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	                            Introduction to pathology 


	Pathology: The study of diseases by scientific method.

Pathology as a word means the study (logos) of suffering (pathos). 
Pathology involves the investigation of: 
1- Etiology: The causes of disease. 
2- Pathogenesis: The underlying mechanisms that result in the presenting signs and 
    symptoms of the disease. 
3- Morphology: Identify changes in the gross or microscopic appearance of cells, tissues and 
    organs. 
The ultimate goal of pathology is the identification of the cause or causes of a given disease (etiology) that can eventuate in disease prevention &/or successful therapy. 

The primitive light microscope of Rudolf Virchow (1821-1902), a German pathologist, enabled him to see changes in diseased tissues at a cellular level. His observations have had a profound influence on the understanding of many diseases 
Pathology is divided into:
a- General pathology: Study of cellular and tissue responses to pathologic stimuli.
b- Systemic pathology: study of the particular responses of specialized organs. 

	Disease: Abnormal variation in structure or function of any part of the body.

Causes of diseases:
A- Genetically determined diseases: Abnormality in the DNA of the fertilized ovum that is  

     inherited from one or both parents.

B- Acquired diseases: occurs due to environmental factors like:

1- Deficiency disease: iron deficiency anemia.
2- Physical agents: mechanical injury, heat, cold, irradiation.

3- Chemical and drugs: cyanide, strong acids and alkalis.

4- Infectious microorganism: bacteria, fungi and viruses.

5- Immunological factors: immunity has protection effects against microbes but it also has  harmful effects due to reaction of antibodies and lymphocytes with microbes and their  toxic products.

6- Pscyhologic factors: schizophrenia, depression.

7- Diseases of addiction (alchohol, tobacco and various drugs). 
Experimental pathology refers to the observation of the effects of manipulations on animal models or cell cultures regarding researches on human diseases.
Clinical pathology: the approach to the patient’s illness clinically is based
on the following sequence of steps;
Patient's history _Examination_Investigations _Diagnosis _Treatment
Clinical pathology is more concerned with analysis of the disease itself
that include;
§ its cause (etiology),
§ the mechanisms of its evolution (pathogenesis),
§ its effects on various organs and systems of the body.
Methods  used to study pathology:
1- Histopathology: Examination of the diseased tissues by light or electron microscope.

2- Cytopathology: Examination of isolated cells for diagnosis of the disease.

3- Biochemistry: Examination of the metabolic disturbances of diseases by evaluation of  

    various compounds in body fluids.   
4- Microbiology: Identification of the causative microorganism of the disease by 
    examination of body fluids, mucosal surfaces and excised tissues using microscopical, 
    cultural and serological techniques.

5- Haematology: Microscopical examination of blood.

6- Cytogenetics: Examination of chromosomal abnormality.

7- Histochemistry: Detection of cells and tissues constituents using special  

     immunohistochemical techniques.

8- Forensic pathology: Examination of tissues taken from autopsy (dead body).
9- Toxicology; concerned with the study of the effects of known or suspected poisons on the body.
Techniques in Pathology
           1-Anatomic Pathology
                    a-Gross pathology
                    b-Light Microscopy
                    c-Immunohistochemistry & immunofluorescence 
                    d-Electron microscopy
                    e-Molecular pathology
          2-Biochemical techniques
          3-Hematological techniques
          4-Medical microbiology
          5-Serology
          6-Flowcytometry 
Gross pathology (macroscopic pathology):
 This refers to the changes affecting various organs and tissues in diseases as evident to the naked eye. Much of these changes have been derived from autopsy (postmortem) examinations, which is still an important investigative method.
 The gross pathology of many diseases is so characteristic that an experienced pathologist can give a fairly confident diagnosis of the disease before further investigations are carried out. 
Light microscopy:
§ Advances in light microscopic examination have resulted in a wealth of new information about the structure of tissues and cells in health and disease.
§ If solid tissues (e.g. liver, kidney etc.) are to be examined by light microscopy, the sample must first be thinly sectioned to permit the transmission of light and to minimize the superimposition  of tissue components.
§ These sections are routinely cut from tissue hardened by permeation  with and embedding in wax
§ For some purposes (e.g. histochemistry, or when very urgent diagnosis is needed) sections have to be cut from tissue that has been hardened rapidly by freezing (frozen section technique).
§ The sections are stained to help distinguishing between different
components of the tissue (e.g. nuclei, cytoplasm, and other structures such as collagen). 

Stains used in pathology:
1- Haematoxylin and eosin stain (H&E): It is the primary stain used in sectioned slides to reveals their histological details. Haematoxylin has strong affinity for nuclear chromatin giving blue discoloration, while eosin has strong affinity for proteins presents in the cytoplasm giving pink discoloration.

2- Periodic acid Schiff stain (PAS): Special stain used to demonstrate glycogen, neutral mucosubstances, basmement membrane and most types of fungi and parasites.

3- Stain for microorganism: used to demonstrate gram-positive and gram-negative bacteria, acid fast bacteria, fungi and parasites. e.g: Gram stain and zeihl-Neelsen stain.

4- Amyloid stain: e.g. congo red for detection of amyloid.

5- Reticulin stain: used to demonstrate both reticular fiber (type III collagen presents in the connective tissue throughout the body) and basement membranes (type IV collagen and laminin). The main use of this stain is in tumor pathology.

6- Giemsa stain: used to demonstrate lymphoreticular elements.     

7- Perl’s  stain   (for the detection of iron). 
Immunohistochemistry and immunofluorescence 
   These techniques employ antibodies (with antigen specificity) to visualize substances (for e.g. cellular proteins or surface receptors) in tissue sections or cytological cell preparations.
   To visualize the reaction sites; these antibodies are connected chemically to enzymes (Immunohistochemistry) or fluorescent dyes (Immunofluorescence) are used.
   In immunohistochemistry the end product is a deposit of colored material that can be seen with a conventional light microscope. The list of substances detectable by these
techniques has been greatly enlarged by the development of monoclonal antibodies. 

Electron microscopy:
 this has extended the range of pathology to the study of disorders at an organelle (subcellular) level and the demonstration of viruses in tissue samples from some diseases. 
The most common diagnostic use of electron microscopy, however, is the interpretation of renal biopsies i.e. helps establish the diagnosis of various glomerular diseases. 

Electron Microscopes (EM) are scientific instruments that use a beam of highly energetic
electrons to examine objects on a very fine scale
Application of EM to diagnostic Pathology
1. Tumor pathology (histogenesis)
2. Renal pathology (deposits and classification)
3. Skin vesicular disorder 
Molecular pathology:
  Many important advances are now coming from the science of molecular pathology for e.g. the disclosure that defects in the chemical structure of molecules are in fact the result of errors in the genomic DNA, and precisely, in the sequence of the DNA bases that directs amino acid synthesis.
  Through the use of in situ hybridization technique, it is possible to make the presence of specific genes or their messenger RNA visible in tissue sections or cell preparations.
  Minute quantities of nucleic acids can be amplified by the use of the polymerase chain reaction (PCR) using oligonucleotide  primers specific for the genes being studied. 
DNA microarrays can be used to determine patterns of gene expression (mRNA).
Molecular pathology applications include the study, for example, of abnormal hemoglobin molecules, such as in sickle cell disease and the alterations in the genome that control cell growth, which is important part in the development of neoplasms 

MORBID ANATOMY (AUTOPSY)
An autopsy, also known as a post-mortem examination or necropsy 
itis a procedure that consists of a thorough examination of a dead body to determine the cause and manner of death and to evaluate any disease or injury that may be present. It is usually performed by a specialized medical doctor called a pathologist. 

Autopsies are useful
1- For the determination of the cause of death
2- The evaluation of the accuracy of clinical diagnosis (and hence management) before death; thus, postmortems act as a quality control for the medical practice.
3-Education tool for medical students (both undergraduates and postgraduates) to learn pathology. It is an opportunity to correlate clinical signs with their underlying pathological changes. 
4-As a source of research into the causes and mechanisms of different diseases
5-For accurate statistics about disease incidence. 
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                        Cell Injury, Cell Death, and Adaptation
Cellular responses to stress and injurious stimuli: 
    Cells are the active part in their environment, maintaining normal homeostasis (staying stable) and adjusting their structure and function to accommodate any changes or extracellular stresses. Any physiologic stresses or pathologic stimuli on the cells, they can undergo adaptation, achieving a new steady state and preserving viability and function. 
Types of adaptation are: Hypertrophy, Hyperplasia, Atrophy and Metaplasia. 
If the adaptive capability is exceeded or if the external stress is harmful, cell injury develops. 
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Cell injury is of two type:
1- Reversible injury:  The cells return to a stable state. 
2- Irreversible injury: Severe or persistent stress results in cell death. 
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	Cellular adaptations to stress:
Adaptations are reversible changes in the number, size, phenotype, metabolic activity, or functions of cells in response to changes in their environment. Adaptation could be:
1- Physiologic adaptations: Responses of cells to normal stimulation by hormones or endogenous chemical materials, e.g.: the hormone-induced enlargement of the breast and uterus during pregnancy. 
2- Pathologic adaptations: Responses to stress that allow cells to modulate their structure and function and thus escape injury. 
Types of adaptations: 
1- Hypertrophy: 

An increase in the size of cells resulting in increase in the size of the organ. There are no new cells, just bigger cells, enlarged by an increased amount of structural proteins and organelles. Hypertrophy occurs when cells are incapable of dividing. 
a- Physiologic hypertrophy: e.g.: in skeletal muscle cells of weight lifter.

b- Pathologic hypertrophy: e.g.: cardiac enlargement that occurs with hypertension or aortic 
    valve disease.
2- Hyperplasia: 

An increase in number of cells that occur if the cell population is capable of dividing.
a- Hormonal hyperplasia: e.g. : The proliferation of the glandular epithelium of the female 
    breast at puberty and during pregnancy.
b- Compensatory hyperplasia: occurs when a portion of the tissue is removed or diseased.  e.g.: when a liver is partially resected, mitotic activity in the remaining cells begins to restore the liver to its normal weight. 
 c- Pathologic hyperplasia: caused by excessive hormonal or growth factor stimulation. 
     e.g, endometrial hyperplasia that occurrs due to disturbances in the balance between estrogen and 
progesterone
hormons causing abnormal menstrual bleeding. Another example is connective tissue hyperplasia in wound healing in which proliferating fibroblasts and blood vessels aid in repair. 
3- Atrophy: 

Shrinkage in the size of the cell by the loss of cell substance. Atrophic cells may have diminished function but they are not dead. Causes of atrophy include a decreased workload, e.g., immobilization of a limb to permit healing of a fracture, loss of innervation, diminished blood supply, inadequate nutrition, loss of endocrine stimulation, and aging (senile atrophy).
4- Metaplasia: 

Change in which one adult cell type (epithelial or mesenchymal) by another adult cell type, e.g. in cigarette smokers, the normal ciliated columnar epithelial cells of the respiratory epithelium is replaced by stratified squamous epithelial cells.
Overview of cell injury and cell death
Cell injury results when cells are stressed so severely that they are no longer able to adapt or

when cells are exposed to inherently damaging agents or suffer from intrinsic abnormalities.

Injury may progress through a reversible stage and culminate in cell death.
1- Reversible cell injury: In early stages or mild forms of injury the functional and morphologic changes are reversible if the damaging stimulus is removed. At this stage, although there may be significant structural and functional abnormalities, the injury has typically not progressed to severe membrane damage and nuclear dissolution.
2- Cell death: With continuing damage, the injury becomes irreversible, at which time the cell cannot recover and it dies. 
Types of cell death:

1- Necrosis: Occur when the damage to membranes is severe, enzymes leak out of lysosomes, enter the cytoplasm, and digest the cell. Cellular contents also leak out through the damaged plasma membrane and result in a host reaction (inflammation). Necrosis results from ischemia, exposure to toxins, various infections, and trauma. 
2- Apoptosis occurs when a cell is deprived of growth factors or the cell's DNA or proteins are damaged beyond repair, the cell kills itself by another type of death, called apoptosis, which is characterized by nuclear dissolution without complete loss of membrane integrity. Apoptosis is an active, energy-dependent, tightly regulated type of cell death that is seen in some specific situations. 
    Whereas necrosis is always a pathologic process, apoptosis serves many normal functions and is not necessarily associated with pathologic cell injury.
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	Causes of cell injury 
1- Hypoxia: 
It is oxygen deficiency, caused by ischemia which is loss of blood supply in a tissue.  

2- Chemical Agents: 

Include air pollutants, insecticides, CO, asbestos, alchohol and therapeutic drugs if used excessively or inappropriately. 
3- Infectious Agents: 

Viruses, rickettsia, bacteria, fungi, protozoans and tapeworms. 
4- Immunologic Reactions: 

Although the immune system defends the body against pathogenic microbes, immune reactions can also result in cell and tissue injury like autoimmune reactions against one's own tissues and allergic reactions against environmental substances.
5- Genetic Defects:  

Genetic defects can result in pathologic changes like congenital malformations associated with Down syndrome and sickle cell anemia. 
6- Nutritional Imbalances: 

Like protein-calorie insufficiency and specific vitamin deficiencies. Excesses of nutrition are also important causes of cell injury, e.g., obesity increases the risk for type 2 diabetes mellitus, and diets rich in animal fat lead to the development of atherosclerosis. 
7- Physical Agents: 

Trauma, extremes of temperatures, radiation, electric shock, and sudden changes in atmospheric pressure all have wide-ranging effects on cells. 
8- Aging: 

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


	The morphology of cell injury: 
A- Morphology of reversible Injury: 

1- Cellular swelling due to failure of energy-dependent ion pumps in the plasma membrane, leading to an inability to maintain ionic and fluid homeostasis. Microscopic examination may reveal small, clear vacuoles within the cytoplasm; these represent distended and pinched-off segments of the endoplasmic reticulum. This pattern of nonlethal injury is sometimes called hydropic change or vacuolar degeneration.
2- Fatty change occurs in hypoxic injury and various forms of toxic or metabolic injury.  

    It is manifested by the appearance of small or large lipid vacuoles in the cytoplasm.  

    It occurs mainly in cells involved in and dependent on fat metabolism, such as 
    Hepatocytes in the liver and myocardial cells in the heart. 
B- Morphology of irreversible Injury: Necrosis 

Necrosis is a series of changes that accompany cell death, resulting from the digestive 
action of enzymes on injured cells.  Necrotic  cells are  unable  to  maintain  membrane 
integrity, and their contents often leak out. 
Morphology

1- Increased eosinophilia: i.e., pink staining from the eosin dye, the "E" in "H&E" due to increased binding of eosin to denatured cytoplasmic proteins and to loss of the basophilia that is normally imparted by the ribonucleic acid (RNA) in the cytoplasm (basophilia is the blue staining from the hematoxylin dye, the "H" in "H&E"). 

2- The cell may have a more glassy homogeneous appearance than viable cells, because of the loss of glycogen particles. 
3- When enzymes have digested the cytoplasmic organelles, the cytoplasm becomes vacuolated and appears motheaten. 

4- Dead cells may be replaced by large, whorled phospholipid masses which then either phagocytized by other cells or degraded into fatty acids which will be calcified resulting in the appearance of calcified dead cells. 
5- Nuclear changes occur due to breakdown of DNA and chromatin and it include:  
a- Karyolysis: The basophilia of the chromatin may fade, secondary to deoxyribonuclease  

    (DNase) activity. 
b- Pyknosis: Nuclear shrinkage and increased basophilia; the DNA condenses into a solid 
     shrunken mass. 
c- Karyorrhexis: The pyknotic nucleus undergoes fragmentation and then completely 
    disappears.
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Morphologic changes in reversible and irreversible cell injury (necrosis). 

A, Normal kidney tubules with viable epithelial cells. B, Early (reversible) ischemic injury showing surface blebs, increased eosinophilia of cytoplasm, and swelling of occasional cells. C, Necrotic (irreversible) injury of epithelial cells, with loss of nuclei and fragmentation of cells and leakage of contents.
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A normal cell and the changes in reversible and irreversible cell injury (necrosis).
Patterns of Tissue Necrosis 

1- Coagulative necrosis: 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 except the brain.
2- Liquefactive necrosis: Seen in focal bacterial or, occasionally, fungal infections, because microbes stimulate the accumulation of inflammatory cells and the enzymes of leukocytes will digest ("liquefy") the tissue and it occur within the dead cells of the central nervous system. Liquefaction completely digests the dead cells, resulting in transformation of the tissue into a liquid viscous mass. If the process was initiated by acute inflammation, the material is frequently creamy yellow and is called pus.
3- 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.
4- Caseous necrosis: The term "caseous" (cheese-like) is derived from the friable yellow-white appearance of the area of necrosis. The necrotic focus appears as a collection of fragmented or lysed cells with an amorphous granular appearance. Unlike coagulative necrosis, the tissue architecture is completely lost and cellular outlines cannot be seen. Caseous necrosis is often enclosed within a distinctive inflammatory border; this appearance is characteristic of a focus of inflammation known as a granuloma. It is seen most often in foci of tuberculous infection.
5- Fat necrosis: Focal areas of fat destruction, resulting from release of activated pancreatic lipases into the substance of the pancreas and the peritoneal cavity. Histologically, the foci of necrosis contain shadowy outlines of necrotic fat cells with basophilic calcium deposits, surrounded by an inflammatory reaction.
6- Fibrinoid necrosis: Seen in immune reactions involving blood vessels. This pattern of necrosis is prominent when complexes of antigens-antibodies are deposited in the walls of arteries together with fibrin that has leaked out of vessels; result in a bright pink and amorphous appearance in H&E stains, called "fibrinoid" (fibrin-like). 
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	Mechanisms of cell injury 
Cell injury results from functional and biochemical abnormalities in one or more of several
essential cellular components.
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The most important targets of injurious stimuli are:

(1) Mitochondria, the sites of ATP generation (the energy store of cells).
(2) Cell membranes, on which the ionic and osmotic homeostasis of the cell and its 
      organelles depends. 
(3) Protein synthesis. 
(4) The cytoskeleton. 
(5) The genetic apparatus of the cell. 

ATP depletion: The major causes of ATP depletion are reduced supply of oxygen and nutrients, mitochondrial damage, and the actions of some toxins (e.g., cyanide). 
Failure of energy-dependent functions → reversible injury → necrosis 

Mitochondrial damage: ATP depletion → failure of energy-dependent cellular functions → necrosis; under some conditions, leakage of proteins that cause apoptosis 

Influx of calcium: activation of enzymes that damage cellular components and may also trigger apoptosis. Failure of the Ca2+ pump leads to influx of Ca2+, with damaging effects on numerous cellular components.
Accumulation of reactive oxygen species: covalent modification of cellular proteins, lipids, nucleic acids.
Increased permeability of cellular membranes: The activity of the plasma membrane energy-dependent sodium pump is reduced, resulting in intracellular accumulation of sodium and efflux of potassium, causing cell swelling.
Accumulation of damaged DNA and misfolded proteins triggers apoptosis.
Cells have mechanisms that repair damage to DNA, but if this damage is too severe to be corrected (e.g., after radiation injury), the cell initiates its suicide program and dies by apoptosis. A similar reaction is triggered by improperly folded proteins, which may be the result of inherited mutations or external triggers such as free radicals. 
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	Apoptosis:  (Programmed cell death)
Apoptosis is regulated mechanism of cell death that serves to eliminate unwanted and irreparably damaged cells. Characterized by: enzymatic degradation of proteins and DNA, initiated by caspases enzyme; and recognition and removal of dead cells by phagocytes. 
    This cell death is induced by a tightly regulated suicide program in which the cells activate enzymes capable of degrading the cells' own nuclear DNA and nuclear and cytoplasmic proteins. Fragments of the apoptotic cells then break off; giving the appearance that is responsible for the name:

Apoptosis = "falling off". 
    The plasma membrane of the apoptotic cell remains intact, but the membrane is altered in such a way that the cell and its fragments will be phagocytized and rapidly cleared before its contents have leaked out, and therefore cell death by this pathway does not elicit an inflammatory reaction in the host. 
Thus, apoptosis differs from necrosis, which is characterized by loss of membrane integrity, enzymatic digestion of cells, leakage of cellular contents, and frequently a host inflammatory reaction.

Causes of Apoptosis 

1- Apoptosis in Physiologic Situations: 

1-The programmed destruction of cells during embryogenesis, including implantation, organogenesis, developmental involution, and metamorphosis. 
2- "Involution of hormone-dependent tissues upon hormone deprivation, such as endometrial cell breakdown during the menstrual cycle, and regression of the lactating breast after weaning. 
3- Cell loss in proliferating cell populations, such as intestinal crypt epithelia and oral epithelium so as to maintain a constant number of epithelial cells.  
4- Death of cells that have served their useful purpose, such as neutrophils in an acute inflammatory response, and lymphocytes at the end of an immune response. 
5- Elimination of potentially harmful self-reactive lymphocytes, either before or after they have completed their maturation, in order to prevent reactions against one's own tissues.

6- Cell death induced by cytotoxic T lymphocytes, a defense mechanism against viruses and tumors that serves to kill and eliminate virus-infected and neoplastic cells.
2- Apoptosis in Pathologic Conditions 

Apoptosis eliminates cells that are genetically altered or injured beyond repair without eliciting a severe host reaction, thus keeping the damage as contained as possible. Death by apoptosis is responsible for loss of cells in a variety of pathologic states: 

1- DNA damage. Radiation, cytotoxic anticancer drugs, extremes of temperature, and even hypoxia can damage DNA. If repair mechanisms cannot cope with the injury, the cell triggers intrinsic mechanisms that induce apoptosis. 
2- Accumulation of improperly folded proteins leads to apoptotic death of cells. 
3- Cell injury in certain infections, particularly viral infections, in which loss of infected cells is largely due to apoptotic death that may be induced by the virus.

4- Pathologic atrophy in parenchymal organs after duct obstruction, such as occurs in the pancreas, parotid gland, and kidney. 
Morphology of apoptosis:

In H&E-stained tissue sections, apoptotic cells may appear as round or oval masses with intensely eosinophilic cytoplasm. Nuclei show various stages of chromatin condensation, aggregation and karyorrhexis.

l
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Intracellular accumulations 
Sometimes abnormal amounts of various substances may be accumulated in the cells which may be harmles or causing cell injury. The substance may be located in the cytoplasm, within organelles (typically lysosomes), or in the nucleus, and it may be synthesized by the affected cells or may be produced elsewhere. 
Mechanisms of intracellular accumulation. 

(1) Abnormal metabolism, A normal substance is produced at a normal or an increased rate, but the metabolic rate is inadequate to remove it as in fatty change in the liver. 

(2) Mutations causing alterations in protein folding and transport, so that defective molecules accumulate intracellularly. A normal or an abnormal endogenous substance accumulates because of genetic (mutation) or acquired defects in its metabolism. Ex:  storage diseases in which there is inherited defect in an enzyme responsible for degradation of its metabolite.

(3) A deficiency of critical enzymes responsible for breaking down certain compounds, causing substrates to accumulate in lysosomes, as in lysosomal storage diseases. 

(4) An inability to degrade phagocytosed particles, as in carbon pigment accumulation in the lung. 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. 
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Mechanisms of intracellular accumulation. (1) Abnormal metabolism, as in fatty change in the liver. (2) Mutations causing alterations in protein folding and transport, so that defective molecules accumulate intracellularly. (3) A deficiency of critical enzymes responsible for breaking down certain compounds, causing substrates to accumulate in lysosomes, as in lysosomal storage diseases. (4) An inability to degrade phagocytosed particles, as in carbon pigment accumulation.
Fatty Change (Steatosis) 

Fatty change refers to any abnormal accumulation of triglycerides within parenchymal cells. It is most often seen in the liver, because it is the major organ involved in fat metabolism, but it may also occur in heart, skeletal muscle, kidney, and other organs. Steatosis may be caused by toxins, protein malnutrition, diabetes mellitus, obesity, and anoxia. Alcohol abuse and diabetes associated with obesity are the most common causes of fatty change in the liver (fatty liver) in industrialized nations. 
The significance of fatty change:

1- Mild fatty change may have no effect on cellular function. 
2- More severe may transiently impair cellular function (fatty change is reversible). 
3- Severe form lead to cell death ending with serious liver disease. 

Morphology:

In any site, fatty accumulation appears as clear vacuoles within the cells. Special staining techniques are required to distinguish fat from intracellular water or glycogen, which can also produce clear vacuoles but have a different significance. 

To identify fat microscopically, Sudan IV or oil red O is used (these stain fat orange-red). 

To identify glycogen, periodic acid-Schiff stain is used (which stains glycogen red-violet). 

If vacuoles do not stain for either fat or glycogen, they are presumed to be composed mostly of water.
Cholesterol and Cholesteryl Esters:

Phagocytic cells (macrophages) may become overloaded with lipid (triglycerides, cholesterol, and cholesteryl esters) when it come in contact with the lipid debris of necrotic cells. These macrophages may be filled with minute vacuoles of lipid, giving a foamy appearance to their cytoplasm called foam cells. 

Proteins: 

In kidney disease like nephrotic syndrome, there is heavy protein leakage across the glomerular filter so there is a much larger reabsorption of the protein resulting in the histologic appearance of pink, hyaline  droplets in the cytoplasm.
Glycogen: 

Excessive intracellular deposits of glycogen are associated with abnormalities in the metabolism of either 


 or glycogen. In poorly controlled diabetes mellitus, glycogen accumulates in renal tubular epithelium, cardiac myocytes, and β cells of the islets of Langerhans. glucose
Pigments: 

Pigments are colored substances that are either: 
1- Exogenous, coming from outside the body, like carbon (an example is coal dust). When inhaled, it is phagocytosed by alveolar macrophages giving black pigmentation of the lung. This condition is called anthracosis. 
2- Endogenous, synthesized within the body itself, include lipofuscin, melanin, and certain derivatives of hemoglobin. 
Lipofuscin, or "wear-and-tear pigment," represents complexes of lipid and protein appear as

brownish-yellow granular intracellular material that accumulates in heart, liver, and brain as a function of age or atrophy. 
Melanin is an endogenous, brown-black pigment produced in melanocytes located in the epidermis and acts as a screen against harmful ultraviolet radiation
Hemosiderin is a hemoglobin-derived granular pigment that is golden yellow to brown and accumulates in tissues when there is a local or systemic excess of iron result from hemorrhage. The condition is called hemosiderosis. It is found in the mononuclear phagocytes of the liver, bone marrow, spleen, and lymph nodes. 
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	Pathologic calcification: 
1- Dystrophic calcification:
It is abnormal deposition of calcium salts, together with smaller amounts of iron, magnesium, and other minerals occurs in dead or dying tissues. 
2- Metastatic calcification The deposition of calcium salts in normal tissues due to derangement in calcium metabolism (hypercalcemia). 
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	Cellular aging: 


	


	Cellular aging is the result of a decrease in the proliferative capacity and life span of cells and the effects of continuous exposure to exogenous factors that cause accumulation of cellular and molecular damage.
Several mechanisms are responsible for cellular aging: 

1- DNA damage which may happen during normal DNA replication and can be enhanced by free radicals. 
2- Decreased cellular replication. All normal cells have a limited capacity for replication, and after a fixed number of divisions cells become arrested in a terminally nondividing state, known as replicative senescence. Aging is associated with progressive replicative senescence of cells. Cells from children have the capacity to undergo more rounds of replication than do cells from older people. 
3- Reduced regenerative capacity of tissue stem cells. Occur due to accumulation of p 16 protein which is inhibitor of cell proliferation. 
4- Accumulation of metabolic damage. One group of potentially toxic products of normal metabolism is reactive oxygen species, which cause covalent modifications of proteins, lipids, and nucleic acids. Increased oxidative damage could result from repeated environmental exposure to such influences as ionizing radiation along with progressive reduction of antioxidant defense mechanisms. 
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