxide (NO) it is peroxynitrite (OONO•). During phagocytosis, granule contents may be released into extracellular tissues (not shown). MPO, myeloperoxidase; iNOS, inducible NO synthase. (from Robbins and Cotran; Pathologic basis of disease)

Microbial killing can also occur through the action of other substances in leukocyte granules (oxigen-indipendent mechanism). Neutrophil granules contain many enzymes, such as elastase, that contribute to microbial killing. Other microbicidal granule contents include defensins, cationic arginine-rich granule peptides that are toxic to microbes; antimicrobial proteins found in neutrophils and other cells; lysozyme, which hydrolyzes the muramic acid–N-acetylglucosamine bond, found in the glycopeptide coat of all bacteria; lactoferrin, an iron-binding protein present in specific granules; major basic protein, a cationic protein of eosinophils, which has limited bactericidal activity but is cytotoxic to many parasites; and  bactericidal/permeability increasing protein, which binds bacterial endotoxin and is believed to be important in defense against some gram-negative bacteria.

Proliferation and regeneration in inflammatory focus

The third stage of inflammatory process represents proliferation and recovery of injured structures by regeneration. Proliferation represents the multiplication and accumulation in the inflammatory focus of cells of mesenchymal origin. Proliferation is realized from several cellular sources. One of the cellular sources are hematopoietic stem-cells, that emigrate from bloodstream and give rise to a big number of monocytes, that phagocyte not only the microorganisms but also the own dead cells. To cells, arising from proliferation and differentiation of stem-cells, associate other cells that emigrate from blood vessels – monocytes, T- and B-lymphocytes, plasmocytes. At the same time, in the inflammatory focus proliferate local fibroblasts, epithelial cambial cells. In the inflammatory focus, fibroblasts produce glucosaminoglycans that are part of the fundamental substance, form the connective tissue fibers (collagen, elastic fibers), which further are maturated to fibrocytes – such, mature connective tissue is formed.

Proliferation regulation is done by specific substance named keilons (glycoproteids with molecular mass = 40000, synthesized by mature epithelial cells). Keilons function is to inhibit cellular mitosis. Keilon system functioning is characterized by negative feedback auto-regulation mechanism. If the inflammatory alteration reduces the number of mature cells in the inflammatory focus (structure deficit), the synthesized quantity of keilons is reduced, thus the mitosis is deblocked and cell proliferation is initiated. As the number of cells increase, because of mitosis, the quantity of synthesized keilons increase proportionally. While maintaining normal population of cells (structural homeostasis), keilons inactivate enzymes that participate in DNA replication such inhibiting mitosis.

Regeneration represents the process of recovery of injured structure in the inflammatory focus, and it is directly proportional to the destruction volume and to the regenerative capacity of affected organ. In function of these conditions the regeneration can be complete or incomplete.

In organs with high regenerative potential, there is complete recovery of injured structures (both, specific and non-specific structures) - complete regeneration, restitution.  

In organs with reduced regenerative capacity and combined with extensive destruction, complete recovery of injured structures with specific tissue is impossible, that’s why structural defect is covered with connective non-specific tissue. This kind of regeneration is called – incomplete regeneration, substitution, sclerosis. 
Systemic effects of inflammation

Anyone who has suffered a severe sore throat or a respiratory infection has experienced the systemic manifestations of acute inflammation. The systemic changes associated with acute inflammation are collectively called the acute-phase response, or the systemic inflammatory response syndrome (SIRS). These changes are reactions to cytokines whose production is stimulated by bacterial products such as LPS and by other inflammatory stimuli. The acute-phase response consists of several clinical and pathologic changes: 


•   Fever, characterized by an elevation of body temperature, usually by 1° to 4°C, is one of the most prominent manifestations of the acute-phase response, especially when inflammation is associated with infection. Fever is produced in response to substances called pyrogens that act by stimulating prostaglandin synthesis in the vascular and perivascular cells of the hypothalamus. Bacterial products, such as LPS (called exogenous pyrogens), stimulate leukocytes to release cytokines such as IL-1 and TNF (called endogenous pyrogens) that increase the enzymes (cyclooxygenases) that convert AA into prostaglandins. In the hypothalamus, the prostaglandins, especially PGE2, stimulate the production of neurotransmitters such as cyclic adenosine monophosphate, which function to reset the temperature set point at a higher level. NSAIDs, including aspirin, reduce fever by inhibiting prostaglandin synthesis. An elevated body temperature has been shown to help amphibians ward off microbial infections, and it is assumed that fever does the same for mammals, although the mechanism is unknown. One hypothesis is that fever may induce heat shock proteins that enhance lymphocyte responses to microbial antigens.


• Acute-phase proteins are plasma proteins, mostly synthesized in the liver, whose plasma concentrations may increase several hundred-fold as part of the response to inflammatory stimuli. Three of the best-known of these proteins are C-reactive protein (CRP), fibrinogen, and serum amyloidA (SAA) protein. 

Synthesis of these molecules by hepatocytes is up-regulated by cytokines, especially IL-6 (for CRP and fibrinogen) and IL-1 or TNF (for SAA). Many acute-phase proteins, such as CRP and SAA, bind to microbial cell walls, and they may act as opsonins and fix complement. They also bind chromatin, possibly aiding in the clearing of necrotic cell nuclei. During the acute-phase response SAA protein replaces apolipoprotein A, a component of high-density lipoprotein particles. This may alter the targeting of high-density lipoproteins from liver cells to macrophages, which can use these particles as a  source of energy-producing lipids. Fibrinogen binds to red cells and causes them to form stacks (rouleaux) that sediment more rapidly at unit gravity than do individual red cells. This is the basis for  measuring the erythrocyte sedimentation rate (ESR) as a simple test for the systemic inflammatory response, caused by any stimulus. Acute-phase proteins have beneficial effects during acute inflammation, but, prolonged production of these proteins (especially SAA) in states of chronic inflammation causes secondary amyloidosis. Elevated serum levels of CRP have been proposed as a marker for increased risk of myocardial infarction in patients with coronary artery disease. It is postulated that inflammation involving atherosclerotic plaques in the coronary arteries may predispose to thrombosis and subsequent infarction, and CRP is produced during inflammation. Another peptide whose production is increased in the acute-phase response is the iron-regulating peptide hepcidin. Chronically elevated plasma concentrations of hepcidin reduce the availability of iron and are responsible for the anemia associated with chronic inflammation.


• Leukocytosis is a common feature of inflammatory reactions, especially those induced by bacterial infections. The leukocyte count usually climbs to 15,000 or 20,000 cells/μL, but sometimes it may reach extraordinarily high levels of 40,000 to 100,000 cells/μL. These extreme elevations are referred to as leukemoid reactions, because they are similar to the white cell counts observed in leukemia and have to be distinguished from leukemia. The leukocytosis occurs initially because of accelerated release of cells from the bone marrow postmitotic reserve pool (caused by cytokines, including TNF and IL-1) and is therefore associated with a rise in the number of more immature neutrophils in the blood (shift to the left). Prolonged infection also induces proliferation of precursors in the bone marrow, caused by increased production of colony-stimulating factors. Thus, the bone marrow output of leukocytes is increased to compensate for the loss of these cells in the inflammatory reaction.  Most bacterial infections induce an increase in the blood neutrophil count, called neutrophilia. Viral infections, such as infectious mononucleosis, mumps, and German measles, cause an absolute increase in the number of lymphocytes (lymphocytosis). In bronchial asthma, allergy, and parasitic infestations, there is an increase in the absolute number of eosinophils, creating an eosinophilia. Certain infections (typhoid fever and infections caused by some viruses, rickettsiae, and certain protozoa) are associated with a decreased number of circulating white cells (leukopenia). Leukopenia is also encountered in infections that overwhelm patients debilitated by disseminated cancer, rampant tuberculosis, or severe alcoholism.


•  Other manifestations of the acute-phase response include increased pulse and blood pressure; decreased sweating, mainly because of redirection of blood flow from cutaneous to deep vascular beds, to minimize heat loss through the skin; rigors (shivering), chills (search for warmth), anorexia, somnolence, and malaise, probably because of the actions of cytokines on brain cells.


• In severe bacterial infections (sepsis) the large amounts of organisms and LPS in the blood stimulate the production of enormous quantities of several cytokines, notably TNF and IL-1. As a result, circulating levels of these cytokines increase and the nature of the host response changes. High levels of cytokines cause various clinical manifestations such as disseminated intravascular coagulation, cardiovascular failure, and metabolic disturbance, which are described as septic shock.

Interaction between inflammatory reaction and organism reactivity

Although the inflammatory process is localized in certain organs, its evolution and intensity depends not only on pathogenic factor properties, volume and character of alteration, but of organism reactivity also. Body general reactivity, and indirectly, intensity of inflammatory process are modulated by several body systems, but mainly by central nervous system and endocrine glands. Influences on the inflammatory process can be stimulating (pro-inflammatory) and inhibitory (anti-inflammatory). Vigorous inflammatory modulators, which can amplify or diminish the inflammatory reaction, are neurotransmitters, hormones, immune system, connective tissue, metabolism peculiarities etc. These factors determine the quantitative character of inflammation.

From endocrine influences will be mentioned thyroid gland hormones, mineralocorticoids (pro-inflammatory hormones), insulin and glucocorticoids (anti-inflammatory hormones).

Nervous and endocrine factors influence the inflammatory process – vascular reactions, exudation, emigration, proliferation and regeneration. 

From nervous system structures with a definite influence on the inflammatory process can be mentioned the vegetative nervous system. So, vegetative effects on tissular and vascular structures have an impact on the inflammatory process (ex. vasoconstriction sympathetic effects attenuate vascular reaction in the inflammatory focus). From final effectors of inflammation, that form the organism’s answer to inflammation can be counted microvessels, leukocytes, mesenchymal structures, specific tissues sensible to inflammatory mediators. Spectrum and intensity of this answer will depend both, on the inflammatory mediator properties and species, as well as individual reactivity of the body (sex, age etc).

Endocrine influences on the inflammation process have a pro-inflammatory (ex. mineralocorticoids) or anti-inflammatory (glucocorticoids) character. 

Adequate inflammatory reaction corresponds to the etiologic factor quantitatively and qualitatively. So, intensity of inflammatory reaction corresponds to causing forces and to amount of injuries caused by these. Meantime, it depends on species and individual reactivity, as well as on morpho-physiologic features of the organ in which develops inflammation.

Adequate inflammatory reaction has optimal protective character, which along with alteration comprises physiologic reactions, with the goal of eliminating the pathogenic factor from the body, restoring injured structures integrity and functional homeostasis. Along the evolution process, only organisms capable to respond to aggression by an adequate inflammatory reaction, adequate to pathogenic factors, sufficient for its annihilation and homeostasis reestablishment, had survived. A proper inflammatory reaction that corresponds to the pathogenic factor, qualitatively and quantitatively, is named – normoergic inflammation; with some non-essential individual peculiarities (age, sex, hereditary, constitution etc.); it is characteristic for the majority of members of a biologic species.

Inadequate inflammatory reaction to etiologic factor, is manifested, quantitatively, by insufficiency (or absence) of inflammatory reaction, developed as result of action of harmful agents, as well as by excessive inflammatory reactions, that overcome the excitant forces and injuries volume.

 Inflammatory reaction which has an inferior intensity to aggressive action of pathogen factor and volume of injuries is named hypoergic inflammation (defective inflammation). It develops slowly, frequently passes to chronic form, with predominance of alteration, has tendency to generalize (dissemination, septicemia), it is insufficient to confront aggression and to reestablish structural homeostasis. Defective inflammation typically results in increased susceptibility to infections, because the inflammatory response is a central component of the early defense mechanisms that immunologists call innate immunity. It is also associated with delayed wound healing, because inflammation is essential for clearing damaged tissues and debris, and provides the necessary stimulus to get the repair process started.

 
Inflammatory reaction, which has an exaggerated intensity (exacerbating) is named – hyperergic inflammation (excessive inflammation). It is characterized by excessive character of all inflammatory reactions (alteration, vascular reactions, exudation), that overcome reasonable border for protection measures, and themselves cause massive secondary alteration, having disastrous consequences, sometimes fatal, for the body. Excessive inflammation is the basis of many types of human disease. Allergies, in which individuals mount unregulated immune responses against commonly encountered environmental antigens, and autoimmune diseases, in which immune responses develop against normally tolerated self-antigens, are disorders in which the fundamental cause of tissue injury is inflammation. In addition, as we mentioned at the outset, recent studies are pointing to an important role of inflammation in a wide variety of human diseases that are not primarily disorders of the immune system. These include atherosclerosis and ischemic heart disease, and some neurodegenerative diseases such as Alzheimer disease. Prolonged inflammation and the fibrosis that accompanies it are also responsible for much of the pathology in many infectious, metabolic, and other diseases. 

The task of practical medicine regarding inadequate inflammatory reaction is its adjustment to adequate form (normoergic) by stimulating the inflammatory process in case of hypoergy and attenuate 

 in case of hyperergy. With this purpose, have been produced anti-inflammatory and pro-inflammatory drugs, able to modulate artificially the inflammatory reaction, to adjust it to the injuries volume and character and confer an adequate character. These drugs are both, natural and synthetic. 

From anti-inflammatory drugs can be counted: anti-enzymes (antitripsin), anti-mediators (cholino-blockers, antihistamines, anti-serotonin agents), vasoconstrictors, mast-cells stabilizers, immunosuppressors, glucocorticoids, anti-inflammatory non-steroid inhibitors of cycloxigenase (COX) (aspirin), leukotrienes receptors blockers. For pathogenic correction of inflammation the effect of intrinsic inflammatory mediators is used. So, aspirin and non-steroid anti-inflammatory drugs inhibit COX, thus inhibit prostaglandin synthesis, attenuating the inflammatory process, reducing pain and fever, inhibit thrombocyte aggregation, blocks TxA2 synthesis. Anti-inflammatory effect of glucocorticoids is explained by A2 phospholipase inhibition and decreased synthesis of eicosanoids. Only after 4 hours after experimental application of flogogen agent, in the  inflammatory exudates there was found PGE2, PGF1 and PGF2α. It is to be mentioned that anti-inflammatory drugs irritate gastric mucosa, having an ulcerogenic effect. This is explained by the fact that in the body there are two enzymes which participate in prostaglandin synthesis – prostaglandin-synthase 1, which synthesizes prostaglandin at the level of gastric mucosa having a protection role from HCl aggressive action, and prostaglandin-synthase 2, which synthesized prostaglandins with pro-inflammatory  effects, as well as pyrogen and algic effects. Aspirin, along with synthesis of pro-inflammatory prostaglandins inhibits synthesis of protective prostaglandin in gastric mucosa.

 Pro-inflammatory action also has specific antigen stimulation, immune-stimulating agents and pyrogen agents (induce rising of body temperature – artificial fever).

CHARACTERISTICS OF INFLAMMATORY PROCESS IN THE MOUTH

From causes which can induce paradentium inflammation the priority has staphylococci. Actually there is considered that main role in the pathogenesis of paradentium inflammation has no biological activity of microorganisms by immune reactivity of the body.

The scheme of microorganisms involvement in the development of inflammatory process in the paradentium can be represented as follows: infectious agent release bacterial toxins (lipopolisaccharides, muramil, dipeptide etc…) which activate osteoclasts.  Neutrophils, thrombocytes, monocytes and macrophages which come in the inflammatory focus release prostaglandins which can directly activate osteoclasts.  Lymphocytes activated by the microorganism can as well release an osteoclast activator factor. Totality of local and systemic factor leads to development of paradentitis with destructive changes and ultimately resorbtion of the bone tissue.

Compliment system participates as well in the inflammatory process in the paradentium, to destruction of mouth microflora and formation of cytotoxic complexes. In the result of compliment activation there are formed chemoattractant substances for neutrophils and macrophages, necessary for phagocytosis of immune complexes at the level of inflammatory focus.

In tissular protection in gingivitis are involved non-segmented neutrophils, macrophages, mast cells, eosinophils, basophils. In the process of acute inflammation are predominantly involved active phagocytes – neutrophils.

Gingival disorders in the onset of paradentitis are manifested by development of an infiltrate, predominantly formed from lymphocytes and macrophages. Lymphocytes release lymphokines which favor migration of macrophages, neutrophils, fibroblasts in the tissue of paradentium, where these adhere to epithelial cells and trigger inflammation, which after that spread to tooth root.

