Inflammation
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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.
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Fig. 1. The components of acute and chronic inflammatory responses: circulating cells and proteins, cells of blood vessels, and cells and proteins of the extracellular matrix. 
(From C. Porth and G. Matfin; Pathophysiology. Concepts of altered health states).
Inflammation, as a typical pathological process, is a natural manifestation for all animal species (from the metazoic organisms till monkey and human beings) and for all organs of human body. The clinical definition of inflammatory process in different organs is formed from Latin or Greek roots of organs name adding the suffix -it or –itis (ex: inflammation of the stomach mucosa is called gastritis, of the skin – dermatitis, of the tongue - glossitis). Inflammation represents a pathological process elaborated during phylogenesis, recorded in the genetic memory of species or individuals in form of a complex of stereotype processes, triggered by biological active substances, generated as result of cell injuries. All these phenomena preexist in the body in form of latent programs, which are activated by cellular pathologic processes (cellular injuries, cell dystrophy, necrosis) caused by several noxious factors and followed by an avalanche of consecutive reactions, which in sum represent inflammation. So, inflammation represents a stereotype process, which develops according to its intrinsic laws, fixed in genetic code of the cells, differentiated only in details in function of etiological factor, biological specie and affected organ.

Inflammation may be acute or chronic, depending on the nature of the stimulus and the effectiveness of the initial reaction in eliminating the stimulus or the damaged tissues. Acute inflammation is rapid in onset (typically minutes) and is of short duration, lasting for hours or a few days; its main characteristics are the exudation of fluid and plasma proteins (edema) and the emigration of leukocytes, predominantly neutrophils (also called polymorphonuclear leukocytes). When acute inflammation is successful in eliminating the offenders the reaction subsides, but if the response fails to clear the invaders it can progress to a chronic phase. Chronic inflammation may follow acute inflammation or be insidious in onset. It is of longer duration and is associated with the presence of lymphocytes and macrophages, the proliferation of blood vessels, fibrosis, and tissue destruction.

Inflammation is terminated when the offending agent is eliminated. The reaction resolves rapidly, because the mediators are broken down and dissipated and the leukocytes have short life spans in tissues. In addition, anti-inflammatory mechanisms are activated that serve to control the response and prevent it from causing excessive damage to the host.

Inflammation may be harmful in some situations. Mechanisms designed to destroy foreign invaders and necrotic tissues have an intrinsic ability to injure normal tissues. When inflammation is inappropriately directed against self tissues or is not adequately controlled, it becomes the cause of injury and disease. In fact, in clinical medicine, great attention is given to the damaging consequences of inflammation. Inflammatory reactions underlie common chronic diseases, such as rheumatoid arthritis, atherosclerosis, and lung fibrosis, as well as life-threatening hypersensitivity reactions to insect bites, drugs, and toxins. For this reason our pharmacies abound with anti-inflammatory drugs, which ideally would control the harmful sequelae of inflammation yet not interfere with its beneficial effects.
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. 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 (Fig.2).
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Cellular receptors for microbes and products of cell injury. Phagocytes, dendritic cells, and many types of epithelial cells express different classes of receptors that sense the presence of microbes and dead cells. Toll-like receptors (TLRs) located in different cellular compartments, as well as other cytoplasmic and plasma membrane receptors, recognize products of different classes of microbes. The four major classes of innate immune receptors are TLRs, NOD-like receptors in the cytosol (NLRs), C-type lectin receptors (CLRs), and RIG-like receptors for viral nucleic acids (RLRs). (from Robbins-Cotran; Pathologic basis of disease).
Toll-Like receptors. The best known of the pattern recognition receptors are the Toll-like receptors (TLRs), whose founding member, Toll, was discovered in Drosophila. A family of related proteins was later shown to be essential for host defense against microbes. There are 10 TLRs in mammals, and each recognizes a different set of microbial molecules. The TLRs are present in the plasma membrane and endosomal vesicles (Fig.2). All these receptors signal by a common pathway that culminates in the activation of two sets of transcription factors: (1) NF-κB (nuclear factor κB), which stimulates the synthesis and secretion of cytokines and the expression of adhesion molecules, both of which are critical for the recruitment and activation of leukocytes, and (2) interferon regulatory factors (IRFs), which stimulate the production of the antiviral cytokines, type I interferons. The TLRs are expressed on many different cell types that participate in innate immunity, including endothelial cells, neutrophils, macrophages, dendritic cells, and NK cells. Human TLRs are involved in responses to widely divergent types of molecules that are commonly expressed by microbial but not mammalian cell types. For example, TLR4 is essential for phagocytic recognition and response to lipopolysaccharides (LPS or endotoxin) present in gram- negative bacteria; TLR2 binds to peptidoglycan, an essential component of the cell wall of gram- positive bacteria; and TLR5 that recognize the protein flagellin found in flagellated bacteria. Although most TLRs that recognize extracellular ligands on microbes are found on the surface of the leukocytes, a few are located on the membranes of intracellular compartments of the leukocyte, where they recognize viruses and intracellular pathogens such as  Mycobacterium. Single-stranded ribonucleic acid (RNA), expressed during intracellular virus infections, is recognized by TLR7 and TLR8. 
NOD-Like receptors and the inflammasome. NOD-like receptors (NLRs) are cytosolic receptors named after the founding member NOD-2 (Fig.3). They recognize a wide variety of substances, including products of necrotic cells (e.g., uric acid and released ATP), ion disturbances (e.g., loss of K+), and some microbial products. How this family of sensors is capable of detecting so many, quite diverse, signs of danger or damage is not known. Several of the NLRs signal via a cytosolic multi-protein complex called the inflammasome, which activates an enzyme (caspase-1) that cleaves a precursor form of the cytokine interleukin-1 (IL-1) to generate the biologically active form. As is discussed later, IL-1 is a mediator of inflammation that recruits leukocytes and induces fever.  The NLR-inflammasome pathway may also play a role in many common disorders. For example, recognition of urate crystals by a class of NLRs underlies the inflammation associated with gout. These receptors may also be capable of detecting lipids and cholesterol crystals that are deposited in abnormally large amounts in tissues, and the resulting inflammation may contribute to obesity-associated type 2 diabetes and atherosclerosis, respectively.
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Fig. 3 The inflammasome
The inflammasome is a protein complex that recognizes products of dead cells and some microbes and induces the secretion of biologically active interleukin 1. The inflammasome consists of a sensor protein (a leucine-rich protein called NLRP3), an adapter, and the enzyme caspase-1, which is converted from an inactive to an active form. (From Robbins and Cotran; Pathologic basis of disease).
Other receptors for microbial products. C-type lectin receptors (CLRs) expressed on the plasma membrane of macrophages and dendritic cells detect fungal glycans and elicit inflammatory reactions to fungi. RIG-like receptors (RLRs), named after the founding member RIG-I, are located in the cytosol of most cell types and detect nucleic acids of viruses that replicate in the cytoplasm of infected cells. These receptors stimulate the production of antiviral cytokines. G protein–coupled receptors on neutrophils, macrophages, and most other types of leukocytes recognize short bacterial peptides containing N-formylmethionyl residues. Because all bacterial proteins and few mammalian proteins (only those synthesized within mitochondria) reinitiated by N-formylmethionine, this receptor enables neutrophils to detect bacterial proteins and stimulate chemotactic responses of the cells (Fig.3).
Mannose receptors recognize microbial sugars (which often contain terminal mannose residues, unlike mammalian glycoproteins) and induce phagocytosis of the microbes.
• 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 (damaged-associated pattern molecules); these include uric acid, a purine metabolite; adenosine triphosphate, the normal energy store; 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 (stages of inflammation):

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.

Acute inflammation has three major components: (1) alterations in vascular caliber that lead to an increase in blood flow, (2) structural changes in the microvasculature that permit plasma proteins and leukocytes to leave the circulation, and (3) emigration of the leukocytes from the microcirculation, their accumulation in the focus of injury, and their activation to eliminate the offending agent
ALTERATION IN INFLAMATORY FOCUS
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).

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).

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. 

. 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 modifications 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) Neuro-transmitters 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.
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 role of flogogenic factor is limited, and the main role play auto-catalytic processes or reactions which lead to release of inflammatory mediators – main pathogenetic factors. 

So, inflammatory mediators represent a common biochemical denominator developed as result of  different etiologic factor action, intermediaries between cause of inflammation and its pathogeny.      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;

- Restoration of the injured structures.
Many mediators have been identified, and how they function in a coordinated manner is still not fully understood. We start our discussion of the mediators of inflammation by reviewing some of their shared properties and the general principles of their production and actions. 
 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 (Fig.4).
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Fig. 4. Classification of inflammatory mediators. 
(from Robbins-Cotran; Pathologic basis of disease)
General biological characteristics of inflammatory mediators
• Active mediators are produced in response to various stimuli. These stimuli include microbial products, substances released from necrotic cells, and the proteins of the complement, kinin, and coagulation systems, which are themselves activated by microbes and damaged tissues. This requirement for microbes or dead tissues as the initiating stimulus ensures that inflammation is normally triggered only when and where it is needed.
• One mediator can stimulate the release of other mediators. For instance, the cytokine TNF acts on endothelial cells to stimulate the production of another cytokine, IL-1, and many chemokines. The secondary mediators may have the same actions as the initial mediators but may also have different and even opposing activities. Such cascades provide mechanisms for amplifying or, in certain instances, counteracting the initial action of a mediator.

• Mediators vary in their range of cellular targets. They can act on one or a few target cell types, can have diverse targets, or may even have differing effects on different types of cells.

• Once activated and released from the cell, most of these mediators are short-lived. They quickly decay (e.g., arachidonic acid metabolites) or are inactivated by enzymes (e.g., kininase inactivates bradykinin), or they are otherwise scavenged (e.g., antioxidants scavenge toxic oxygen metabolites) or inhibited (e.g., complement regulatory proteins break up and degrade activated complement components). There is thus a system of checks and balances that regulates mediator actions.
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. 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, neuraminidase; proteolytic enzymes –  catepsins, collagenase, elastase, plasminogen activator; lipolytic enzymes –  lipase, cholesterol-esterase, phospholipase A1 and A2, nucleotidasis (ARN-asis, DNA-asis).

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 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 (5-hydroxytryptamine), stored and released during platelets aggregation. Serotonin is a preformed vasoactive mediator with actions similar to those of histamine. 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 (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) (Fig.5). 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. Some of these enzymes have restricted tissue distribution. For example, platelets contain the enzyme thromboxane synthetase, and hence TxA2 is the major product in these cells. 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 stimulates the contraction of uterine and bronchial smooth muscle and small arterioles, and PGD2 is a chemoattractant for neutrophils.
In addition to their local effects, the prostaglandins are involved in the pathogenesis of pain and fever in inflammation. PGE2 is hyperalgesic and makes the skin hypersensitive to painful stimuli, such as intradermal injection of suboptimal concentrations of histamine and bradykinin. It is involved in cytokine-induced fever during infections (described later).


• 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 cysteinyl-containing leukotrienes C4, D4, and E4 (LTC4, LTD4, LTE4) cause intense vasoconstriction, bronchospasm (important in asthma), and increased vascular permeability. The vascular leakage, as with histamine, is restricted to venules. Leukotrienes are much more potent than is histamine in increasing vascular permeability and causing bronchospasm.


• Lipoxins are also generated from AA by the lipoxygenase pathway, but unlike prostaglandins and leukotrienes, the lipoxins are inhibitors of inflammation. The principal actions of lipoxins are to inhibit leukocyte recruitment and the cellular components of inflammation. They inhibit neutrophil chemotaxis and adhesion to endothelium. There is an inverse relationship between the  production of lipoxin and leukotrienes, suggesting that the lipoxins may be endogenous negative regulators of leukotrienes and may thus play a role in the resolution of inflammation.
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Fig. 5. Generation of arachidonic acid metabolites and their roles in inflammation. 
(From Robbins- Cotran; Pathologic basis of disease)
Tab. 1. Principal inflammatory actions of arachidonic acid metabolites (eicosanoids)

	Action
	Eicosanoid

	Vasodilation
	PGI2 (prostacyclin), PGE1, PGE2, PGD2

	Vasoconstriction
	Thromboxane A2, leukotrienes C4, D4, E4

	Increased vascular permeability
	Leukotrienes C4, D4, E4

	Chemotaxis, leukocyte adhesion
	Leukotriene B4, HETE


HETE, hydroxyeicosatetraenoic acid; PGI2, etc., prostaglandin I2, etc.
Many anti-inflammatory drugs work by inhibiting the synthesis of eicosanoids: 


Cyclooxygenase inhibitors include aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs), such as indomethacin. They inhibit both COX-1 and COX-2 and thus inhibit prostaglandin synthesis; aspirin does this by irreversibly acetylating and inactivating cyclooxygenases. 

             Lipoxygenase inhibitors. 5-lipoxygenase is not affected by NSAIDs, and many new inhibitors of this enzyme pathway have been developed. Pharmacologic agents that inhibit leukotriene production or block leukotriene receptors are useful in the treatment of asthma.


 Broad-spectrum inhibitors include corticosteroids. These powerful anti-inflammatory agents may act by reducing the transcription of genes encoding COX-2, phospholipase A2, pro-inflammatory cytokines (such as IL-1 and TNF), and iNOS.

             Another approach to manipulating inflammatory responses has been to modify the intake and content of dietary lipids by increasing the consumption of fish oil. The proposed explanation for the effectiveness of this approach is that the polyunsaturated fatty acids in fish oil serve as poor substrates for conversion to active metabolites by both the cyclooxygenase and lipoxygenase pathways but are excellent substrates for the production of anti-inflammatory lipid products called resolvins and protectins.
Platelet-Activating Factor (PAF)

PAF is another phospholipid-derived mediator. Its name comes from its discovery as a factor that causes platelet aggregation, but it is now known to have multiple inflammatory effects. A variety of cell types, including platelets themselves, basophils, mast cells, neutrophils, macrophages, and endothelial cells, can elaborate PAF, in both secreted and cell-bound forms. In addition to platelet aggregation, PAF causes vasoconstriction and bronchoconstriction, and at extremely low concentrations it induces vasodilation and increased venular permeability with a potency 100 to 10,000 times greater than that of histamine. PAF also causes increased leukocyte adhesion to endothelium (by enhancing integrin-mediated leukocyte binding), chemotaxis, degranulation, and the oxidative burst. Thus, PAF can elicit most of the vascular and cellular reactions of inflammation. PAF also boosts the synthesis of other mediators, particularly eicosanoids, by leukocytes and other cells. A role for PAF in vivo is supported by the ability of synthetic PAF receptor antagonists to inhibit inflammation in some experimental models.
Nitric Oxide (NO)

NO was discovered as a factor released from endothelial cells that caused vasodilation and was therefore called endothelium-derived relaxing factor. NO is a soluble gas that is produced not only by endothelial cells but also by macrophages and some neurons in the brain. It acts in a paracrine manner on target cells through induction of cyclic guanosine monophosphate, which, in turn, initiates a series of intracellular events leading to a response, such as the relaxation of vascular smooth muscle cells. Because the in vivo half-life of NO is only seconds, the gas acts only on cells in close proximity to where it is produced.

NO is synthesized from L-arginine by the enzyme nitric oxide synthase (NOS). There are three different types of NOS: endothelial (eNOS), neuronal (nNOS), and inducible (iNOS). eNOS and nNOS  are constitutively expressed at low levels and can be activated rapidly by an increase in cytoplasmic Ca2+. iNOS, in contrast, is induced when macrophages and other cells are activated by cytokines (e.g., TNF, IFN-γ) or microbial products (Fig.6). 
NO has dual actions in inflammation: it relaxes vascular smooth muscle and promotes vasodilation, thus contributing to the vascular reaction, but it is also an inhibitor of the cellular component of inflammatory responses. NO reduces platelet aggregation and adhesion, inhibits several features of mast cell–induced inflammation, and inhibits leukocyte recruitment. Because of these inhibitory actions, production of NO is thought to be an endogenous mechanism for controlling inflammatory responses. 
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Fig. 6. Functions of nitric oxide (NO) in blood vessels and macrophages. 
NO is produced by two NO synthase (NOS) enzymes. It causes vasodilation, and NO-derived free radicals are toxic to microbial and mammalian cells. 
(From Robbins-Cotran; Pathological 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. Here we review the properties of cytokines that are involved in acute inflammation (Tab.2, Tab.3).
Tab.2. Cytokines in inflammation
(From Robbins-Cotran; Pathological basis of disease)

	Cytokine
	Principal Sources


	Principal Actions in Inflammation

	IN ACUTE INFLAMMATION

	TNF
	Macrophages, mast cells, T lymphocytes

	Stimulates expression of endothelial adhesion molecules and secretion of other cytokines; systemic effects

	IL-1
	Macrophages, endothelial cells, some epithelial cells

	Similar to TNF; greater role in fever

	IL-6
	Macrophages, other cells

	Systemic effects (acute-phase response)

	Chemokines
	Macrophages, endothelial cells, T lymphocytes, mast cells, other cell types

	Recruitment of leukocytes to sites of inflammation; migration of cells to normal tissues

	IN CHRONIC INFLAMMATION

	IL-12
	Dendritic cells, macrophages

	Increased production of IFN-γ

	IFN-γ
	T lymphocytes, NK cells

	Activation of macrophages (increased ability to kill microbes and tumor cells)

	IL-17
	T lymphocytes

	Recruitment of neutrophils and monocytes


Tab.3. The actions of the principal mediators of inflammation
(From Robbins-Cotran; Pathological basis of disease)
	Mediator
	Principal Sources
	Actions

	CELL-DERIVED

	Histamine
	Mast cells, basophils, platelets
	Vasodilation, increased vascular permeability, endothelial activation

	Serotonin
	Platelets
	Vasodilation, increased vascular permeability

	Prostaglandins
	Mast cells, leukocytes
	Vasodilation, pain, fever

	Leukotrienes
	Mast cells, leukocytes
	Increased vascular permeability, chemotaxis, leukocyte adhesion and activation

	Platelet-activating factor
	Leukocytes, mast cells
	Vasodilation, increased vascular permeability, leukocyte adhesion, chemotaxis, degranulation, oxidative burst

	Reactive oxygen species
	Leukocytes
	Killing of microbes, tissue damage

	Nitric oxide
	Endothelium, macrophages
	Vascular smooth muscle relaxation, killing of microbes

	Cytokines (TNF, IL-1)
	Macrophages, endothelial cells, mast cells
	Local endothelial activation (expression of adhesion molecules), fever/pain/anorexia/hypotension, decreased vascular resistance (shock)

	Chemokines
	Leukocytes, activated macrophages
	Chemotaxis, leukocyte activation



	PLASMA PROTEIN–DERIVED

	Complement products (C5a, C3a, C4a)
	Plasma (produced in liver)
	Leukocyte chemotaxis and activation, vasodilation (mast cell stimulation)

Increased vascular permeability, smooth muscle contraction, vasodilation, pain

Endothelial activation, leukocyte recruitment



	Kinins
	Plasma (produced in liver)
	

	Proteases activated during coagulation
	Plasma (produced in liver)
	


IL-1, interleukin-1; MAC, membrane attack complex; TNF, tumor necrosis facto
Tumor Necrosis Factor and Interleukin-1
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 (Fig.7). 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. 
	[image: image7.emf]

	

	Fig. 7. Principal local and systemic actions of tumor necrosis factor (TNF) and interleukin-1 (IL-1).
 (From Robbins-Cotran; Pathologic basis of disease)
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The production of IL-1 is controlled by a multi-protein cellular complex, sometimes called the “inflammasome” (see above Fig.3) that responds to stimuli from microbes and dead cells. This complex activates proteases that are members of the caspase family, which function to cleave the newly synthesized inactive precursor of IL-1 into the biologically active cytokine. The same inflammasome complex may be activated by urate crystals in the disease called gout, and the inflammation in this disease also seems to be, at least partly, mediated by IL-1.
IL-1 and TNF (as well as IL-6) induce the systemic acute-phase responses associated with infection or injury (described later in the chapter). TNF also regulates energy balance by promoting lipid  and protein mobilization and by suppressing appetite. Therefore, sustained production of TNF contributes to cachexia, a pathologic state characterized by weight loss and anorexia that accompanies some chronic infections and neoplastic diseases.
Chemokines
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 

	  
	•    
	C-X-C chemokines (also called α chemokines) have one amino acid residue separating the first two conserved cysteine residues. The C-X-C chemokines act primarily on neutrophils. IL-8 is 
typical of this group. It is secreted by activated macrophages, endothelial cells, and other cell types, and causes activation and chemotaxis of neutrophils, with limited activity on monocytes and eosinophils. 

	  
	•    
	C-C chemokines (also called β chemokines) have the first two conserved cysteine residues adjacent. The C-C chemokines, which include monocyte chemoattractant protein (MCP-1), eotaxin, macrophage inflammatory protein-1α (MIP-1α), generally attract monocytes, eosinophils, basophils, and lymphocytes but not neutrophils. Although most of the chemokines in this class have overlapping actions, eotaxin selectively recruits eosinophils.

	  
	•    
	C chemokines (also called γ chemokines) lack two (the first and third) of the four conserved cysteines. The C chemokines (e.g., lymphotactin) are relatively specific for lymphocytes.

	  
	•    
	CX3C chemokines contain three amino acids between the two cysteines. The only known member of this class is called fractalkine. This chemokine exists in two forms: the cell surface-bound protein can be induced on endothelial cells by inflammatory cytokines and promotes strong adhesion of monocytes and T cells, and a soluble form, derived by proteolysis of the membrane-bound protein, has potent chemoattractant activity for the same cells.


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.
Neuropeptides
Neuropeptides are secreted by sensory nerves and various leukocytes, and play a role in the initiation and propagation of an inflammatory response. The small peptides, such as substance P and neurokinin A, belong to a family of tachykinin neuropeptides produced in the central and peripheral nervous systems. Nerve fibers containing substance P are prominent in the lung and gastrointestinal tract. Substance P has many biologic functions, including the transmission of pain signals, regulation of blood pressure, stimulation of secretion by endocrine cells, and increasing vascular permeability. Sensory neurons can also produce other pro-inflammatory molecules, such as calcitonin-related gene product, which are thought to link the sensing of painful stimuli to the development of protective host responses.
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 fixation of C1 to antibody (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 (Fig.8).
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	Fig. 8. Activation of complement and its role in inflammatory response. 
(from Robbins-Cotran; Pathologic basis of disease)
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The biologic functions of the complement system fall into three general categories (Fig.8):

	  
	•    
	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.


The activation of complement is tightly controlled by cell-associated and circulating regulatory proteins. Different regulatory proteins inhibit the production of active complement fragments or remove fragments that deposit on cells. These regulators are expressed on normal host cells and are thus designed to prevent healthy tissues from being injured at sites of complement activation. Regulatory proteins can be overwhelmed when large amounts of complement are deposited on host cells and tissues, as happens in autoimmune diseases, in which individuals produce complement-fixing antibodies against their own tissue antigens.
Coagulation and kinin systems
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 (Fig. 9). 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. Factor XII then undergoes a conformational change (becoming factor XIIa), exposing an active serine center that can subsequently cleave protein substrates and activate a variety of mediator systems. 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, promotes inflammation by engaging receptors that are called protease-activated receptors (PARs) because they bind multiple trypsin-like serine proteases in addition to thrombin.These receptors are G protein–coupled receptors that are expressed on platelets, endothelial and smooth muscle cells, and many other cell types. Engagement of the so-called type 1 receptor (PAR-1) by proteases, particularly thrombin, triggers several responses that induce inflammation. They include mobilization of P-selectin; production of chemokines and other cytokines; expression of endothelial adhesion molecules for leukocyte integrins; induction of cyclooxygenase-2 and production of prostaglandins; production of PAF and NO; and changes in endothelial shape. These responses promote the recruitment of leukocytes and many other reactions of inflammation. 
	[image: image11.emf]

	

	Fig. 9. Interrelationships between the four plasma mediator systems triggered by activation of factor XII (Hageman factor). 
Note that thrombin induces inflammation by binding to protease-activated receptors (principally PAR-1) on platelets, endothelium, smooth muscle cells, and other cells. HMWK, high molecular weight kininogen. 
(From Robbins and Cotran; Pathologic basis of disease)
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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. Any remaining kinin is inactivated during passage of plasma through the lung by angiotensin-converting enzyme. 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 (Fig.9).

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.
From this discussion of the plasma proteases activated by the complement, kinin, and clotting systems, a few general conclusions can be drawn (Fig.9): 

	  
	•    
	Bradykinin, C3a, and C5a (as mediators of increased vascular permeability); C5a (as the mediator of chemotaxis); and thrombin (which has effects on endothelial cells and many other cell types) are likely to be the most important in vivo.

	  
	•    
	C3a and C5a can be generated by several types of reactions: (1) immunologic reactions, involving antibodies and complement (the classical pathway); (2) activation of the alternative and lectin complement pathways by microbes, in the absence of antibodies; and (3) agents not directly related to immune responses, such as plasmin, kallikrein, and some serine proteases found in normal tissue.

	  
	•    
	Activated Hageman factor (factor XIIa) initiates four systems involved in the inflammatory response: (1) the kinin system, which produces vasoactive kinins; (2) the clotting system, which induces formation of thrombin, which has inflammatory properties; (3) the fibrinolytic system, which produces plasmin and degrades fibrin to produce fibrinopeptides, which induce inflammation; and (4) the complement system, which produces anaphylatoxins and other mediators. Some of the products of this initiation—particularly kallikrein can, by feedback, activate Hageman factor, resulting in amplification of the reaction.


When Lewis discovered the role of histamine in inflammation, one mediator was thought to be enough. Now, we are wallowing in them! Yet, from this large compendium, it is likely that a few mediators are most important for the reactions of acute inflammation in vivo. The redundancy of the mediators and their actions ensures that this protective response remains robust and is not easy to perturb. 
Tab. 4. Role of mediators in different reactions of inflammation
(From Robbins-Cotran; Pathological basis of disease)

	Role in Inflammation
	Mediators

	Vasodilation
	Prostaglandins

	
	Nitric oxide

	
	Histamine

	Increased vascular permeability
	Histamine and serotonin

	
	C3a and C5a (by liberating vasoactive amines from mast cells, other cells)

	
	Bradykinin

	
	Leukotrienes C4, D4, E4

	
	PAF

	
	Substance P

	Chemotaxis, leukocyte recruitment and activation
	TNF, IL-1

	
	Chemokines

	
	C3a, C5a

	
	Leukotriene B4

	
	(Bacterial products, e.g., N-formyl methyl peptides)

	Fever
	IL-1, TNF

	
	Prostaglandins

	Pain
	Prostaglandins

	
	Bradykinin

	Tissue damage
	Lysosomal enzymes of leukocytes

	
	Reactive oxygen species

	
	Nitric oxide


	IL-1, interleukin-1; PAF, platelet-activating factor; TNF, tumor necrosis factor.


REACTIONS OF BLOOD VESSELS IN ACUTE INFLAMMATION
In inflammation, blood vessels undergo a series of changes that are designed to maximize the movement of plasma proteins and circulating cells out of the circulation and into the site of infection or injury. The vascular reactions of acute inflammation consist of changes in the flow of blood and the permeability of vessels.
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 flogogenic 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, and 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 agents and development of secondary inflammatory foci.

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

Increased vessels resistance in the inflammatory focus its 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 velocity, 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. Should be mentioned that during inflammation, basement membrane of vascular wall preserves its integrity. A hallmark of acute inflammation is increased vascular permeability leading to the escape of a protein-rich exudate into the extravascular tissue, causing edema.
Several mechanisms are responsible for increased vascular permeability in inflammatory focus: 
• Contraction of endothelial cells resulting in increased interendothelial spaces is the most common mechanism of vascular leakage and is elicited by histamine, bradykinin, leukotrienes, the neuropeptide substance P, and many other chemical mediators. It is called the immediate transient response because it occurs rapidly after exposure to the mediator and is usually short-lived (15–30 minutes). In some forms of mild injury (e.g. after burns, x-irradiation or ultraviolet radiation, and exposure to certain bacterial toxins), vascular leakage begins after a delay of 2 to 12 hours, and lasts for several hours or even days; this delayed prolonged leakage may be caused by contraction of endothelial cells or mild endothelial damage. Late-appearing sunburn is a good example of this type of leakage.


•   Endothelial injury, resulting in endothelial cell necrosis and detachment. Direct damage to the endothelium is encountered in severe injuries, for example, in burns, or by the actions of microbes that target endothelial cells. Neutrophils that adhere to the endothelium during inflammation may also injure the endothelial cells and thus amplify the reaction (leucocyte-mediated injury). In most instances leakage starts  immediately after injury and is sustained for several hours until the damaged vessels are thrombosed or repaired.

•   Increased transport of fluids and proteins, called transcytosis, through the endothelial cell. This process may involve channels consisting of interconnected, uncoated vesicles and vacuoles called the vesiculo-vacuolar organelle, many of which are located close to intercellular junctions. Certain factors, such as VEGF, seem to promote vascular leakage in part by increasing the number and perhaps the size of these channels.
[image: image13.emf]
Fig. 10. Main mechanisms of increased vascular permeability in inflammation, and their features and underlying causes. 
NO, nitric oxide; VEGF, vascular endothelial growth factor.
 (from Robbins and Cotran; Pathologic basis of disease)

Although these mechanisms of increased vascular permeability are described separately, all probably contribute in varying degrees in responses to most stimuli. For example, at different stages of a thermal burn, leakage results from chemically mediated endothelial contraction and direct and leukocyte-dependent endothelial injury. The vascular leakage induced by all these mechanisms can cause life-threatening loss of fluid in severely burned patients.
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 disintegration 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 lumen; 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 effects (thromboxane, active Hageman factor), there is thrombocyte and erythrocyte aggregation, blood coagulation and thrombosis;
- Extravascular factors - tissue edema as result of extravasation leads to compression of venules in the inflammatory focus, such impeding the venous outflow.
Manifestations of venous hyperemia are: difficult blood reflux, venules extra-filling with venous blood, slow blood velocity, 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 and have mixed pathogeny – venous stasis and capillary stasis. In prestasis 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 formation 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 and lymphogenic way, such isolating the inflammatory focus and preventing its generalization. Negative consequences consist in disorders of tissular metabolism (hypoxia, hyponutrition, hypoenergogenesis etc…) leading to additional alteration. 

Intravascular aggregation of blood cells is triggered by thromboxane (contributes to thrombocyte aggregation; physicochemical changes of thrombocytes and erythrocytes (protein molecules attach to the surface of cellular membrane, diminishing negative charge which is favored also 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 favored 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. 
Responses of lymphatic vessels

Although much of the emphasis in our discussion of inflammation is on the reactions of blood vessels, lymphatic vessels also participate in the response. The system of lymphatics and lymph nodes filters and polices the extravascular fluids. Recall that lymphatics normally drain the small amount of extravascular fluid that has seeped out of capillaries. In inflammation, lymph flow is increased and helps drain edema fluid that accumulates due to increased vascular permeability. In addition to fluid, leukocytes and cell debris, as well as microbes, may find their way into lymph. Lymphatic vessels, like blood vessels, proliferate during inflammatory reactions to handle the increased load. The lymphatics 
 may become secondarily inflamed (lymphangitis), as may the draining lymph nodes (lymphadenitis). Inflamed lymph nodes are often enlarged because of hyperplasia of the lymphoid follicles and increased numbers of lymphocytes and macrophages. This constellation of pathologic changes is termed reactive or inflammatory lymphadenitis. For clinicians the presence of red streaks near a skin wound is a telltale sign of an infection in the wound. This streaking follows the course of the lymphatic channels and is diagnostic of lymphangitis; it may be accompanied by painful enlargement of the draining lymph nodes, indicating lymphadenitis.

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 (Fig.10), 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, exudate is septic – contains pathogenic agents and its vital products (toxins, enzymes, antigens).
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Fig. 11. Formation of transudates and exudates.
A, Normal hydrostatic pressure (blue arrows) is about 32 mm Hg at the arterial end of a capillary bed and 12 mm Hg at the venous end; the mean colloid osmotic pressure of tissues is approximately 25 mm Hg (green arrows), which is equal to the mean capillary pressure. Therefore, the net flow of fluid across the vascular bed is almost nil. B, A transudate is formed when fluid leaks out because of increased hydrostatic pressure or decreased osmotic pressure. C, An exudate is formed in inflammation, because vascular permeability increases as a result of increased interendothelial spaces.
 (from Robbins-Cotran; Pathologic basis of disease)

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).
Serous inflammation is marked by the exudation of cell-poor fluid into spaces created by cell injury or into body cavities lined by the peritoneum, pleura, or pericardium. Typically, the fluid in serous inflammation is not infected by destructive organisms and does not contain large numbers of leukocytes. In body cavities the fluid may be derived from the plasma (as a result of increased vascular permeability) or from the secretions of mesothelial cells (as a result of local irritation); accumulation of fluid in these cavities is called an effusion. (Effusions also occur in non-inflammatory conditions, such as reduced blood out flow in heart failure, or  reduced plasma protein levels in some kidney and liver diseases.) The skin blister resulting from a burn or viral infection represents accumulation of serous fluid within or immediately beneath the damaged epidermis of the skin.
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).
Fibrinous inflammation. With greater increase in vascular permeability, large molecules such as fibrinogen pass out of the blood, and fibrin is formed and deposited in the extracellular space. A ‹fibrinous exudate develops when the vascular leaks are large or there is a local procoagulant stimulus (e.g., cancer cells). A fibrinous exudate is characteristic of inflammation in the lining of body cavities, such as the meninges, pericardium, and pleura. Histologically, fibrin appears as an eosinophilic meshwork of threads or some­times as an amorphous coagulum. Fibrinous exudates may be dissolved by fibrinolysis and cleared by macrophages. If the fibrin is not removed, over time it may stimulate the ingrowth of fibroblasts and blood vessels and thus lead to scarring. Conversion of the fibrinous exudate to scar tissue (organization) within the pericardial sac leads to opaque fibrous thickening of the  pericardium and epicardium in the area of exudation and, if the fibrosis is extensive, obliteration of the pericardial space.
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+).
Purulent (suppurative) inflammation. Abscess. Purulent inflammation is characterized by the production of pus, an exudate consisting of neutrophils, the liquefied debris of necrotic cells, and edema fluid. The most frequent cause of purulent (also called suppurative) inflammation is infection with bacteria that cause liquefactive tissue necrosis, such as staphylococci; these pathogens are referred to as pyogenic (pus­producing) bacteria. A common example of an acute suppurative inflammation is acute appendicitis. Abscesses are localized collections of purulent inflammatory tissue caused by suppuration buried in a tissue, an organ, or a conned space. They are produced by seeding of pyogenic bacteria into a tissue. Abscesses have a central region that appears as a mass of necrotic leukocytes and tissue cells. There is usually a zone of preserved neutrophils around this necrotic focus, and outside this region there may be vascular dilation and parenchymal and fibroblastic proliferation, indicating chronic inflammation and repair. In time the abscess may become walled off and ultimately replaced by connective tissue.
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.
REACTIONS OF LEUKOCYTES IN INFLAMMATION

As mentioned earlier, a critical function of inflammation is to deliver leukocytes to the site of injury and to activate the leukocytes to eliminate the offending agents. The most important leukocytes in typical inflammatory reactions are the ones capable of phagocytosis, namely neutrophils and macrophages. These leukocytes ingest and kill bacteria and other microbes, and eliminate necrotic tissue and foreign substances. Leukocytes also produce growth factors that aid in repair. A price that is paid for the defensive potency of leukocytes is that, when strongly activated, they may induce tissue damage and prolong inflammation, because the leukocyte products that destroy microbes and necrotic tissues can also injure normal host tissues.

The processes involving leukocytes in inflammation consist of: their recruitment from the blood into extravascular tissues, recognition of microbes and necrotic tissues, and removal of the offending agent.
Recruitment of leukocytes to sites of infection and injury

The journey of leukocytes from the vessel lumen to the interstitial tissue, called extravasation, can be divided into the following steps (Fig.12): 
            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
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Fig. 12. The multistep process of leukocyte migration through blood vessels, shown here for neutrophils. The leukocytes first roll, then become activated and adhere to endothelium, then transmigrate across the endothelium, pierce the basement membrane, and migrate toward chemoattractants emanating from the source of injury. Different molecules play predominant roles in different steps of this process—selectins in rolling; chemokines (usually displayed bound to proteoglycans) in activating the neutrophils to increase avidity of integrins; integrins in firm adhesion; and CD31 (PECAM-1) in transmigration. Neutrophils express low levels of L-selectin; they bind to endothelial cells predominantly via P- and E-selectins. ICAM-1, intercellular adhesion molecule 1; TNF, tumor necrosis factor.
(from Robbins-Cotran; Pathologic basis of disease).
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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 secreted proteins called 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. There are three types of selectins: one expressed on leukocytes (L-selectin), one on endothelium (E-selectin), and one in platelets and on endothelium (P-selectin). The ligands for selectins are sialylated oligosaccharides bound to mucin-like glycoprotein backbones. The expression of selectins and their ligands is regulated by cytokines produced in response to infection and injury. Tissue macrophages, mast cells, and endothelial cells that encounter microbes and dead tissues respond by secreting several cytokines, including tumor necrosis factor (TNF), interleukin-1 (IL-1), and chemokines (chemoattractant cytokines).  TNF and IL-1 act on the endothelial cells of post-capillary venules adjacent to the infection and induce the coordinate expression of numerous adhesion molecules. Within 1 to 2 hours the endothelial cells begin to express E-selectin and the ligands for L-selectin. Other mediators such as histamine, thrombin, and platelet-activating factor (PAF), stimulate the redistribution of P-selectin from its normal intracellular stores in endothelial cell granules (called Weibel-Palade bodies) to the cell surface (Fig.13). Leukocytes express L-selectin at the tips of their microvilli and also express ligands for E- and P-selectins, all of which bind to the complementary molecules on the endothelial cells. 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.
Tab.4.  Endothelial-leukocyte adhesion molecules
(From Robbins-Cotran; Pathological basis of disease)
	Endothelial Molecule
	Leukocyte Molecule
	Major Role

	P-selectin
	Sialyl-Lewis X–modified proteins
	Rolling (neutrophils, monocytes, T lymphocytes)

	E-selectin
	Sialyl-Lewis X–modified proteins
	Rolling and adhesion (neutrophils, monocytes, T lymphocytes)

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

	ICAM-1 (immunoglobulin family)
	CD11/CD18 (β2) integrins (LFA-1, Mac-1)
	Adhesion, arrest, transmigration (neutrophils, monocytes, lymphocytes)

	VCAM-1 (immunoglobulin family)
	VLA-4 (β1) integrin
	Adhesion (eosinophils, monocytes, lymphocytes)


*
L-selectin is expressed weakly on neutrophils. It is involved in the binding of circulating T-lymphocytes to the high endothelial venules in lymph nodes and mucosal lymphoid tissues, and subsequent “homing” of lymphocytes to these tissues.
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Fig. 13. Regulation of expression of endothelial and leukocyte adhesion molecules. 
A, Redistribution of P-selectin from intracellular stores to the cell surface. B, Increased surface expression of selectins and ligands for integrins upon cytokine activation of endothelium. C, Increased binding avidity of integrins induced by chemokines. Clustering of integrins contributes to their increased binding avidity (not shown). IL-1, interleukin-1; TNF, tumor necrosis factor. (from Robbins and Cotran; Pathologic basis of disease)

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 and intercellular adhesion molecule-1 (ICAM-1). Leukocytes normally express integrins in a low-affinity state. Meanwhile, chemokines that were produced at the site of injury enter the blood vessel, bind to endothelial cell proteoglycans, and are displayed at high concentrations on the endothelial surface. These chemokines bind to and activate the rolling leukocytes. One of the consequences of activation is the conversion of integrins on the leukocytes to a high-affinity state. The combination of cytokine-induced expression of integrin ligands on the endothelium and activation of integrins on the leukocytes results in firm integrin-mediated binding of the leukocytes to the endothelium at the site of inflammation. The leukocytes stop rolling, their cytoskeleton is reorganized, and they spread out on the endothelial surface.
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) or CD31 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. In the connective tissue, the leukocytes are able to adhere to the extracellular matrix by virtue of integrins and CD44 binding to matrix proteins. Thus, leukocytes are retained at the site where they are needed.
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. The most common exogenous agents are bacterial products, including peptides that possess an N-formylmethionine terminal amino acid, and some lipids (exogenous chemoattractants). Endogenous chemoattractants include several chemical mediators: (1) cytokines, particularly those of the chemokine family (e.g., IL-8); (2) components of the 
 complement system, particularly C5a; and (3) arachidonic acid (AA) metabolites, mainly leukotriene B4 (LTB4). 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. 
The nature of the leukocyte infiltrate varies with the age of the inflammatory response and the type of stimulus. In most forms of acute inflammation neutrophils predominate in the inflammatory infiltrate during the first 6 to 24 hours and are replaced by monocytes in 24 to 48 hours. Several reasons account for the early appearance of neutrophils: they are more numerous in the blood, they respond more rapidly to chemokines, and they may attach more firmly to the adhesion molecules that are rapidly 
 induced on endothelial cells, such as P- and E-selectins. After entering tissues, neutrophils are short-lived; they undergo apoptosis and disappear after 24 to 48 hours. Monocytes not only survive longer but may proliferate in the tissues, and thus become the dominant population in chronic inflammatory reactions. There are, however, exceptions to this pattern of cellular infiltration. In certain infections, for example, those produced by Pseudomonas bacteria, the cellular  infiltrate is dominated by continuously recruited neutrophils for several days; in viral infections, lymphocytes may be the first cells to arrive; in some hypersensitivity reactions, eosinophils may be the main cell type.
[image: image18.emf]
Fig. 14. Nature of leukocyte infiltrates in inflammatory reactions.
 The photomicrographs are representative of the early (neutrophilic) (A) and later (mononuclear) cellular infiltrates (B) seen in an inflammatory reaction in the myocardium following ischemic necrosis (infarction). The kinetics of edema and cellular infiltration (C) are approximations. 
(from Robbins-Cotran; Pathologic basis of disease).
The molecular understanding of leukocyte recruitment and migration has provided a large number of potential therapeutic targets for controlling harmful inflammation. Agents that block TNF, one of the major cytokines in leukocyte recruitment, are among the most successful therapeutics ever developed for chronic inflammatory diseases, and antagonists of leukocyte integrins, selectins, and chemokines are approved for inflammatory diseases or in clinical trials. 
Recognition of microbes and dead tissues

Once leukocytes (neutrophils and monocytes) have been recruited to a site of infection or cell death, they must be activated to perform their functions. The responses of leukocytes consist of two sequential sets of events: (1) recognition of the offending agents, which deliver signals that (2) activate the leukocytes to ingest and destroy the offending agents and amplify the inflammatory reaction.

Leukocytes express several receptors that recognize external stimuli and deliver activating signals (Fig.15).
Receptors for recognition of microbial products (Fig.15):
 Toll-like receptors (TLRs) recognize components of different types of microbes. Thus far 10 mammalian TLRs have been identified, and each seems to be required for responses to different classes of infectious pathogens. Different TLRs play essential roles in cellular responses to bacterial lipopolysaccharide (LPS, or endotoxin), other bacterial proteoglycans and lipids, and unmethylated CpG nucleotides, all of which are abundant in bacteria, as well as double-stranded RNA, which is produced 
by some viruses. TLRs are present on the cell surface and in the endosomal vesicles of leukocytes (and many other cell types), so they are able to sense products of extracellular and ingested microbes. These receptors function through receptor-associated kinases to stimulate the production of microbicidal substances and cytokines by the leukocytes (Fig.2).
 G protein–coupled receptors found on neutrophils, macrophages, and most other types of leukocytes recognize short bacterial peptides containing N-formylmethionyl residues. Because all bacterial proteins and few mammalian proteins (only those synthesized within mitochondria) are initiated by N-formylmethionine, this receptor enables neutrophils to detect and respond to bacterial proteins. Other G protein–coupled receptors recognize chemokines, breakdown products of complement 
 such as C5a, and lipid mediators, including platelet activating factor, prostaglandins, and leukotrienes, all of which are produced in response to microbes and cell injury. Binding of ligands, such as microbial products and mediators, to the G protein–coupled receptors  induces migration of the cells from the blood through the endothelium and production of microbicidal substances by activation of the respiratory burst.

Receptors for opsonins (phagocytic receptors): Leukocytes express receptors for proteins that coat microbes. The process of coating a particle, such as a microbe, to target it for ingestion (phagocytosis) is called opsonization, and substances that do this are opsonins. These substances include antibodies, complement proteins, and lectins. One of the most efficient ways of enhancing the phagocytosis of particles is coating the particles with IgG antibodies specific for the particles, which are then recognized by the high-affinity Fcγ receptor of phagocytes, called FcγRI. Components of the complement system, especially fragments of the complement protein C3b, are also potent opsonins, because these fragments bind to microbes and phagocytes express a receptor, called the type 1 complement receptor (CR1), that recognizes breakdown products of C3. Plasma lectins also bind to bacteria and deliver them to leukocytes. The binding of opsonized particles to leukocyte Fc or C3b receptors promotes phagocytosis of the particles and activates the cells.

Receptors for cytokines: Leukocytes express receptors for cytokines that are produced in response to microbes. One of the most important of these cytokines is interferon-γ (IFN-γ), which is secreted by natural killer cells reacting to microbes and by antigen-activated T lymphocytes during adaptive immune responses. IFN-γ is the major macrophage-activating cytokine.
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Fig. 15. Leukocyte receptors and responses.
Different classes of cell surface receptors of leukocytes recognize different stimuli. The receptors initiate responses that mediate the functions of the leukocytes. Only some receptors are depicted (see text for details). IFN-γ, interferon-γ; LPS, lipopolysaccharide (s). (From Robbins and Cotran; Pathologic basis of disease)
Removal of the offending agents

Recognition of microbes or dead cells by the receptors described above induces several responses in leukocytes that are referred to leukocyte activation. Activation results from signaling pathways that are triggered in leukocytes, resulting in increases in cytosolic Ca2+ and activation of enzymes such as protein kinase C and phospholipase A2. The functional responses that are most important for destruction of microbes and other offenders are phagocytosis and intracellular killing. Several other responses aid in the defensive functions of inflammation and may contribute to its injurious consequences.
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. 

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 (Fig.16). 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 influience of SOD (superoxide dismutase), mostly by spontaneous dismutation. 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 (Fig.16).

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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Fig. 16. 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; cathelicidins, 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.
Release of leukocyte products and leukocyte-mediated tissue injury

Leukocytes are important causes of injury to normal cells and tissues under several circumstances: 


•  As part of a normal defense reaction against infectious microbes, when adjacent tissues suffer “collateral damage.” In some infections that are difficult to eradicate, such as tuberculosis and certain viral diseases, the prolonged host response contributes more to the pathology than does the microbe itself.


•   When the inflammatory response is inappropriately directed against host tissues, as in certain autoimmune diseases.


•  When the host reacts excessively against usually harmless environmental substances, as in allergic diseases, including asthma.

In all these situations, the mechanisms by which leukocytes damage normal tissues are the same as the mechanisms involved in antimicrobial defense, because once the leukocytes are activated, their effector mechanisms do not distinguish between offender and host. During activation and phagocytosis, 
 neutrophils and macrophages release microbicidal and other products not only within the phagolysosome but also into the extracellular space. The most important of these substances are lysosomal enzymes, present in the granules, and reactive oxygen and nitrogen species. These released substances are capable of damaging normal cells and vascular endothelium, and may thus amplify the effects of the initial injurious agent. In fact, if unchecked or inappropriately directed against host tissues, 
the leukocyte infiltrate itself becomes the offender, and indeed leukocyte-dependent tissue injury underlies many acute and chronic human diseases. 
The contents of lysosomal granules are secreted by leukocytes into the extracellular milieu by several mechanisms. Controlled secretion of granule contents is a normal response of activated leukocytes. If phagocytes encounter materials that cannot be easily ingested, such as immune complexes deposited on immovable flat surfaces (glomerular basement membrane), the inability of the leukocytes to surround and ingest these substances (frustrated phagocytosis) triggers strong activation, and the release of large amounts of lysosomal enzymes into the extracellular environment. Phagocytosis of membrane-damaging substances, such as urate crystals, may injure the membrane of the phagolysosome and also lead to the release of lysosomal granule contents.

Other functional responses of activated leukocytes

In addition to eliminating microbes and dead cells, activated leukocytes play several other roles in host defense. Importantly, these cells, especially macrophages, produce a number of growth factors that stimulate the proliferation of endothelial cells and fibroblasts and the synthesis of collagen, and enzymes that remodel connective tissues. These products drive the process of repair after tissue injury. An emerging concept is that macrophages can be activated to perform different functions. “Classically activated” macrophages respond to microbial products and T-cell cytokines such as IFN-γ and have strong microbicidal activity, whereas “alternatively activated” macrophages respond to cytokines such as IL-4 and IL-13 (typically, the products of the TH2 subset of T-cells ) and are mainly involved in tissue repair and fibrosis (Fig.17).  Different stimuli activate leukocytes to secrete mediators of inflammation as well as inhibitors of the inflammatory response, and thus serve to both amplify and control the reaction. This may be another distinction between classically and alternatively activated macrophages - the former trigger inflammation and the latter function to limit inflammatory reactions.
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Fig. 17. Subsets of activated macrophages. 
Different stimuli activate monocytes/macrophages to develop into functionally distinct populations. Classically activated macrophages are induced by microbial products and cytokines, particularly IFN-γ, and are microbicidal and involved in potentially harmful inflammation. Alternatively activated macrophages are induced by other cytokines and in response to helminths (not shown), and are important in tissue repair and the resolution of inflammation (and may play a role in defense against helminthic parasites, also not shown). (From Robbins and Cotran; Pathologic basis of disease)
TERMINATION OF THE ACUTE INFLAMMATORY RESPONSE

It is predictable that such a powerful system of host defense, with its inherent capacity to cause tissue damage, needs tight controls to minimize the damage. In part, inflammation declines simply because the mediators of inflammation are produced in rapid bursts, only as long as the stimulus persists, have short half- lives, and are degraded after their release. Neutrophils also have short half-lives in tissues and die by apoptosis within a few hours after leaving the blood. In addition, as inflammation develops the process also triggers a variety of stop signals that serve to actively terminate the reaction. These active termination mechanisms include a (1) switch in the type of arachidonic acid metabolite produced, from pro-inflammatory leukotrienes to anti-inflammatory lipoxins; (2) liberation of anti-inflammatory cytokines, including transforming growth factor-β (TGF-β) and IL-10, from macrophages (M2) and other cells (Fig.17); (3) the production of anti-inflammatory lipid mediators, called resolvins and protectins, derived from polyunsaturated fatty acids; and (4) neural impulses (cholinergic discharge) that inhibit the production of TNF in macrophages.
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.

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 non-specific connective tissue. This kind of regeneration is called – incomplete regeneration, substitution, sclerosis (see fibrosis; tissular pethologic processes). 
Outcomes of acute inflammation

Although, as might be expected, many variables may modify the basic process of inflammation, including the nature and intensity of the injury, the site and tissue affected, and the responsiveness of the host, all acute inflammatory reactions may have one of three outcomes : 

•  Complete resolution. In a perfect world, all inflammatory reactions, once they have succeeded in neutralizing and eliminating the injurious stimulus, should end with restoration of the site of acute inflammation to normal. This is called resolution and is the usual outcome when the injury is limited or short-lived or when there has been little tissue destruction and the damaged parenchymal cells can regenerate. Resolution involves removal of cellular debris and microbes by macrophages, and resorption of edema fluid by lymphatics.

• Healing by connective tissue replacement (fibrosis). This occurs after substantial tissue destruction, when the inflammatory injury involves tissues that are incapable of regeneration, or when there is abundant fibrin exudation in tissue or serous cavities (pleura, peritoneum) that cannot be adequately cleared. In all these situations, connective tissue grows into the area of damage or exudate, converting it into a mass of fibrous tissue - a process also called organization.
•  Progression of the response to chronic inflammation. This may follow acute inflammation, or the response may be chronic from the onset. Acute to chronic transition occurs when the acute inflammatory response cannot be resolved, as a result of either the persistence of the injurious agent or some interference with the normal process of healing. For example, bacterial infection of the lung may begin as a focus of acute inflammation (pneumonia), but its failure to resolve may lead to extensive tissue destruction and formation of a cavity in which the inflammation continues to smolder, leading eventually to a chronic lung abscess. Another example of chronic inflammation with a persisting stimulus is peptic ulcer of the duodenum or stomach. Peptic ulcers may persist for months or years and are manifested by both acute and chronic inflammatory reactions.
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Fig. 18. Outcomes of acute inflammation: resolution, healing by fibrosis, or chronic inflammation. The components of the various reactions and their functional outcomes are listed.
 (from Robbins and Cotran; Pathologic basis of disease)

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 amyloid A (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 inflammatio (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).
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