Inflammation
Lecture one 

Inflammation is  a protective response, the  goal of which is to eliminate 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. Inflammation and repair may be potentially harmful, for example persistent inflammation lead to chronic inflammation & repair by fibrosis may lead to disfiguring scars. 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.

Patterns of inflammation----

1. Acute inflammation is rapid in onset (seconds or minutes) and is of relatively short duration, lasting for minutes, several hours, or a few days; its main characteristics are the exudation of fluid and plasma proteins (edema) and the emigration of leukocytes, predominantly polymorph nuclear inflammatory cells (neutrophils). 
2. Chronic inflammation is of longer duration and is associated histologically with the presence of  mononuclear inflammatory cells (lymphocytes and macrophages), the proliferation of blood vessels, fibrosis, and tissue necrosis.  
The vascular and cellular reactions of both acute and chronic inflammation are mediated by chemical factors that are derived from plasma proteins or cells and are produced in response to or activated by the inflammatory stimulus.  
  five cardinal signs of inflammation: rubor, tumor, calor,  dolor & functio laesa (redness, swelling, heat,  pain &loss of function). These signs are typically more prominent in acute inflammation than in chronic inflammation.
Acute Inflammation

 STIMULI  FOR ACUTE INFLAMMATION

• Infections (bacterial, viral, parasitic) and microbial toxins 

• Trauma . 

• Physical and chemical agents .

• Tissue necrosis (from any cause) 

• Foreign bodies. 

• Immune reactions (also called hypersensitivity reactions) 

 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; 

 (3) emigration of the leukocytes from the microcirculation, their accumulation in the focus of injury, and their activation to eliminate the offending agent.
VASCULAR CHANGES

Changes in Vascular Flow and Caliber

Changes in vascular flow and caliber begin early after injury and  in the following order: 

• Vasodilation is one of the earliest manifestations of acute inflammation; sometimes, it follows a transient constriction of arterioles, lasting a few seconds. Vasodilation first involves the arterioles and then results in opening of new capillary beds in the area. &  increased blood flow, which is the cause of the heat and the redness. 
•   increased permeability of the microvasculature, with the outpouring of protein-rich fluid into the extravascular tissues .
• The loss of fluid results in concentration of red cells in small vessels and increased viscosity of the blood, reflected by the presence of dilated small vessels packed with red cells and slower blood flow, a condition termed stasis. 
• As stasis develops, leukocytes, principally neutrophils, accumulate along the vascular endothelium. Leukocytes then stick to the endothelium, and soon afterward they migrate through the vascular wall into the interstitial tissue.
  An exudate is an inflammatory extravascular fluid that has a high protein concentration, cellular debris, and a specific gravity above 1.020. It implies significant alteration in the normal permeability of small blood vessels in the area of injury 

 a transudate is a fluid with low protein content (most of which is albumin) and a specific gravity of less than 1.012. It is essentially an ultrafiltrate of blood plasma that results from osmotic or hydrostatic imbalance across the vessel wall without an increase in vascular permeability. 

Edema denotes an excess of fluid in the interstitial or serous cavities; it can be either an exudate or a transudate.
 Pus, a purulent exudate, is an inflammatory exudate rich in leukocytes (mostly neutrophils), the debris of dead cells and, in many cases, microbes.

Increased Vascular Permeability (Vascular Leakage)

A hallmark of acute inflammation is increased vascular permeability leading to the escape of a protein-rich fluid (exudate) into the extravascular tissue. The loss of protein from the plasma reduces the intravascular osmotic pressure and increases the osmotic pressure of the interstitial fluid. Together with the increased hydrostatic pressure owing to increased blood flow through the dilated vessels, this leads to a marked outflow of fluid and its accumulation in the interstitial tissue. The net increase of extravascular fluid results in edema.
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Normal arterial & capillary bed hydrostatic pressure  = 32 mmHg ( increase in acute inflammation to 50 mmHg)

Normal  venous hydrostatic pressure = 12 mm Hg ( increase in acute inflammation to 30 mmHg)

Normal osmotic pressure =25 mm Hg ( decrease in acute inflammation to 20 mm Hg).

Normal fluid exchange and microvascular permeability are critically dependent on an intact endothelium. How then does the endothelium become leaky in inflammation? The following mechanisms have been proposed . 
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Lecture 2
CELLULAR EVENTS: LEUKOCYTE EXTRAVASATION AND PHAGOCYTOSIS

A critical function of inflammation is to deliver leukocytes to the site of injury and to activate the leukocytes to perform their normal functions in host defense.  

The sequence of events in the journey of leukocytes from the vessel lumen to the interstitial tissue, called extravasation, can be divided into the following steps[1.
1. In the lumen: margination, rolling, and adhesion to endothelium.  

2. Transmigration across the endothelium (also called diapedesis) 

3. Migration in Interstitial tissues toward a chemotactic stimulus 
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 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. 
 Because blood flow slows early in inflammation (stasis),   more white cells assume a peripheral position along the endothelial surface. This process of leukocyte accumulation is called margination. 
Subsequently, individual and then rows of leukocytes tumble slowly along the endothelium and adhere transiently (a process called rolling),
 finally coming to rest at some point where they adhere firmly (adhesion) In time, the endothelium can be virtually lined by white cells, an appearance called pavementing.
 After firm adhesion, leukocytes insert pseudopods into the junctions between the endothelial cells, squeeze through interendothelial junctions,   and escape into the extravascular space.
 Neutrophils, monocytes, lymphocytes, eosinophils, and basophils all use the same pathway to migrate from the blood into tissues.
Different molecules play predominant roles in different steps of this process—
1. selectins in rolling; 
2. chemokines in activating the neutrophils to increase avidity of integrins ,
3.  integrins in firm adhesion;
4.  CD31 (PECAM-1) in transmigration.

The type of emigrating leukocyte varies with the age of the inflammatory response and with the type of stimulus. In most forms of acute inflammation, neutrophils predominate in the inflammatory infiltrate during the first 6 to 24 hours, then are replaced by monocytes in 24 to 48 hours. Several reasons account for this sequence—
1. neutrophils are more numerous in the blood, 
2. they respond more rapidly to chemokines,  
3. they may attach more firmly to the adhesion molecules on endothelial cells. 
4. In addition, after entering tissues, neutrophils are short-lived; they undergo apoptosis and disappear after 24 to 48 hours, whereas monocytes survive longer. 
Chemotaxis

After extravasation, leukocytes emigrate in tissues toward the site of injury by a process called chemotaxis, defined most simply as locomotion oriented along a chemical gradient. All  . Both exogenous and endogenous substances can act as chemoattractants. The most common exogenous agents are bacterial products.   Endogenous chemoattractants,  , include several chemical mediators 
Phagocytosis

Phagocytosis and the release of enzymes by neutrophils and macrophages are responsible for eliminating the injurious agents  

 Phagocytosis involves three distinct but interrelated steps  

 (1) recognition and attachment of the particle to be ingested by the leukocyte; high affinity expressed when microbes opsonized with specific protein (opsonin).
(2) its engulfment, with subsequent formation of a phagocytic vacuole; 

 (3) killing or degradation of the ingested material.
Inflammation
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Chemical Mediators that are responsible for events in acute Inflammation
• Mediators originate either from plasma or from cells. 
• The production of active mediators is triggered by microbial products or by host proteins.
• Most mediators perform their biologic activity by initially binding to specific receptors on target cells. Some have direct enzymatic activity or  mediate oxidative damage.
• One mediator can stimulate the release of other mediators by target cells themselves.   

• Mediators can act on one or few target cell types, 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.   There is thus a system of checks and balances in the regulation of mediator actions. 

• Most mediators have the potential to cause harmful effects. 
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Cell derived chemical mediators----  of two types:-

1. already performed mediators in the intracellular granules that need to be secreted.
2. newly synthesized mediators.
Performed mediators---

Vasoactive amines----histamine & serotonin ( 5-hydroxytryptamine) ---responsible for vasodilatation & increase vascular permeability.

Newly synthesized mediators---

1- Arachidonic acid (AA) derivatives.
AA is polyunsaturated fatty acid within cell membrane phospholipids, released in response to injurious stimiuli, then metabolized through two pathways:-

Cyclo-oxygenase pathway--- lead to synthesis of :-

· Prostaglandins---responsible for vasodilatation & pain (PGE2).

· Prostacyclins----responsible for vasodilatation & inhibit platelets aggregation.

· Thromboxane A2---responsible for vasoconstriction & promote platelets aggregation.

Lipo-oxygenase pathway--- lead to synthesis of leukotriens 

· leukotrien B4 ---- chemotactic agent.

· Leukotrien C4, D4, E4 ---- vasoconstriction, bronchospasm & increase vascular permeability.

Note---cyclo-oxygenase pathway can be inhibited by aspirin & non- steroidal anti inflammatory drugs, while lipo-oxygenase pathway not affected by these drugs.

2- Nitric oxide (NO)---

When derived from macrophages ----act as microbicidal & cytotoxic.

When derived from endothelial cells (EC)---cause vascular smooth muscle relaxation & vasodilatation.

3- Cytokines----
Cytokines released from macrophages &lymphocytes, include---

· Interleukins (  IL1, IL2, IL6).

· tumor necrosis factor (TNF ).

IL1 & TNF act as pyrogenes that stimulate PG synthesis in thermoregulatory hypothalamic center---cause fever.
 IL-1 and TNF (as well as IL-6) induce the systemic acute-phase responses associated with infection or injury. Features of these systemic responses include
1- fever,
2-  loss of appetite, 
3- slow-wave sleep, 
4- the release of neutrophils into the circulation, 
5- the release of corticotropin and corticosteroids and, particularly with regard to TNF,
6-  the hemodynamic effects of septic shock—hypotension, decreased vascular resistance, increased heart rate, and decreased blood pH.
7-  TNF also regulates body mass by promoting lipid and protein mobilization and by suppressing appetite.
Plasma proteins derived mediators---
A variety of phenomena in the inflammatory response are mediated by plasma proteins that belong to three interrelated systems:

· complement 

· kinin system.(bradykinin)
· Clotting system ( coagulation proteins---fibrin & fibrinolytic proteins (plasmin).

 Complement System

The complement system consists of 20 component proteins (and their cleavage products), which are found in greatest oncentration in plasma.  
Complement proteins are present as inactive forms in plasma and are numbered C1 through C9. Among the complement components, C3 and C5 are the most important inflammatory mediators.  

  Complement-derived factors mediate a variety of phenomena in acute inflammation: 

• Vascular phenomena. C3a, C5a, and, to a lesser extent, C4a  stimulate histamine release from mast cells and thereby increase vascular permeability and cause vasodilation. They are called anaphylatoxins    . C5a also activates the lipoxygenase pathway of arachidonic acid (AA) metabolism. 

• Leukocyte adhesion, chemotaxis, and activation. C5a is a powerful chemotactic agent. 

• Phagocytosis. Mainly  C3b. 
Defects in complement proteins may result in increased susceptibility to infections.
Pattern (pathological types) of acute inflammation:-

Depend on type of exudates & extent of tissue damage :-

1. serous inflammation---serum like clear exudates contain few PMN Cs like in herpes labials.

2. fibrinous ----exudate contain fibrin ----in fibrinous pericarditis.

3. fibrinopurulent---exudate contain fibrin & PMN Cs-----------in streptococcal pharyngitis.

4. purulent --- exudatew contain PMN Cs & pus ---- in staphylococcal infection ( boils).

5. pseudomembranous ----exudate contain fibrin, mucus, PMN Cs with necrosis of superficial mucus layer----in diphtherial pharyngitis.
6. ulcerative ---- exudates contain PMN Cs, cell debris like in peptic ulcer & ulcerative colitis.
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Outcome of acute inflammation

 acute inflammation may have one of three outcomes :-
1. Complete resolution.   restoration of the site of acute inflammation to histological & functional normalcy .it 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.   . 

2. 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. Organization &  replacement by fibrous tissue. 
3. Progression of the tissue response to chronic inflammation   owing either to the persistence of the injurious agent or to some interference with the normal process of healing.  
Chronic Inflammation

  inflammation of prolonged duration (weeks or months) in which active inflammation, tissue destruction, and attempts at repair are proceeding simultaneously 
CAUSES OF CHRONIC INFLAMMATION

Chronic inflammation arises in the following settings: 

• Persistent infections by certain microorganisms, such as tubercle bacilli, Treponema pallidum (the causative organism of syphilis), and certain viruses, fungi, and parasites. 
• Prolonged exposure to potentially toxic agents, either exogenous or endogenous. An example of an exogenous agent is particulate silica,   when inhaled for prolonged periods, results in an inflammatory lung disease called silicosis.

Atherosclerosis  is thought to be a chronic inflammatory process of the arterial wall induced, at least in part, by endogenous toxic plasma lipid components. 
• Autoimmunity. Under certain conditions, immune reactions develop against the individual's own tissues, leading to autoimmune diseases such as rheumatoid arthritis and lupus erythematosus. 

MORPHOLOGIC FEATURES

In contrast to acute inflammation, which is manifested by vascular changes, edema, and predominantly neutrophilic infiltration, chronic inflammation is characterized by: 

• Infiltration with mononuclear cells, which include macrophages, lymphocytes, and plasma cells. 

• Tissue destruction.
• Attempts at healing by connective tissue replacement of damaged tissue, accomplished by proliferation of small blood vessels (angiogenesis) and,  fibrosis. 
77] 

Roles of macrophages in chronic inflammation

Macrophages mediate tissue destruction, angiogenesis & fibrosis characteristics of chronic inflammation through secretion of ( mediators of chronic inflammation)

1. Complement components & coagulation factors.
2. reactive oxygen species & nitric oxide NO.

3. cytokines IL1, IL2& TNF.

4. growth factors that stimulate fibroblast proliferation.

.
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  The roles of activated macrophages in chronic inflammation. Macrophages are activated by cytokines from immune-activated T cells (particularly interferon IFN-γ) or by nonimmunologic stimuli such as endotoxin. 
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 Macrophage-lymphocyte interactions in chronic inflammation. Activated lymphocytes and macrophages influence each other and also release inflammatory mediators that affect other cells.

GRANULOMATOUS INFLAMMATION

Granulomatous inflammation is a distinctive pattern of chronic inflammatory reaction characterized by focal accumulations of activated macrophages, which often develop an epithelial-like (epithelioid) appearance. It is encountered in a limited number of immunologically mediated, infectious and some noninfectious conditions.  
A granuloma is a focus of chronic inflammation consisting of a microscopic aggregation of macrophages that are transformed into epithelium-like cells surrounded by a collar of mononuclear leukocytes, principally lymphocytes and occasionally plasma cells. Older granulomas develop an enclosing rim of  fibroblast & connective tissue.
Frequently, epithelioid cells fuse to form giant cells in the periphery or sometimes in the center of granulomas. These giant cells may attain diameters of 40 to 50 µm. They have a large mass of cytoplasm containing 20 or more small nuclei arranged either peripherally (Langhans-type giant cell as in TB) or haphazardly (foreign body-type giant cell) .
Causes of granulomatous inflammation ----

1. Bacterial ---- as in  tuberculosis , leprosy, syphilis.

2. Parasitic-------schistosomiasis.

3. fungal----------histoplasma capsulatum, Cryptococcus neoformans.

4. Inorganic metals or dusts-----silicosis.

5. Foreign body ---- suture.

6. unknown----sarcoidosis.
Tissue Renewal and Repair: Regeneration, Healing, and Fibrosis
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• Repair involve two processes:-

· Regeneration refers to growth of cells and tissues to replace lost structures.
· Replacement by connective tissue ( fibroplasia—scar formation).

• Healing is usually a tissue response to

(1) to a wound (commonly in the skin), 
(2) to inflammatory processes in internal organs, 

(3) to cell necrosis in organs incapable of regeneration. 

 Healing consists of variable proportions of two distinct processes—regeneration, and   scar formation.  
The healing of skin wounds   is just the most common example of repair processes. 

Regeneration requires an intact connective tissue scaffold. By contrast,  scar formation occurs if the extracellular matrix (ECM) framework is damaged.
ECM consist of structural proteins & interstitial matrix glycoproteins which form the specialized basement membrane (BM).
 BM requires for orderly renewal of epithelial tissue. In absence of BM cells proliferate in a haphazard fashion producing disorganized masses of tissue bearing no morphological or functional resemblance to original tissue.  
Regeneration---
Cell regeneration directed by two mechanisms:-

I—Control of cell growth & differentiation—

The cell cycle consists of G1 (presynthetic), S (DNA synthesis), G2 (premitotic), and M (mitotic) phases . Quiescent cells are in a physiologic state called G0 . 
The most important mechanism is the induction of resting cells in G0 to enter cell cycle. 
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  The tissues of the body are divided into three groups on the basis of their proliferative activity. 

• In continuously dividing tissues (also called labile tissues) cells proliferate throughout life, replacing those that are destroyed. These tissues include surface epithelia  and cells of the bone marrow and hematopoietic tissues.  
• Quiescent (or stable) tissues normally have a low level of replication;  these cells are usually in G0 but after cell loss they can be driven into G1 , for example the parenchymal cells of liver, kidneys, and pancreas 
• Nondividing (permanent) tissues contain cells that have left the cell cycle and cannot undergo mitotic division in postnatal life. To this group belong neurons and skeletal and cardiac muscle cells.   Cardiac muscle has very limited, if any, regenerative capacity, and a large injury to the heart muscle, as may occur in myocardial infarction, is followed by scar formation. 

STEM CELLS

Stem cell research is one of the most exciting topics in modern-day  regenerative medicine. from the hope that stem cells may one day be used to repair injury in human tissues, including heart, brain, and skeletal muscle.

Stem cells are characterized by their prolonged self-renewal capacity and by their asymmetric replication. Asymmetric replication describes a special property of stem cells; that is, in every cell division, one of the cells retains its self-renewing capacity while the other enters a differentiation pathway and is converted to a mature, nondividing population. Thus within a group of stem cells some self replicate and others differentiate. 

• Renewal of epithelial tissue. After injury, self-renewing epithelia reconstitute themselves by following three strategies: 
(1) increasing the number of actively dividing stem cells, 
(2) increasing the number of replications of cells in the amplifying compartment, 

(3) decreasing the cell-cycle time for cell replication. 

GROWTH FACTORS

There is a large number of known polypeptide growth factors important in repair & wound healing. 
1. Epidermal growth factor (EGF).

2. Transforming growth factor α (TGF α ).

3. Platelet derived growth factor (PDGF).

4. Fibroblast growth factor (FGF) important in angiogenesis.

5. Transforming growth factor β (TGF β) a conflicting effect ---in low dose stimulate secretion of PDGF ( indirect stimulator)--------------In high dose block expression of PDGF receptors ( indirect inhibitor).

6. vascular endothelial growth factor (VEGF) important in angiogenesis.

7. Cytokines (TNF, IL1 & IFN α ).
 II---Repair by connective tissue---
• The goal of the repair process is to restore the tissue to its original state.   eliminates the damaging stimulus, removes injured tissue, and initiates the deposition of ECM components in the area of injury. 

Repair begins early in inflammation. Sometimes as early as 24 hours after injury, if resolution has not occurred, fibroblasts and vascular endothelial cells begin proliferating to form a specialized type of tissue that is the hallmark of healing, called granulation tissue. The term derives from its pink, soft, granular appearance on the surface of wounds, but it is the histologic features that are characteristic: the formation of new small blood vessels (angiogenesis) and the proliferation of fibroblasts   These new vessels are leaky, allowing the passage of proteins and red cells into the extravascular space. Thus, new granulation tissue is often edematous.
The main steps in repair by connective tissue-----------  
I---ANGIOGENESIS

The process of blood vessel formation in adults is known as angiogenesis or neovascularization   Recent work has demonstrated that angiogenesis can  occur by recruitment of endothelial progenitor cells (EPCs) from the bone marrow.  
Mechanism------either by 

1. Angiogenesis by mobilization of endothelial precursor cells (EPCs) from the bone marrow and from pre-existing vessels (capillary growth). EPCs are mobilized from the bone marrow and may migrate to a site of injury .The homing mechanisms have not yet been defined. At these sites, EPCs differentiate and form a mature network by linking with existing vessels. 

2. Angiogenesis from pre-existing vessels, by ----------------

· degredation of parent vessels basement membrane.

· Migration of endothelial cells toward the angiogenic stimulus (VEGF & FGF).

· Mitosis & proliferation of migrating cells.Maturation of endothelial cells with organization of capillary sprouts.
· Maturation of endothelial cells with organization of capillary sprouts.
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II--- SCAR FORMATION

Growth factors and cytokines released at the site of injury induce fibroblast proliferation and migration into the granulation tissue framework of new blood vessels and loose ECM that initially forms at the repair site. 
three processes that participate in the formation of a scar:
 (1) emigration and proliferation of fibroblasts in the site of injury,
 (2) deposition of ECM, 

(3) tissue remodeling.

Cutaneous Wound Healing
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  Cutaneous wound healing is generally divided into three phases:
 (1) inflammation (early and late); 
(2) granulation tissue formation and reepithelialization;  
(3) wound contraction, ECM deposition, and remodeling.

 wound healing is a fibroproliferative response that is mediated through growth factors and cytokines.  
HEALING BY FIRST INTENTION (WOUNDS WITH OPPOSED EDGES)

 healing of a clean, uninfected surgical incision approximated by surgical sutures.
1. The narrow incisional space immediately fills with clotted blood containing fibrin and blood cells;  forming scab that covers the wound.

2. Within 24 hours, neutrophils appear at the margins of the incision, moving toward the fibrin clot.

3.  By day 3, the neutrophils have been largely replaced by macrophages. 

4. By day 5, the incisional space is filled with granulation tissue with regeneration of surface epithelium.

5. by the end of first week 10% of preoperative strength regained & suture can be removed safely.
6. by the end of first month scar maturation .
7. by the end of third month 80% of normal tensile tissue strength restored.
HEALING BY SECOND INTENTION (WOUNDS WITH SEPARATED EDGES)

When there is more extensive loss of cells and tissue, as in surface wounds that create large defects, the reparative process is more complicated.  

1. Inevitably, large tissue defects generate a larger fibrin clot that fills the defect and more necrotic debris and exudate that must be removed. Consequently the inflammatory reaction is more intense. 
2.  Much larger amounts of granulation tissue are formed. 
3.  Perhaps the feature that most clearly differentiates primary from secondary healing is the phenomenon of wound contraction, which occurs in large surface wounds.   wound contraction requires the action of myofibroblasts— which help to drow the margins of the wounds closer to each other.
4.  Substantial scar formation and thinning of the epidermis. 

LOCAL AND SYSTEMIC FACTORS THAT INFLUENCE WOUND HEALING

  Systemic factors include the following: 

• Nutrition has profound effects on wound healing. Protein deficiency, for example, and particularly vitamin C deficiency, inhibit collagen synthesis and retard healing. 

• Metabolic status can change wound healing. Diabetes mellitus.

• Circulatory status, Inadequate blood supply also delayed wound healing.

• Hormones, such as glucocorticoids, have well-documented anti-inflammatory effects that influence various components of inflammation. These agents also inhibit collagen synthesis. 

Local factors that influence healing include the following: 

• Infection is the single most important cause of delay in healing because it results in persistent tissue injury and inflammation. 

• Mechanical factors, such as early motion of wounds, can delay healing, by compressing blood vessels and separating the edges of the wound. 

• Foreign bodies, such as unnecessary sutures or fragments of steel, glass, or even bone, constitute impediments to healing. 

• Size, location, and type of wound influence healing. Wounds in richly vascularized areas, such as the face, heal faster than those in poorly vascularized ones, such as the foot.  small incisional injuries heal faster and with less scar formation than large excisional wounds.
Keloid ---keloid is bulging indurated mass resulting from abnormal excessive scar formation ( abnormal wound healing).
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