CELLULAR PATHOLOGICAL PROCESSES. APOPTOSIS. NECROSIS. CELL DYSTROPHY
The normal cell is confined to a fairly narrow range of function and structure by its state of metabolism, differentiation, and specialization; by constraints of neighboring cells; and by the availability of metabolic substrates. It is nevertheless able to handle physiologic demands, maintaining a steady state called homeostasis. Virtually all forms of disease start with molecular or structural alterations in cells, a concept first put forth in the nineteenth century by Rudolf Virchow, known as the father of modern pathology. We therefore begin our consideration of pathology with the study of the causes, mechanisms, and morphologic and biochemical correlates of cell injury. Injury to cells and to extracellular matrix ultimately leads to tissue and organ injury, which determine the morphologic and clinical patterns of disease. 

Cell injury is the persistent change of biochemical, structural and functional homeostasis of the cell under the action of harmful factor. Because cell damage initiates adaptive, protective, and compensatory and repair responses is justified vision of cell injury as pathological cellular process.
In early stages or mild forms of injury, the functional and morphologic changes are reversible if the damaging stimulus is removed. The hallmarks of reversible injury are reduced oxidative phosphorylation with resultant depletion of energy stores in the form of adenosine triphosphate (ATP), and cellular swelling caused by changes in ion concentrations and water influx. In addition, various intracellular organelles, such as mitochondria and the cytoskeleton, may also show alterations. Injury may progress through a reversible stage and culminate in cell death. 
Classification of cell injury

A.
by the sequence of appearance

    a)
primary lesion arising from the direct action of harmful factor;

    b)
secondary lesion arising as a cause of primary pathogenetic factors.

B.
by the nature of lesions

    a)
specific lesions corresponding to harmful factor;

    b)
non-specific lesions proper to several harmful factors.

C.
by the character of etiologic factor

    a)
mechanical damage, 

    b)
physical injuries (burns, frostbite, electrical), 

    c)
osmotic injury,

    d)
lesions by lipid peroxidation, 

    e)
infectious lesions, 

    f)
immune (allergic) injury, 

    g)
toxic injury, 

   h)
enzymatic injury, 

   i)
hypoxic injury, 

   j)
damage of circulation, 

   k)
dysmetabolic damage, 

   l)
injury of homeostasis

   D.
by location

a)
membrane lesion 

b)
mitochondrial lesion, 

c)
lysosomal injury, 

d)
nucleus lesions (including lesions by mutations), 

e)
endoplasmic reticulum damage and Golgi apparatus

E.
by degree of injury

a)
reversible,

b)
irreversible.

Cell death. With continuing damage the injury becomes irreversible, at which time the cell cannot recover and it dies. There are two principal types of cell death, necrosis and apoptosis, which differ in their morphology, mechanisms, and roles in physiology and disease. Whereas necrosis is always a pathologic process, apoptosis serves many normal functions and is not necessarily associated with cell injury. Cell death is also sometimes the end result of autophagy. Although it is easier to understand these pathways of cell death by discussing them separately, there may be many connections between them. Both apoptosis and necrosis may be seen in response to the same insult, such as ischemia, perhaps at different stages. Apoptosis can progress to necrosis, and cell death during autophagy may show many of the biochemical characteristics of apoptosis.
The “point of no return,” at which the damage becomes irreversible, is still largely undefined, and there are no reliable morphologic or biochemical correlates of irreversibility. Two phenomena consistently characterize irreversibility — the inability to reverse mitochondrial dysfunction (lack of oxidative phosphorylation and ATP generation) even after resolution of the original injury, and profound disturbances in membrane function. Injury to lysosomal membranes results in the enzymatic dissolution of the injured cell that is characteristic of necrosis.
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Cellular response to stress and injurious stimuli
Necrosis represents the irreversible stop of cell activity, death of the cell or one part of the tissue or entire organ in still living body. Necrosis may be defined as accidental death or violent death occurring in the result of action of harmful factors – endogenous or exogenous.

The morphologic appearance of necrosis is the result of denaturation of intracellular proteins and enzymatic digestion of the lethally injured cell. Necrotic cells are unable to maintain membrane integrity and their contents often leak out, a process that may elicit inflammation in the surrounding tissue. The enzymes that digest the necrotic cell are derived from the lysosomes of the dying cells themselves and from the lysosomes of leukocytes that are called in as part of the inflammatory reaction. Ultimately, in the living patient most necrotic cells and their contents disappear by phagocytosis of the debris and enzymatic digestion by leukocytes. If necrotic cells and cellular debris are not promptly destroyed and reabsorbed, they tend to attract calcium salts and other minerals and to become calcified. This phenomenon is called dystrophic calcification.

Necrosis is followed by necrobiosis – the process of cell, tissue, organ death. Necrobiosis represents the transition stage of the structure from life to death (“cellular agony”). Necrobiosis represents the totality of pathobiochemical, pathohistologic and physiopathologic processes that reflect the metabolic modifications, changes in ultrastructure of cells, tissues, organs during dying process, starting from the action of the pathogenic factor (thanatogen factor) and till finished necrosis. The reversible character (of different grade) of the necrobiotic modifications allow their correction and returning to life of the altered structures – “local, cellular reanimation”.
Etiology and pathogeny of necrosis
· Primary mechanical injury of the cell (expansion, rupture, formation of defects, fragmentation) caused by mechanical forces which act directly on the cell. Primary pathogenetic factor is the mechanical disintegration of the membrane, opening of the mechanical barrier cell-interstitium, uncontrolled formation of direct communication between the intracellular and the intercellular space, and the free passage of substances in both directions: interstitial space - hyaloplasm and vice versa. The final result is the mixing between the extracellular and intracellular space with penetration of  Na+ ions into the cell and emission of K+ ions outside the cell. This causes functional failure of the cell with further development of pathogenetic chain of alterative processes.
· Hypoxic injury of the cell. The main causes of hypoxia are all forms of general hypoxia (hypoxic, respiratory, circulatory, anemic, histotoxic), regional blood flow and lymphatic disorders (venous hyperemia, ischemia, stasis), direct malfunction of cellular processes of oxidative phosphorilation, systemic circulation disorders (cardiogenic circulatory failure, vascular failure, hematogenous, collapse, shock). The main pathogenic mechanisms of hypoxic cell injury is ATP depletion. ATP is produced in two ways. The major pathway in mammalian cells is oxidative phosphorylation of adenosine diphosphate, in a reaction that results in reduction of oxygen by the electron transfer system of mitochondria. The second is the glycolytic pathway, which can generate ATP in the absence of oxygen using glucose derived either from body fluids or from the hydrolysis of glycogen. The major causes of ATP depletion are reduced supply of oxygen and nutrients, mitochondrial damage, and the actions of some toxins (e.g., cyanide). Tissues with a greater glycolytic capacity (e.g., the liver) are able to survive loss of oxygen and decreased oxidative phosphorylation better than are tissues with limited capacity for glycolysis (e.g., the brain).

Pathogenetic chains of adverse effects of hypoxia with ATP depletion are variations and numerous because high-energy phosphate in the form of ATP is required for virtually all synthetic and degradative processes within the cell. These include membrane transport, protein synthesis, lipogenesis, and the deacylation-reacylation reactions necessary for phospholipid turnover. Depletion of ATP to 5% to 10% of normal levels has widespread effects on many critical cellular systems:  The activity of the plasma membrane energy-dependent sodium pump (ouabain-sensitive Na+, K+-ATPase) is reduced. Failure of this active transport system causes sodium to enter and accumulate inside cells and potassium to diffuse out. Failure of Na+/ K+-ATPase leads to accumulation of Na+ ions inside the cell, leading to increased intracellular osmolarity. The net gain of solute is accompanied by isosmotic gain of water, causing cell swelling, and dilation of the ER, finally can develop cytolysis. Failure of Na+/ K+-ATPase leads to annihilation of potassium gradient in the affected cells. In normal cells, ratio of intracellular and extracellular potassium concentration is about 4:1, which, along with other electrolytes, is responsible for resting potential in excitable cells. Decreased intracellular potassium level annihilates the cellular resting potential (depolarization) and makes impossible excitation of the cell (inhibitory depolarization). Increased concentration of potassium ions in the extracellular environment reduces transmembrane potential of adjacent cells, increasing their excitability, which can serve as a stimulus to trigger action potentials. This phenomenon can be observed in myocardial infarction, when increased potassium level in the focus of necrosis contributes to occurrence of cardiac fibrillation. Potassium released from cells also invades the body fluids, especially the blood (hyperkalemia) which similarly influence on other excitable cells far away from the primary focus of cell injury (neurons, cardiomyocytes).
Cellular energy metabolism is altered. If the supply of oxygen to cells is reduced, as in ischemia, oxidative phosphorylation ceases, resulting in a decrease in cellular ATP and associated increase in adenosine monophosphate. These changes stimulate phosphofructokinase and phosphorylase activities, leading to an increased rate of anaerobic glycolysis, which is designed to maintain the cell's energy sources by generating ATP through metabolism of glucose derived from glycogen. As a consequence glycogen stores are rapidly depleted. Anaerobic glycolysis results in the accumulation of lactic acid and inorganic phosphates from the hydrolysis of phosphate esters. This reduces the intracellular pH (intracellular acidosis), resulting in decreased activity of many cellular enzymes.
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 Functional and morphologic consequences of decreased intracellular ATP during hypoxic cell injury. The morphologic changes shown here are indicative of reversible cell injury. Further depletion of ATP results in cell death, typically by necrosis. ER, endoplasmic reticulum.

• Failure of the Ca2+ pump leads to influx of Ca2+ with damaging effects on numerous cellular components. The overall effect of enlarged concentration of intracellular calcium is to activate intracellular enzymes: ATP-ase, protease, endonuclease, phospholipase. Activation of ATP-ase leads to ATP breakdown, that induces a lack of energy and diminishing of energogenetic processes. Activation of intacellular proteases leads to initiation of cellular autolysis –breakdown of own proteins and cellular disintegration. Activation of endonucleases leads to nucleoproteins break down (DNA, RNA) and initiation of apoptosis reaction. Activation of cellular phospholipases (phospholipase A) leads to phospholipids breakdown from the membranary phospholipids, formation of unrepareable defects, decrease of mechanical and electrical resistance, increases non selective permeability.
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The role of increased cytosolic calcium in cell injury. ER, endoplasmic reticulum

• With prolonged or worsening depletion of ATP, structural disruption of the protein synthetic apparatus occurs, manifested as detachment of ribosomes from the rough ER and dissociation of polysomes, with a consequent reduction in protein synthesis.


• In cells deprived of oxygen or glucose, proteins may become misfolded, and misfolded proteins trigger a cellular reaction called the unfolded protein response that may culminate in cell injury and even death.

• Ultimately, there is irreversible damage to mitochondrial and lysosomal membranes. 
Dysfunction of the transmembrane exchange mechanism of Na+ and H+ - cellular acidosis.

Cellular alteration is accompanied by decrease of intracellular pH (beyond 6.0) causing cytoplasmatic acidosis. Acidosis can be determined by the following mechanism:

a) Increased influx of H+ ions from extracellular space, determined by dyshomeostasis of acid-base balance.

b) Excessive formation of acid intermediary agents after glycolysis, degradation of Krebs cycle, phospholipid breakdown, adenilique nucleotide breakdown.

c) Usage and insufficiency of buffer system causing increased concentration of H+ ions.

d) Inefficiency of elimination mechanism of H+ ions.                      

The increase of H+ concentration leads to the deregulation of protein functions by changing their conformation, activation of lysosomal enzymes, and increase of permeability by deregulation lipidic layers structure and finally leading to necrosis.
· Oxidative stress injury - is caused by oxygen free radicals. Oxygen free radicals is called oxygen or oxygen compound, which contains the latest electronic layer an unpaired electron, single electron, what gives these compounds a extremely high chemical reactivity - the cause why they are called reactive oxygen species (ROS). Oxygen radicals are byproducts formed by some physiological processes (e.g. electron transport chain in mitochondria). Under normal conditions, their damaging action is counteracted by antioxidant systems. Pathological processes that generate free radicals are: inflammation, hypoxia, hyperoxia, phagocytic reaction, and ionizing radiation, chloroform poisoning etc. Formation of free radicals accompanies virtually all body pathologies. ROS are: oxygen superoxide, hydrogen peroxide, hydroxyl radical.
So the mechanism of action of harmful free radicals consists of peroxidation of endogenous substances: fat, polyunsaturated fatty acids, nucleic acids, proteins, amino acids, enzymes.

Among the worst consequences of free radicals are gene mutations and peroxidation of polyunsaturated fatty acids in cytoplasmic membrane component. 

      
The hydroxyl radical OH¯ is considered the most aggressive. Being very small penetrates the lipid bilayer where peroxides the poly-non-saturated fatty acids from the membrane component that contain double bond of carbon. Under the action of the hydroxyl radical take place the first reaction – ravishment of one lipid proton (LH) (more exactly of AGPN – poly-non-saturated fatty acids) with water and lipid radical formation, noted as L¯:

1) OH¯ +LH = H2O + L¯
      The lipid radical formed in the first reaction interacts with dissolved molecular oxygen in the internal medium or intracellular forming LOO¯ lypoperoxide radical according the 2 reaction: 

2) L¯ + O2 = LOO¯
      The lypoperoxide radical interacts with a new lipid molecule LH forming two new radicals: hydroperoxide radical LOOH and the lipid radical L¯ (third reaction):

3) LOO¯ +LH = LOOH + L¯
     In this way the reaction becomes autocatalytic forming a long chain affecting more lipid molecules. The result of this reaction is the formation of three new radicals: lipid radical, lypoperoxide radical and hydroperoxide radical.

The final result is the peroxidation and denaturation of a big number of phospholipids molecules that have a lot of membrane distractive effect:

a) membrane distraction and unrecoverable  breaches forming with mechanic resistance diminishing;

b) nonselective permeability increase and ionic gradients liquidation;

c) electric resistance diminishing of the membrane and it’s electric breaking;

d) electric potential annihilation on the excitable cells membranes with depolarized inhibition;

e) increase of calcium ion concentration in the cytoplasm with all the associated effects;

f) cell organelles function deregulation;

g) necrosis and cell autolysis.        
· Enzymatic cellular lesions - triggered by endogen and exogenous enzymes action. The source of endogen enzyme can be phagocytes cells from the inflammatory foci, lysosomal enzymes from all organism cells released as a result of the lysosomal membrane destabilization, pancreatic digestive enzymes released in the blood in case of pancreatitis or pancreonecrosis. From the exogenous one there is the microbial one (for ex: streptococci lecitinase that splits membrane phospholipids). The cell pathogen enzymes have a large spectrum: proteases, peptidase, collagens, lipase, amylase etc. The pathogenic chain of the harmful effects of the cell pathogens is initiated by specific substrate splitting for these enzymes: membrane phospholipids, membrane proteins, glycoprotein’s etc. The final result of enzymes pathogen action is membrane disintegration and cell distractive processes.
· Imuno-cytopathogen injuries are mediated by the immune reactions, autoimmune  that take place at the level of cytoplasm membrane. As an example may be cytolytic allergic reactions of II type, autoimmune reactions. The consequence of this action is cell death. In this way the antigen – antibody interaction in II type allergic reactions leads to cell membrane “perforation” and loss of cell integrity. In the cytolytic reaction of IV type initiated by sensitive lymphocytes there is destruction of cells by specific immune mechanisms or nonspecific cytolytic mechanisms (cationic proteins etc.)          
· Thermic cell injuries. Extremes of heat and cold cause damage to the cell, its organelles, and its enzyme systems. Exposure to low-intensity heat (43oC to 46oC), such as occurs with partial-thickness burns and severe heat stroke, causes cell injury by inducing vascular injury, accelerating cell metabolism, inactivating temperature sensitive enzymes, and disrupting the cell membrane. With more intense heat, coagulation of blood vessels and tissue proteins occurs. Exposure to cold increases blood viscosity and induces vasoconstriction by direct action on blood vessels and through reflex activity of the sympathetic nervous system. The resultant decrease in blood flow may lead to hypoxic tissue injury, depending on the degree and duration of cold exposure. Injury from freezing probably results from a combination of ice crystal formation and vasoconstriction. The decreased blood flow leads to capillary stasis and arteriolar and capillary thrombosis. Edema results from increased capillary permeability.
· Infectious injuries - Primary cellular lesions of infectious origin are caused by biological factors (viruses, bacteria, and protozoa) and subsequent inflammation of the affected organ leads to secondary cellular injury. Secondary cellular injuries are multifactorial and its pathogenicity is complex, determined by the action of many harmful factors of inflammatory site (acidosis, circulatory disorders, oxidative stress, immune attack, hypoxia, metabolic disorders).
· Injury caused by electrical forces. Injuries due to electrical forces can affect the body through extensive tissue injury and disruption of neural and cardiac impulses. The effect of electricity on the body is mainly determined by its voltage, the type of current (i.e., direct or alternating), its amperage, the resistance of the intervening tissue, the pathway of the current, and the duration of exposure. Lightning and high-voltage wires that carry several thousand volts produce the most severe damage. Alternating current (AC) is usually more dangerous than direct current (DC) because it causes violent muscle contractions, preventing the person from releasing the electrical source and sometimes resulting in fractures and dislocations. In electrical injuries, the body acts as a conductor of the electrical current. The current enters the body from an electrical source, such as an exposed wire, and passes through the body and exits to another conductor, such as the moisture on the ground or a piece of metal the person is holding. The pathway that a current takes is critical because the electrical energy disrupts impulses in excitable tissues. Current flow through the brain may interrupt impulses from respiratory centers in the brain stem, and current flow through the chest may cause fatal cardiac arrhythmias. The resistance to the flow of current in electrical circuits transforms electrical energy into heat. This is why the elements in electrical heating devices are made of highly resistive metals. Much of the tissue damage produced by electrical injuries is caused by heat production in tissues that have the highest electrical resistance. Resistance to electrical current varies from the greatest to the least in bone, fat, tendons, skin, muscles, blood, and nerves. The most severe tissue injury usually occurs at the skin sites where the current enters and leaves the body. After electricity has penetrated the skin, it passes rapidly through the body along the lines of least resistance - through body fluids and nerves. Degeneration of vessel walls may occur, and thrombi may form as current flows along the blood vessels. This can cause extensive muscle and deep tissue injury. Thick, dry skin is more resistant to the flow of electricity than thin, wet skin. It is generally believed that the greater the skin resistance, the greater is the amount of local skin burn, and the less the resistance, the greater are the deep and systemic effects.
Cell nucleus injury
The causes of direct cell nucleus lesions are different physical, chemical, biological factors. Nucleus lesions have different morphological and functional manifestations. Chromatin condensation and bounds is a reversible alteration of the nucleus, which is manifested by the appearance under the nuclear membrane -several chromatin conglomerates. This process can be determined in cases of cell pH reducing during the intensification of glycolytic processes. The action of harmful factors - nuclear membrane formed vacuole by invagination of internal layers. 

1. Karyopyknosis - is the consequence of condensation and marginalization of chromatin all over the nucleus. Chromatin fibers condense from the action of lysosomal enzymes and DNA-ase.

1. Karyorrhexis – is the process of fragmentation of condensed chromatin, which can be located both in the nuclear membrane as well as in cytoplasm.

2. Karyolysis - is core damage with total disintegration of chromatin. 

Injuries of endoplasmic reticulum


The swelling of ER is a typical pathologic process as a consequence of hyperosmolarity and swelling of cytoplasm that leads to the detachment of ribosomes from it, polysomes disintegration with disturbances of cellular protein synthesis and for export protein synthesis with the following consequences.


Injury of mitochondria
Mitochondria are the cell's suppliers of life-sustaining energy in the form of ATP, but they are also critical players in cell injury and death. Mitochondria can be damaged by increases of cytosolic Ca2+ reactive oxygen species, and oxygen deprivation, and so they are sensitive to virtually all types of injurious stimuli, including hypoxia and toxins. In addition, mutations in mitochondrial genes are the cause of some inherited diseases.


There are two major consequences of mitochondrial damage. 

Mitochondrial damage often results in the formation of a high-conductance channel in the mitochondrial membrane, called the mitochondrial permeability transition pore. The opening of this conductance channel leads to the loss of mitochondrial membrane potential, resulting in failure of oxidative phosphorylation and progressive depletion of ATP, culminating in necrosis of the cell. 


 The mitochondria also sequester between their outer and inner membranes several proteins that are capable of activating apoptotic pathways; these include cytochrome c and proteins that indirectly activate apoptosis inducing enzymes called caspases. Increased permeability of the outer mitochondrial membrane may result in leakage of these proteins into the cytosol, and death by apoptosis.  
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Consequences of mitochondrial dysfunction, culminating in cell death by necrosis or apoptosis


Mitochondrial lesions have different aspect. Swelling of mitochondria is a qualitative modification common for multiple alterations of mitochondria that lead to the disturbance of oxidative phosphorilation processes. The swelling of mitochondria is conditioned by the rising of external membrane permeability, in case of hyperosmolarity and swelling of cell cytoplasm. This pathologic phenomenon is met also in inanition, hypoxia, intoxications, fever, and thyroxin administration. Deformation of crista with decreasing of their number shows a low functional activity of mitochondria; however, the increasing of crista number shows an intensification of energy synthesis according cellular requirements.
Lysosomal injuries
Lysosomal injuries are manifested by swelling and destabilization of lysosomal membranes.

Normally lysosomal membrane prevents contact between the cytoplasm and lysosomal enzymes, and so are avoided the possible autolytic processes. Lysosomal membrane destabilization or breaking leads to the exit of hydrolyses in the cytosol, the hydrolysis of organic compounds from hyaloplasm and ultimately to cell autolysis. Destabilization of lysosomal membranes and swelling accompanied by increase in their permeability are caused by hypoxia, acidosis, membrane lipid peroxidation, bacterial endotoxins, all types of shock, hypovitaminosis etc.

Consequences of lysosomal injuries are release of lysosomal hydrolase into hyaloplasm with specific degradation of substances (including proteins) and initiation of intracellular autolytic processes that lead to cell disintegration. Leaving the cell, lysosomal enzymes can penetrate into the blood so installing the enzymemia. 


Necrosis of mouth tissues can be induced by mechanical factors, which lead to rapid destruction of adamantine and dentine; by professional toxins (workers of chemical factory in acid production). There is considered that reduction of mouth pH reduces buffer properties of this and remineralization process, this favoring the process of tooth abrasion.


Necrotic injuries of mouth mucosa are characteristic in drug intoxication. So, toxic effects were put into evidence in drugs which contain mercury and bismuth. In the result of mercury interaction with HS on the border of the gum there are formed characteristic black area, the gum is bleeding and ulcero-necrotic injuries develop which can spread and involve all surface of mouth mucosa. Changes of mouth mucosa can occur in lead intoxication in coal workers, typists. Lead compound deposits on vessels walls leading to trophic changes of the mucosa with high risk for development of aseptic necrosis.


In case of contact of mouth mucosa with chemical substances (ethanol, aspirin) acids burns can happen leading to development of coagulation necrosis. Harmed area is covered with a hard membrane of brown-reddish color (in case of sulfuric acid), or yellow (azotic acid), or white-gray (other acids). These membranes adhere tight to underlying tissues being located on a bed with mucosal inflammation with edema and evident hyperemia.


Burns with alkali lead to wet necrosis of mouth mucosa without formation of hard membrane, Usually injured tissues have a jelly consistence, injury being more profound than that caused by acids. Necrosis can involve all mucosal layers, especially in the gum region and hard palatinum.


Burns with hot air or hot water start with acute catharal stomatitis, the epithelium being partly or totally macerated. In case of a severe burn epithelium detaches in flaps or forms blebs under which develop erosions or ulcerations.


Ulcero-necrotic stomatitis develops as a complication of viral infections, allergic erosive stomatitis as well as in the result of some severe diseases: leucosis, agranulocytosis, intoxications with heavy metals, in the soft tissues of the mouth can be found 2 zones: superficial (necrotic area) and profound (inflammatory). In the layers with necrosis microbial flora is abundant and divers (cocci, bacilli, fusobacteria, borelia etc..), fact that can aggravates evolution of ulcerations. More frequently there is injured mucosa in the area of wisdom teeth, where necrosis from alveolar crest spread toward retromolar mucosa, frequently leading to trismus and pain to deglutition. Ulcers localized at the level of hard palate lead to complete necrosis of layers of mucosa and denudation of the bone.


Multiple necrosis of the mouth mucosa occurs in actinic disease. In this disorder initially there is bucal and labial mucosal tumefaction with hyperemia, petechia, the mucosa being dry and pale, a sensation of burning is characteristic. 


Ulcerative changes of mouth mucosa can be the consequence of trophic changes in gastrointestinal disorders (stomach ulcer, colitis, enterocolitis, liver disorders). In this aspect there is important clinical correlation of aftous stomatitis with disorders of large intestine (irritation of large intestine leads to aftoid changes in the mouth). In case of gastritis and enterocolitis there can be found a desquamative glossitis as well as erosive-ulcerative glossitis.


In persons with various disorders of cardiovascular system, with disturbances of blood circulation frequently can be attested ulcero-necrotic processes at the level of mouth mucosa (trophic ulcers). These are spread predominantly on the lateral surface of the tongue, jugal mucosa, floor of the mouth, palate mucosa etc., and have hard borders, the bottom being covered with necrotic deposition of white-gray color.  Marked inflammatory reactions in the surrounding tissue are lacking. Necrotic processes can spread on the face, upper neck. There a describe clinical cases of mouth mucosa necrotic changes and involvement in the necrotic process of maxillary bone. In the result of tissue necrosis can develop severe bleeding. Persistence of trophic ulcer can lead to their malignization. 

Apoptosis


Apoptosis is a pathway of cell death that is induced by a tightly regulated suicide program in which cells destined to die activate enzymes that degrade the cells' own nuclear DNA and nuclear and cytoplasmic proteins. Apoptotic cells break up into fragments, called apoptotic bodies, which contain portions of the cytoplasm and nucleus. The plasma membrane of the apoptotic cell and bodies remains intact, but its structure is altered in such a way that these become “tasty” targets for phagocytes. The dead cell and its fragments are rapidly devoured, before the contents have leaked out, and therefore cell death by this pathway does not elicit an inflammatory reaction in the host. The process was recognized in 1972 by the distinctive morphologic appearance of membrane-bound fragments derived from cells, and named after the Greek designation for “falling off.” It was quickly appreciated that apoptosis was a unique mechanism of cell death, distinct from  necrosis, which is characterized by loss of membrane integrity, enzymatic digestion of cells, leakage of cellular contents, and frequently a host reaction. However, apoptosis and necrosis sometimes coexist, and apoptosis induced by some pathologic stimuli may progress to necrosis.

Apoptosis occurs normally both during development and throughout adulthood, and serves to eliminate unwanted, aged or potentially harmful cells. It is also a pathologic event when diseased cells become damaged beyond repair and are eliminated.


Apoptosis in physiologic situations


Death by apoptosis is a normal phenomenon that serves to eliminate cells that are no longer needed, and to maintain a steady number of various cell populations in tissues. It is important in the following physiologic situations: 


• The programmed destruction of cells during embryogenesis, including implantation, organogenesis, developmental involution, and metamorphosis. The term “programmed cell death” was originally coined to denote death of specific cell types at defined times during the development of an organism. Apoptosis is a generic term for this pattern of cell death, regardless of the context, but it is often used interchangeably with “programmed cell death.”


• Involution of hormone-dependent tissues upon hormone withdrawal, such as endometrial cell breakdown during the menstrual cycle, ovarian follicular atresia in menopause, the regression of the lactating breast after weaning, and prostatic atrophy after castration.


• Cell loss in proliferating cell populations, such as immature lymphocytes in the bone marrow and thymus that fail to express useful antigen receptors, B lymphocytes in germinal centers, and epithelial cells in intestinal crypts, so as to maintain a constant number (homeostasis).


• Elimination of potentially harmful self-reactive lymphocytes, either before or after they have completed their maturation, so as to prevent reactions against one's own tissues.


• Death of host cells that have served their useful purpose, such as neutrophils in an acute inflammatory response, and lymphocytes at the end of an immune response. In these situations cells undergo apoptosis because they are deprived of necessary survival signals, such as growth factors.


Apoptosis in pathologic conditions


Apoptosis eliminates cells that are injured beyond repair without eliciting a host reaction, thus limiting collateral tissue damage. Death by apoptosis is responsible for loss of cells in a variety of pathologic states:


• DNA damage. Radiation, cytotoxic anticancer drugs, and hypoxia can damage DNA, either directly or via production of free radicals. If repair mechanisms cannot cope with the injury, the cell triggers intrinsic mechanisms that induce apoptosis. In these situations elimination of the cell may be a better alternative than risking mutations in the damaged DNA, which may result in malignant transformation. These injurious stimuli can cause apoptosis if the insult is mild, but larger doses of the same stimuli may result in necrotic cell death.


• Accumulation of misfolded proteins. Improperly folded proteins may arise because of mutations in the genes encoding these proteins or because of extrinsic factors, such as damage caused by free radicals. Excessive accumulation of these proteins in the ER leads to a condition called ER stress, which culminates in apoptotic cell death. Apoptosis caused by the accumulation of misfolded proteins has been invoked as the basis of several degenerative diseases of the central nervous system and other organs.


• Cell death in certain infections, particularly viral infections, in which loss of infected cells is largely due to apoptosis that may be induced by the virus (as in adenovirus and HIV infections) or by the host immune response (as in viral hepatitis). An important host response to viruses consists of cytotoxic T lymphocytes specific for viral proteins, which induce apoptosis of infected cells in an attempt to eliminate reservoirs of infection. During this process there can be significant tissue damage. The same T-cell-mediated mechanism is responsible for cell death in tumors and cellular rejection of transplants.


• Pathologic atrophy in parenchymal organs after duct obstruction, such as occurs in the pancreas, parotid gland, and kidney.


Stages of Apoptosis


Apoptotic cells usually exhibit a distinctive constellation of biochemical alterations that underlie the structural changes described above. The stages of apoptosis are below.


Activation of caspases.


A specific feature of apoptosis is the activation of several members of a family of cysteine proteases named caspases. The caspase family, now including more than 10 members, can be divided functionally into two groups—initiator and executioner—depending on the order in which they are activated during apoptosis. Initiator caspases include caspase-8 and caspase-9. Several other caspases, including caspase-3 and caspase-6, serve as executioners. Like many proteases, caspases exist as inactive pro-enzymes, or zymogens, and must undergo an enzymatic cleavage to become active. The presence of cleaved, active caspases is a marker for cells undergoing apoptosis

DNA and protein breakdown.


Apoptotic cells exhibit a characteristic breakdown of DNA into large 50- to 300- kilobase pieces. Subsequently, there is cleavage of DNA by endonucleases into fragments. Endonuclease activity also forms the basis for detecting cell death by cytochemical techniques that recognize double-stranded breaks of DNA. 


Membrane alterations and recognition by phagocytes.


The plasma membrane of apoptotic cells changes in ways that promote the recognition of the dead cells by phagocytes. One of these changes is the movement of some phospholipids (notably phosphatidylserine) from the inner leaflet to the outer leaflet of the membrane, where they are recognized by a number of receptors on phagocytes. 

Disorders associated with dysregulated apoptosis 


Dysregulated apoptosis (“too little or too much”) has been postulated to explain aspects of a wide range of diseases.


Disorders associated with defective apoptosis and increased cell survival. An inappropriately low rate of apoptosis may permit the survival of abnormal cells, which may have a variety of consequences. For instance, if cells that carry mutations in p53 are subjected to DNA damage, the cells not only fail to die but are susceptible to the accumulation of mutations because of defective DNA repair, and these abnormalities can give rise to cancer. The importance of apoptosis in preventing cancer development is emphasized by the fact that mutation of p53 is the most common genetic abnormality found in human cancers. In other situations defective apoptosis results in failure to eliminate potentially harmful cells, such as lymphocytes that can react against self-antigens, and failure to eliminate dead cells, a potential source of self-antigens. Thus, defective apoptosis may be the basis of autoimmune disorders.

Disorders associated with increased apoptosis and excessive cell death. These diseases are characterized by a loss of cells and include (1) neurodegenerative diseases, manifested by loss of specific sets of neurons, in which apoptosis is caused by mutations and misfolded proteins; (2) ischemic injury, as in myocardial infarction and stroke ; and (3) death of virus-infected cells, in many viral infections.
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Schematic illustration of the morphologic changes in cell injury culminating in necrosis or apoptosis.
Features of necrosis and apoptosis
	Feature
	Necrosis
	Apoptosis

	Cell size
	Enlarged (swelling)
	Reduced (shrinkage)



	Nucleus
	Pyknosis➙karyorrhexis➙karyolysis
	Fragmentation into nucleosome-size fragments



	Plasma membrane
	Disrupted
	Intact; altered structure, especially orientation of lipids



	Cellular contents
	Enzymatic digestion; may leak out of cell
	Intact; may be released in apoptotic bodies



	Adjacent inflammation
	Frequent
	No



	Physiologic or pathologic role
	Invariably pathologic (culmination of irreversible cell injury)
	Often physiologic, means of eliminating unwanted cells; may be pathologic after some forms of cell injury, especially DNA damage





Cell dystrophy – typical cellular pathologic process caused by local or general metabolic disorders manifested by functional and/or structural changes at the level of the cells. 


One of the manifestations of metabolic disorders in cells is the intracellular accumulation of abnormal amounts of various substances. The stockpiled substances fall into two categories: (1) a normal cellular constituent, such as water, lipids, proteins, and carbohydrates, that accumulates in excess; or (2) an abnormal substance, either exogenous, such as a mineral or products of infectious agents, or endogenous, such as a product of abnormal synthesis or metabolism. These substances may accumulate either transiently or permanently, and they may be harmless to the cells, but on occasion they are severely toxic. The substance may be located in either the cytoplasm (frequently within phagolysosomes) or the nucleus. In some instances the cell may be producing the abnormal substance, and in others it may be merely storing products of pathologic processes occurring elsewhere in the body.

Classification of cell dystrophy 
I. by the degree of cell affectation - dystrophy may be:

· with functional deregulation predomination

· in combination with obvious structural modifications 

· reversible

· irreversible

II. in conformity with deranged metabolism - dystrophy may have:

· monovalent character (with derangement of one type of metabolism – protein, lipidic, carbohydrate, hydro, mineral)

· polyvalent with simultaneous derangement of few substances metabolism.

Dystrophies (with the exception of those congenital) don’t represent nosologic entities, but only syndromes in maladies composition.

III. in function of dystrophic area affection dystrophies may be:

· general, that comprise the majority of organisms tissues

· local with predominant affection of an organ (liver dystrophy, kidneys, myocardium).

IV. in function of predominant altered metabolism are distinguished: 

· protein dystrophy

· lipidic dystrophy

· carbohydrate dystrophy

·  mineral dystrophy

V. in function of provenience dystrophies are classified in:

· congenital dystrophy, 

· acquired dystrophies.


Etiology. The general causes of congenital dystrophies are the hereditary factors that cause congenital cellular enzymopathy – absence, defect or lack of cell enzymes. The effects of these abnormalities are accumulation into cells of metabolic substrate due to deficiency in its breakdown (i.e. congenital lack of glucoso-6-phosphatase leads to impossibility of glycogenolysis and excessive accumulations of glycogen into cells) as well as synthesis and accumulation of abnormal substances into the cell.

The general causes of acquired dystrophies are the factors that cause cell injuries, cellular metabolic disorders and general metabolic imbalance. The causes that cause cell injuries are mechanic, physical, chemical, biological factors, cell hypoxia, energy deficiency, transmembrane and intracellular transport deregulations of nutritive substances, and exocytose deregulations of intracellular substances. From the general metabolic disturbances that cause cell dystrophies, should be mentioned disorders in carbohydrate, lipid, protein metabolic processes.From general metabolic imbalance producing dystrophies the most frequent involved are hyperglycemia, galactosemia, hyperlipidemia, hypercholesterolemia, that lead to intracellular spaces infiltration with respective substances.
General mechanisms of cell dystrophy
 Many processes result in abnormal intracellular accumulations, but most accumulations are attributable to four types of abnormalities. 

1. A normal endogenous substance is produced at a normal or increased rate, but the rate of metabolism is inadequate to remove it. Examples of this type of process are fatty change in the liver and reabsorption protein droplets in the tubules of the kidneys.

2. An abnormal endogenous substance, typically the product of a mutated gene, accumulates because of defects in protein folding and transport and an inability to degrade the abnormal protein efficiently. Examples include the accumulation of mutated α1-antitrypsin in liver cells and various mutated proteins in degenerative disorders of the central nervous system.


3. A normal endogenous substance accumulates because of defects, usually inherited, in enzymes that are required for the metabolism of the substance. Examples include diseases caused by genetic defects in enzymes involved in the metabolism of lipid and carbohydrates, resulting in intracellular deposition of these substances, largely in lysosomes. 

4. An abnormal exogenous substance is deposited and accumulates because the cell has neither the enzymatic machinery to degrade the substance nor the ability to transport it to other sites. Accumulations of carbon particles and non-metabolizable chemicals such as silica are examples of this type of alteration.
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General mechanisms of intracellular accumulations

Mechanisms of cell dystrophy triggered by cell injuries are the following:   

Energetic lack is the most common mechanism of dystrophic processes in case of cell injury. From most common cases for decreased ATP is hypoxia of any genesis, ischemia, deficiency of nutritive substances, direct inhibition of oxidative processes (ex. intoxications, avitaminosis etc.). Energy deficiency diminishes anabolic cell processes – glycogen synthesis from glucose, phospholipids and lipoproteins synthesis from triacilglycerides, protein synthesis from amino acids etc. As a result there is accumulation of unused metabolic substances (ex. monosaccharide, triglycerides, ketones bodies, amino acids) that invade the cells, leading to dystrophy. Also, the energy lack disturbs the intracellular transports, leading to lack or excess of stored substances.

Free radicals and lipid peroxidation are the second cause of cell dystrophies. Formation of free radicals of oxygen and halogens is a physiologic mechanism for annihilation of foreign substances. On the other hand, free radicals formed in excess or not removed in time because of insufficiency of antioxidant system, become harmful, promoting by themselves alteration of cell structures directly or by lipid peroxidation of cell membranes (see above). Dystrophy by free radicals injuries occurs in hypoxia, ischemia, stress, shock, inflammations, infections, intoxications, hypersecretion of catecholamine and other.

Intracellular accumulation of calcium is the third pathogenic mechanism of dystrophies. The biologic role of intracellular calcium consists in the initiation of cellular activation processes (neuron, myocyte, and thrombocytes, myofibrils contraction). Calcium in the cell, in resting state, is concentrated into endoplasmic reticulum by active transportation from hyaloplasm. Calcium pumping from hyaloplasm into endoplasmic reticulum is performed by Ca/Mg dependent ATP-ase, by means of active transport, with energy consumption against the gradient of concentration. At cell activation, calcium is released from the endoplasmic reticulum into cytoplasm, having the role of intracellular messenger: in muscle links excitation and contraction, in nervous cell – excitation and release of mediators, in thrombocytes – activation and secretion of stored substances and others. After effectuation of cellular act (excitation, contraction) calcium from cytoplasm is again “pumped” into the endoplasmic reticulum by the same enzyme Ca/Mg dependent ATP-ase. Such, the resting state is equal to calcium storage into the endoplasmic reticulum, while cell activation with calcium passage out of endoplasmic reticulum into hyaloplasm. The mechanism by which increased calcium level into cell cytoplasm lead to cell dystrophy see above in the compartment of cell injuries

Intracellular accumulation of non-esterified fatty acids represents an important mechanism of lipid cell dystrophy. It consists in abundant passage of lipids into cells from the blood (in case of hyperlipemia), excessive intracellular synthesis of lipids or inhibition of lipid usage by cell in catabolic processes (lipolysis). Intracellular fatty acids are exposed to peroxidation processes with formation of peroxides, which affect the cytoplasmic membranes, mitochondrial membranes, lysosomes, endoplasmic reticulum and other, activate phospholipase A2, bound cations with formation of soaps and cause intracellular acidosis.

Lysosomal mechanism of dystrophies consists in non-specific activation of lysosomes with increased membrane permeability and passage of hydrolytic lysosomal enzymes in the cytoplasm with initiation of autolysis processes.

Catecholamine in excessive amounts also alter cells and start dystrophic processes by multiple mechanisms: by initiation of cell hyperfunction, leading to a relative energy depletion, by activation of glycolysis (development of lactic acidosis), by activation of lipolysis with excessive formation of fatty acids, by activation of lysosomes with hydrolytic autolysis, by intensification of peroxidation processes of lipids.
Dystrophic process in the desmodontal structures

Dystrophic process in the desmodontal structure starts with cell injury, progressive atrophy of tissues and final involvement of alveolar bone. Progressive atrophy of alveolar bone and ligaments is followed by retraction of envelope paradentium (fibromucous gum) with opening of the root cement without formation of paradentium pockets (chronic degenerative marginal paradentopathy or paradentitis).

In paradontosis, a dystrophic process in the paradentium, there is disorder of biologic oxidation process in the epithelial gingival cells (decreased content of sulfhydrilic groups). In the area with destruction of bone tissue there can be attested accumulation of neural and acid mucopolysacharides.  In the elements of conjunctive tissue and epithelial cells the process of oxidation and reduction are inhibited. In majority of cells can be found pycnosis of nucleus. Collagen fibers of paradentium and that of the gum become argirophils, can be attested accumulation of acid and neutral mucopolysacharides, mainly in the foci of sclerosis and in gingival epithelium. 

Paradontosis develops in 2 clinical forms:

1. Marginal paradontosis – there is reduction of marginal parodontium by horizontal atrophy of alveolar bone and generalized gingival retraction, alveolar bone presents osteoporosis changes with rarefiation of bone trabecula. Bone trabecular present lacunar images and bone marrow presents signs of fibrosis.

2. Desmodontal paradontosis – involves primary degenerative changes at the level of desmodontal ligaments with reduction of fascicle number which lose normal orientation being distributed diffusely. Severe dystrophic changes occurs as well at the level of salivary glands in case of their inflammation (syaloadenitis) or in reactive-dystrophic processes (syalosis). In both cases there can be found proteic, lipid or hydropic dystrophy which can evaluate to cell necrobiosis.
Consequences of dystrophy

Cell dystrophies lead to other pathologic processes (apoptosis, necrosis), tissular and organ processes (inflammation, atrophy, sclerosis) and integral processes (cardiac, renal, hepatic insufficiency, endocrine glands insufficiency).

