
Degenerative changes, 

Intracellular accumulations 

and pathologic calcification.



• Cells tend to maintain their intracellular milieu within a fairly 

narrow range of physiologic parameters; they maintain 

homeostasis.

• As cells encounter physiologic stresses or pathologic stimuli, 

they undergo adaptation achieving a new steady state and 

preserving viability and function.

• The principle adaptive responses are hypertrophy, 

hyperplasia, atrophy and metaplasia

• If the adaptive capability is exceeded or if the external stress 

is inherently harmful, cell injury develops.

• Within certain limits injury is reversible, and cells return to a 

stable baseline; severe or persistent stress results in 

irreversible injury and death of the affected cells

• Cell death is one of the most crucial events in the etiology and 

morphologic changes of pathology.



• Cell death is also a normal and essential 

process in embryogenesis, development of 

organs and the maintenance of homeostasis.

• Reversible injury occurs in the early stages 

when the injury is mild.

• Cell death - with continuing damage, the injury 

becomes irreversible and cell death results; 2 

types of cell death: apoptosis and necrosis.



• When severe damage of membrane occur, enzymes 

leak out of the lysosomes, enter the cytoplasm and 

digestion of the cell, resulting in necrosis.

• Cellular contents also leak out through a damaged 

plasma membrane eliciting a host reaction 

(inflammation).

• Necrosisis a major pathway of cell death in 

commonly countered injuries, such as ischemia, 

exposure to toxins, various infections and trauma.

• When a cell is deprived of growth factors or the cell`s 

DNA or proteins are damaged beyond repair, the cell 

kills itself by apoptosis, which is characterized by 

nuclear dissolution without loss of membrane 

integrity.



• Apoptosis is an active, energy-dependent, 

tightly regulates type cell death. Whereas 

necrosis is always a pathologic process, 

apopotosis serves many normal functions and 

is not necessarily associated with pathologic 

chnges.



Causes of cell injury
• Oxygen deprivation

Hypoxia or oxygen deficiency in ischaemia and infarction.

• Chemical agents.

• Infectious agents e.g. Rickettsial, bacterial, fungal, protozoal

etc.

• Immunologic reactions; autoimmune diseases or allergic 

diseases causing cell death.

• Genetic defects

Enzyme deficiencies and inborn errors of metabolism or 

accumulation of damaged DNA or misfolded proteins-

trigger cell death

• Nutritional imbalances: excesses or deficiencies



• Physical agents e.g. trauma, extreme of temperatures, 

radiation, electric shock, sudden changes in atmospheric 

pressure.

• Aging

Cellular senescence leads to alteration of replicative and 

repair abilities of individual cells and tissues.

These changes result in diminished ability to respond to 

damage and eventually the death of cells and of the 

organism.

REVERSIBLE CELL INJURY

• 2 main features:

• Cellular swelling - as a result of failure of energy dependent 

pumps in the plasma membrane leading to inability to 

maintain ionic and fluid homeostasis.

• Fatty change.



• The ultrastructural changes in reversible injury;
Plasma membrane alterations such as blebbing, 

blunting or distortion of microvilli and loosening of 

intracellular attachments

Mitochondrial changes as swelling and the 

appearance of phospholipid-rich amorphous 

densities

Dilatation of the ER with detachment of polysomes

Nuclear alterations, with clumping of chromatin



Necrosis
• Increased eosinophilia

• Nuclear shrinkage, fragmentation and dissolution

• Breakdopwn of the plasma mebrane and organellar 

membranes

• Myelin figures

• Leakage and enzymatic digestion of cellular contents

Apoptosis

• Nuclear chromatin condensation

• Formation of apoptotic bodies.



Morphology
• Coagulative necrosis - is a form of tissue necrosis 

in which the component cells are dead but the basic 

tissue architecture is preserved

• Coagulative necrosis is characteristic of infarcts 

(areas of ischemic necrosis) in all solid organs 

except the brain.

• Liquefactive necrosis is seen in focal bacterial or 

occassionally, fungal infections, because microbes 

stimulate the accumulation of inflammatory cells and 

the enzymes of leukocytes digest (liquefy) the tissue.



• Caseous necrosis is encountered most often 

in foci of TB infection

• Fat necrosis - focal areas of fat destruction

• Fibrinoid necrosis is a special form of 

necrosis usually seen in immune reactions 

involving blood vessels



Intracellular accumulations
• The substance may be located in the cytoplasm or in the organelles 

(typically lysosomes) or in the nucleus and it may be synthesised within 

the cell or may be exogenous substances produced elsewhere.

MECHANISMS

• A normal substance is produced at a normal rate or an increased rate but 

the metabolic rate is inadequate to remove it e.g. fatty change in the liver.

• A normal or abnormal endogenous substance accumulates because of 

genetic or acquired defects in its folding, packaging, transport or secretion 

e.g. in alpha anti-trypsin deficiency .

• An inherited defect in an enzyme may result in failure to degrade a 

metabolite resulting in storage disorders.

• An abnormal exogenous substance is deposited and accumulates 

because the cell has neither the enzymatic machinery to degrade the 

substance nor to transport it to to other sites.



Fatty change/steatosis
• Refers to any abnormal accumulation of triglycerides within 

parenchymal cells

• Most often seen in the liver but may also occur in heart, 

skeletal muscle, kidney and other organs

• Caused by toxins, protein malnutrition, DM, obesity and 

anoxia

• The significance of fatty change depends on the severity and 

cause of the accumulation; when mild it may have no effect 

on cellular function

• Most severe fatty change may transiently impair cell function



Cholesterol and cholesteryl esters
• Phagocytic cells may become overloaded with lipids in 

several different pathologic processes.

• In atherosclerosis, smooth muscle cells and 

macrophages are filled with lipid vacuoles composed of 

the above; these give atherosclerotic plaques their 

characteristic yellow and contribute to the pathogenesis 

of the lesion.

• In hereditary and acquired hyperlipidemic syndromes, 

macrophages accumulate intracellular cholesterol; when 

present in the sub-epithelial conective tiissue of skin or in 

tendons, clusters of theses foamy macrophages for 

masses called xanthomas



Protein accumulation
• Much less common than lipid accumulations

• In disordes with heavy proteinuria e.g. nephroptic syndrome, 

pinocytic vesicles containing this protein fuse with lysosomes, 

resulting in the histologic appearance of pink, hyaline 

cytoplasm droplets

• Another example is the marked accumulation of newly 

synthesized immunoglobulins that may occur in some plasma 

cells forming rounded eosinophilic Rusell bodies

• The Mallory body/alcoholic hyalin is an eosinophilic

cytoplasm inclusion in liver cells that is highly characteristic of 

alcoholic liver disease

• The neurofibrillary tangle found in the brain in Alzheimer`s 

disease is an aggregated protein inclusion that contains 

microtubule-associated proteins and neurofilaments, a 

reflection of a disrupted neuronal cytoskeleton.



Glycogen

• In poorly controlled DM, glycogen 

accumulates in the renal tubular 

epithelium, cardiac myocytes and the beta 

cells of the islets of langerhans

• Glycogen accumulates within cells in 

GSDs or glycogenoses



Pigments
• Pigments are colored substances that are either endogenous 

or exogenous (carbon is the most common)

• When the carbon is inhaled it is phagocytosed by alveolar 

macrorphages and transported to regional tracheobronchial 

lymph nodes.

• Aggregates of the pigment blacken the draining lymph nodes 

and pulmonary parenchyma (anthracosis)

• Heavy accumulations may induce emphysema or a 

fibroblastic reaction that can result in coal worker`s 

pneumoconiosis.

• Endogenous pigments include lipofuchsin, melanin and 

certain derivatives of hemoglobin



Calcificaton

• It implies the anbormal deposition of calcium 

salts together with smaller amounts of 

magnesium, iron etc.

• Dystrophic calcification occurs within dead 

or dying tissues; in the absence of calcium 

metabolic derangements.

• The deposition of calcium salts in normal 

tissue is known as metastatic clacification 

and almost always reflects some 

derangement in calcium metabolism 

(hypercalcemia).
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DEGENERATIVE DISORDERS, INTRACELLULAR ACCUMULATIONS AND PATHOLOGIC CALCIFICATION

Cells tend to retain their intracellular milieu within a fairly narrow range of physiologic parameters; that is they maintain a steady state. As cells encounter physiological stresses or pathologic stimuli, they undergo adaptation, achieving a new steady state and preserving viability and function of the cell

The principle adaptive responses are;

· Hypertrophy 

· Hyperplasia 

· Atrophy 

· Metaplasia 

If the adaptive capability is exceeded or if the external stress is inherently harmful, cell injury develops. Within certain limits, injury is;

· Reversible; cells return to stable baseline

· Irreversible injury; affected cells eventually die due to severe or persistent stress

Cell death is one of the most crucial events in the evolution of disease in any tissue or organ. Cell death is a normal and essential process in embryogenesis, the development of organs and the maintenance of homeostasis 

Reversible cell injury

Occurs in early stages or mild forms of injury, the functional and morphologic changes are reversible if the damaging stimulus is removed

Cell death

Occurs with continuing damage and the injury becomes irreversible at which time the cell cannot recover and it dies. There are two types of cells death;

· Necrosis; occurs in several forms of diseases hence is pathologic

· Apoptosis; this is programmed cell death and occurs even without disease

When damage to membranes is severe, enzymes leak out of lysosomes, enter the cytoplasm and digest the cell resulting in necrosis. Cellular contents also leak out through the damaged plasma membrane and elicit a host reaction (inflammation)

Necrosis is the major pathway of cell death in commonly encountered injuries such as ischemia, exposure to toxins, various infections and trauma. When a cell is deprived of growth factors or the cell’s DNA or proteins are damaged beyond repair, the cell kills itself by apoptosis which is characterized by nuclear dissolution without loss of membrane integrity hence no exposure of cellular contents

Apoptosis is an active and energy dependent tightly regulated type of cell death whereas necrosis is always a pathologic process, apoptosis serves many normal functions and is not necessarily associated with pathologic cell injury

Causes of Cell Injury

Oxygen Deprivation 

Hypoxia or oxygen deficiency interferes with aerobic oxidative respiration and is an important and common cause of cell injury and death

Chemical Agents

An enormous number of chemical substances can injure cells; for example, in mercuric chloride poisoning

Infectious Agents

These range from rickettsiae, bacteria, fungi and protozoans

Immunological Reactions

Immune reactions can also result in cell and tissue injury. Examples include autoimmune reactions and allergic reactions against environmental substances in genetically susceptible individuals

Genetic Defects

Genetic defects may cause cell injury because of deficiency of functional proteins such as enzymes in inborn errors of metabolism or accumulation of damaged DNA or misfolded proteins both of which trigger cell death when they are beyond repair

Variations in the genetic make-up can also influence the susceptibility of cells to injury by chemicals and other environmental insults

Nutritional Imbalances

Nutritional deficiencies are a major cause of cell injury. Excesses of nutrition are also important causes of morbidity and mortality 



Physical Agents

Trauma, extremes of temperature, radiation, electric shock and sudden changes in atmospheric pressure all have a wide ranging effect on cells

Aging 

Cellular senescence leads to alterations of replicative and repair abilities of individual cells and tissues. These changes result in a diminished ability to respond to damage and eventually the death of cells and of the organism

Reversible Injury 

The two main morphologic correlates of reversible cell injury are cellular swelling and fatty change. Cellular swelling is the result of failure of energy-dependent ion pumps in the plasma membrane leading to an inability to maintain ionic and fluid homeostasis

The ultrastructural changes of reversible cell injury are;

· Plasma membrane alterations such as blebbing, blunting or distortion of microvilli and loosening of intercellular attachments

· Mitochondrial changes such as swelling and the appearance of phospholipid rich amorphous densities 

· Dilation of the ER with detachment of ribosomes and dissociation of polysomes

· Nuclear alterations with clumping of chromatin 

Necrosis 

· Increased eosinophilia 

· Nuclear shrinkage, fragmentation and dissolution

· Breakdown of plasma membrane and organellar membranes 

· Myelin figures 

· Leakage and enzymatic digestion of cellular contents 

Apoptosis 

· Nuclear chromatin condensation 

· Formation of apoptotic bodies 

Morphology 

Coagulative necrosis; This is a form of tissue necrosis in which the component cells are dead but the basic tissue architecture is preserved. Coagulative necrosis is characteristic of infarcts (areas of ischemic necrosis) in all solid organs except the brain. 

Liquefaction necrosis is seen in focal bacterial or occasionally fungal infections because microbes stimulate the accumulation of inflammatory cells and the enzymes of leukocytes digest (liquefy) the tissue

Caseous necrosis is encountered most often in foci of tuberculosis infection. The term ‘caseous’ (cheese like) is derived from the friable yellow-white appearance of the area of necrosis

Fat necrosis refers to focal areas of fat destruction 

Fibrinoid necrosis is a special form of necrosis usually seen in immune reactions involving blood vessels

Intracellular Accumulations

The substance may be located in the cytoplasm within organelles (typically lysozomes) or in the nucleus and it may be synthesized by the affected cells or may be produced elsewhere

Mechanism

· A normal substance is produced at a normal or an increased rate but the metabolic rate is inadequate to remove it e.g. fatty change in the liver.

· A normal or an abnormal endogenous substance accumulates because of genetic or acquired defects in its folding, packaging, transport or secretions e.g. α1-antitrypsin deficiency 

· An inherited defect in an enzyme may result in failure to degrade a metabolite. The resulting disorders are called storage diseases

· 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. 

Fatty Change (Steatosis)

· Refers to any abnormal accumulation of triglycerides within parenchymal cells

· Most often seen in the liver but may also occur in the heart, skeletal muscle, kidney and other organs

· Caused by toxins, protein malnutrition, diabetes mellitus, obesity and anoxia. 

· The significance of fatty change depends on the cause and severity of the accumulation. When mild it may have no effect on cellular function

· More severe fatty change may transiently impair cellular function

Cholesterol and Cholesteryl Esters

· Phagocytic cells may become overloaded with lipid (triglycerides, cholesterol and cholesterol esters) in several different pathologic processes

· In artherosclerosis smooth muscle cells and macrophages are filled with lipid vacuoles composed of cholesterol and cholesteryl esters; these give artherosclerosis plaques their characteristic yellow color and contribute to the pathogenesis of the lesion 

· In hereditary and acquired hyperlipidemic syndromes, macrophages accumulate intracellular cholesterol; when present in the subepithelial connective tissue of skin or in tendons, clusters of these foamy macrophages form masses called xanthomas

Proteins 

· Much less common than lipid accumulations 

· In disorders with heavy proteinuria e.g. nephritic syndrome, pinocytic vesicles containing this protein fuse with lysosomes, resulting in the histologic appearance of pink, hyaline cytoplasmic droplets

· Another example is the marked accumulation of newly synthesized immunoglobulins that may occur in some plasma cells forming rounded eosinophilic Russel bodies 

Other examples 

· The Mallory bodies or ‘alcoholic hyaline’ is an eosinophilic cytoplasmic inclusion in liver cells that is highly characteristic of alcoholic liver disease

· The neurofibrillary tangle found in the brain in Alzheimer disease is an aggregated protein inclusion that contains microtubule-associated proteins and neurofilaments; a reflection of a disrupted neuronal cytoskeleton 

Glycogen 

· In poorly controlled diabetes mellitus, glycogen accumulates in renal tubular epithelium, cardiac myocytes and β cells of the islets of Langerhans

· Glycogen also accumulates within cells in a group of genetic disorders collectively referred to as glycogen storage diseases or glycogenoses 

Pigments 

· Pigments are colored substances that are either exogenous coming from outside the body or endogenous, synthesized within the body

· The most common exogenous pigment is carbon

· When inhaled, it is phagocytosed by alveolar macrophages and transported through lymphatic channels to the regional tracheobronchial lymph nodes

· Aggregates of the pigment blacken the draining lymph nodes and pulmonary parenchyma (anthracosis)

· Heavy accumulations may induce emphysema or a fibroblastic reaction that can result in coal workers’ pneumoconsiosis

· Endogenous pigments include lipofuscin, melanin and certain derivatives of hemoglobin e.g. hemosiderrin  

Pathologic Calcification 

· It implies the abnormal deposition of calcium salts, together with smaller amounts of iron, magnesium and other minerals

· When the deposition occurs in dead or dying tissues it is called dystrophic calcification; it occurs in the absence of calcium metabolic derangements i.e. with normal serum levels of calcium

· The deposition of calcium salts in normal tissues is known as metastatic calcification and almost always reflects some derangement in calcium metabolism (hypercalcemia)
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As cells encounter physiologic stresses or pathologic stimuli, they can undergo adaptation, The principal adaptive responses are hypertrophy, hyperplasia, atrophy, and metaplasia. 

If the adaptive capability is exceeded or if the external stress is inherently harmful, cell injury develops. 







Reversible cell injury. In early stages or mild forms of injury the functional and morphologic changes are reversible if the damaging stimulus is removed.

Cell death. With continuing damage, the injury becomes irreversible, at which time the cell cannot recover and it dies. 

There are two types of cell death-necrosis and apoptosis









Reversible Injury

The two main morphologic correlates of reversible cell injury are cellular swelling and fatty change.

The ultrastructural changes of reversible cell injury include (1) plasma membrane alterations such as blebbing, blunting or distortion of microvilli, and loosening of intercellular attachments; 

(2) mitochondrial changes such as swelling and the appearance of phospholipid-rich amorphous densities; 

(3) dilation of the ER with detachment of ribosomes and dissociation of polysomes; 

(4) nuclear alterations, with clumping of chromatin. 









Necrosis

term necrosis refer to a series of changes that accompany cell death, largely resulting from the degradative action of enzymes on lethally injured cells.







The basophilia of the chromatin may fade (karyolysis), presumably secondary to deoxyribonuclease (DNase) activity. 

A second pattern is pyknosis, characterized by nuclear shrinkage and increased basophilia; the DNA condenses into a solid shrunken mass. 

In the third pattern, karyorrhexis, the pyknotic nucleus undergoes fragmentation. In 1 to 2 days, the nucleus in a dead cell completely disappears.









Patterns of Tissue Necrosis

 

Coagulative necrosis is a form of tissue necrosis in which the component cells are dead but the basic tissue architecture is preserved for at least several days. Coagulative necrosis is characteristic of infarcts (areas of ischemic necrosis) in all solid organs.

Liquefactive necrosis is seen in focal bacterial or, occasionally, fungal infections, because microbes stimulate the accumulation of inflammatory cells and the enzymes of leukocytes digest ("liquefy") the tissue.









gangrenous necrosis - applied to a limb, generally the lower leg, that has lost its blood supply and has undergone coagulative necrosis involving multiple tissue layers. When bacterial infection is superimposed, coagulative necrosis is modified by the liquefactive action of the bacteria and the attracted leukocytes (so-called wet gangrene)

Caseous necrosis is encountered most often in foci of tuberculous infection.

Fat necrosis, refers to focal areas of fat destruction

Fibrinoid necrosis is a special form of necrosis usually seen in immune reactions involving blood vessels.









MECHANISMS OF CELL INJURY

The cellular response to injurious stimuli depends on the type of injury, its duration, and its severity. The consequences of an injurious stimulus depend on the type, status, adaptability, and genetic makeup of the injured cell.









Depletion of ATP

The activity of the plasma membrane energy-dependent sodium pump is reduced.

There is a compensatory increase in anaerobic glycolysis. 

Failure of the Ca2+ pump leads to influx of Ca2

Prolonged or worsening depletion of ATP causes structural disruption of the protein synthetic apparatus









Damage to Mitochondria

failure of oxidative phosphorylation and progressive depletion of ATP

Increased permeability of the mitochondrial membrane may result in leakage of proteins into the cytosol and death by apoptosis.









Influx of Calcium

Increased cytosolic Ca2+ activates a number of enzymes, with potentially deleterious cellular effects 

Increased intracellular Ca2+ levels also result in the induction of apoptosis, by direct activation of caspases and by increasing mitochondrial permeability. 









Accumulation of Oxygen-Derived Free Radicals (Oxidative Stress)

Lipid peroxidation of membranes. 

Cross-linking of proteins. 

DNA fragmentation. 









Defects in Membrane Permeability

The most important sites of membrane damage during cell injury are the mitochondrial membrane, the plasma membrane, and membranes of lysosomes.

Damage to DNA and Proteins

Cells have mechanisms that repair damage to DNA, but if this damage is too severe to be corrected (e.g., after radiation injury or oxidative stress), the cell initiates its suicide program and dies by apoptosis.







INTRACELLULAR ACCUMULATIONS









Cells can accumulate pigments or other substances as a result of a variety of different pathological and physiological processes- and this is usually an early indicator of cell stress or reversible injury







Substances that may be accumulated:


normal cell constituents-which accumulate in an excess (lipids, proteins, carbohydrates)

abnormal substances, as a product of abnormal metabolism

pigments=colored substances

    

     These substances can accumulate transiently or permanently, 

     they may be harmless to  the cells or toxic

     can be located-in nuclei

		                   -in cytoplasm, most frequently within         lysosomes









The processes  resulting in an abnormal accumulation of substances in the cells can be many, but there are three general types

	1.-abnormal metabolism of normal endogenous substance- normal endogenous substance is produced at a normal or increased rate, and the rate of metabolism is inadequate to remove it

example- fatty change of the liver

	2.-normal or abnormal substance accumulates because it cannot be metabolized- due to lack of enzymes that blocks the specific metabolic pathways









example- lysosomal storage diseases

	3.-deposition of abnormal exogenous substance-is deposited because the cell can neither metabolize it nor has the ability to trasport it out of the cell

example-accumulation of carbon particles in the lungs and in lymph nodes, or silica particles in lungs

 









Intracellular accumulations of substances can be

	-reversible (overload is due to increased rate of metabolism, that can be brought under control)

	-irreversible - for example storage disease due to genetic disorder - accumulation may be progressive and cause secondary injury or cell death

 







TYPES OF ACCUMULATIONS


Fatty change (steatosis) 

represents any abnormal accumulation of fat within the cells. 

is usually an early indicator of cell injury, fatty change itself represent nonlethal injury, but may also be seen in dead cells or is encountered in cells adjacent to necrosis

fatty change is often seen in liver, but it can also occur in heart, muscle, kidney etc.









Light microscopy:

fat vacuoles (clear, optically empty) within the cytoplasm

Positive identification of fat in routine sections





FATTY LIVER  = STEATOSIS:


causes of fatty liver

excessive alcohol consumption is a common cause, protein malnutrition, diabetes mellitus, obesity, hepatotoxins, and drugs

gross appearance:

mild fatty change does not affect the gross appearance

more severe fatty change- the liver is enlarged, and yellow and greasy, it has an increased weight (even more than 3 to 5 kg)- hepatomegaly









pathogenesis of fatty liver

	a-excessive entry of free acids to liver cell

-if there is an excessive amount of fat-rich diet

-in starvation-adipose tissue fat is mobilized, more fatty acids enter liver cell and concurently there is less apoprotein due to decreased proteosynthesis

	b-impaired or decreased fatty acid metabolism

-effect of alcohol poisoning, also in chronic hypoxia

	c-decreased apoprotein synthesis

-protein malnutrition from various causes







Significance of fatty change in liver

depends on the cause and the severity of accumulation

mild fatty change-has no effect on the function

more severe fatty change - cell injury or cell death







FATTY CHANGE OF HEART

two patterns:

	1-in prolonged mild hypoxia—„tigered effect“

-here intracellular deposits of fat create grossly apparent yellow bands alternating with bands of red-brownish colour of uninvolved myocardium (in anaemia)

	2- in more profound hypoxia or in severe types of myocarditis- fatty change is diffuse







CHOLESTEROL DEPOSITS 

	atherosclerosis - the lipids accumulate in the smooth muscle cells and macrophages of intimal layer of the aorta and of large arteries

	xanthoma- tumorous masses composed of foamy cells -in subepithelial connective tissue of the skin and near tendons

	foamy macrophages-may also occur near necrotic foci or adjacent to inflammation- due to phagocytosis of lipid substances derived from injured cells

	stromal infiltration of fat-common in connective tissue of heart muscle, in pancreas, parotid gland- only rarely affects function of the organ









ACCUMULATION OF PROTEINS

in proteinuria  -protein-loss in the urine - occurs in epithelial cells of proximal tubules 

plasma cells - synthesis of immunoglobulins

    in chronic inflammatory reactions, the plasma cells may be overloaded with their synthetic products (IgG)- results in formation of large homogenous eosinophilic inclusions-Russel bodies









ACCUMULATION OF GLYCOGEN

	1-Diabetes mellitus -is the most common and most important disorder of glucose metabolism

    Glycogen is found in epithelial cells of distal portions of proximal tubules and Henle loops= Armani cells









2-GLYCOGENOSES

group of diseases characterized by excessive accumulation of glycogen due to inherited deficiency of any of the enzymes involved in glycogen synthesis or degradation

	1) hepatic types of glycogenoses - caused by deficiency of hepatic enzymes involved in glycogen metabolism, such as lack of glucose-6-phosphatase

= VON GIERKE disease ( type I glycogenosis)

clinical effects:

enlargment of liver- due to storage of glycogen in hepatocytes

hypoglycemia due to failure of glucose production

enlargment of kidney

bleeding tendency due to platelet dysfunction

mortality about 50 percent







2) myopathic type - in striated muscles - glycogen is an important source of energy

lack of enzymes such as muscle phosphorylase cause block of glycogenolysis, that induces accumulation of glycogen in skeletal muscles

= Mc Ardle syndrome ( type V glycogenosis )









3) generalized glycogenosis - deficiency of lysosomal enzyme involved in glycogen metabolism ( acid maltase )

resulting in accumulation of glycogen in virtually all organs

most important in heart muscle, liver, skeletal muscle = POMPE DISEASE ( type II glycogenosis )









ACCUMULATION OF COMPLEX SUBSTANCES

lipids-carbohydrates

typically occurs in lysosomal storage diseases

inheredited usually autosomal recessive errors of metabolism .

abnormal substances are phagocytosed in RES cells - they change to foamy cells= macrophages of extreme size with pale foamy cytoplasm

most foamy macrophages - in the spleen, liver, bone marrow, lymph nodes, etc. hepatosplenomegaly









Classification of lysosomal storage diseases.

1) GAUCHER DISEASE

deficient activity of the enzyme glucocerebrosidase that normally cleaves glucose from ceramide- this leads to an accumulation of glucocerebrosides in Gaucher’s cells (foamy macrophages)

clinical effects:

it is characterized by hepatosplenomegaly - spleen is massively enlarged- hypersplenism may contribute to anemia and leukopenia







2) NIEMANN-PICK DISEASE

lysosomal accumulation of sphingomyelin and cholesterol, defect of enzyme sphingomyelinase 

the phagocytic cells are filled with particles and droplets of complex lipid

most severely affected organs are spleen, liver, bone marrow, lymph nodes, lungs, neurons.

Clinical significance:

manifests in infancy- sever neurologic detererioration and visceromegaly-lethal usually within 2-3 years of life

therapy: unknown







3) TAY-SACHS DISEASES ( gangliosidosis)

gangliosidoses are characterized by accumulation of gangliosides due to deficiency of lysosomal enzyme, most commonly hexosaminidase A

the brain is principally affected- storage of gangliosides within neurons and glial cells

affected cells are foamy, enlarged, swollen

retina is usually involved

infants suffer of mental retardation, blindness, neurologic disorders, which leads to certain death within 2-3 years









MUCOPOLYSACCHARIDOSES 

are characterized by defective degradation of mucopolysaccharides in different tissues

m. that accumulate include dermatan sulfate, heparan sulfate, keratan sulfate

clinically: most are associated with severe skeletal abnormalities, mental retardation

HURLER’S SYNDROME - one form of MPS

affected children die within 8-10 years

they develop severe coarse facial features with skeletal abnormalities = gorgoylism

death due to heart failure









ACCUMULATION OF PIGMENTS

pigments can be

	-exogenous (coming from outside the body)

	-endogenous (synthesized within the body itself)

Exogenous 

 the most common are carbon particles or coal dust

 tatooing- injected pigment is taken up by macrophages and persists forever in the cells and extracellularly- in dermal macrophages and fibroblasts









endogenous- include -lipofuscin, melanin, hemoblobin-derived pigments, such as hemosiderin, bilirubin, etc.









1. LIPOFUSCIN

insoluble pigment- fine intracytoplasmic granules, yellow-brown called aging pigment

Lipofuscin is composed of complex lipids, derived from peroxidation of lipids.

lipofuscin is often associated with atrophy- brown atrophy

Lipofuscin itself is not injurious to the cell.









2. MELANIN

is an endogenous  pigment, brown-black in color, produced in melanocytes

melanin is derived from tyrosine

the function of melanin is to block harmful UV rays from the epidermal nuclei

melanin may accumulate in excessive quantities in benign and malignant melanocytic lesions- nevi, melanoma

in inflammatory skin lesions- melanin may be released from injured basal cells and taken up by dermal









3. HEMOSIDERIN

 is a golden-yellow to brown granular pigment found in lysosomes within the cell cytoplasm

the body has no effective mechanism for elimination of excess iron

excess of iron then accumulates in macrophages and parenchymal cell in the form of hemosiderin

 deposition of hemosiderin in tissue macrophages is termed hemosiderosis









Localized hemosiderosis

is common and results from gross hemorrhages, ruptures of small vessels or from severe vascular congestion, etc.

   hemoglobin is broken down and its iron is deposited locally as   hemosiderin

no clinical significance, its presence only indicates a site of hemorrhage









2) Generalized hemosiderosis

is less common, occurs in those conditions when there is an excess iron in the body

occurs following multiple tranfusions

following excessive dietary iron

in some hemolytic anemias

hemosiderin is deposited in many organs (liver, bone marrow, spleen, lymph nodes) first in macrophages, later also in parenchymal cells

Hemochromatosis

-is uncommon inherited or idiopathic disease characterized by  deposits of hemosiderin throughout the body, the mostly affected organs are the liver (cirrhosis), pancreas (diabetes mellitus), and the skin (brown colour)

pathogenesis:

primary defect lies in mucosal cells of the small intestine. 







4. BILIRUBIN 

accumulation of bilirubin is called jaundice (icterus)- yellowish discoloration of skin and sclerae- occurs when bilirubin is elevated in the blood and deposited in tissues

Causes of jaundice

	-increased production of bilirubin

	-decreased excretion by the liver

	-bile duct obstruction





Metastatic and Dystrophic calcification. 
 


Metastatic calcification - abnormal deposition of calcium salts in normal tissues whenever there is hypercalcemia

2.     Dystrophic calcification -abnormal calcium deposits in dead, dying and injured cells and tissues-normal serum levels of calcium and phosphates

calcification occurs in

	-atheromas in advanced atherosclerosis (aorta, larger arteries)

	-in aging or damaged heart valves

	-in caseous necrosis (tuberculous lymph node -hard as stone), enzymatic necrosis of fat- Balser necrosis 

progressive acquisition of salts may lead to the creation of concentric lamellar structures known as psammoma bodies 
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