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Pathology Concepts

Ischemic Cell Injury
Irreversible Cell Injury and Necrosis
I.  Physiological compartments

A.  External Environment- external to cells.  All cells contact the external environment except for those of the spleen and lymph nodes (LV through bile duct, PN through pancreatic duct, KD through urinary tract, lungs through bronchi, etc.)

B.  Internal Environment-  w/in cells, the 
1.  interstitial space = tissue space-  Located between organ parenchyma and capillaries, it contains connective tissue.

TS is bounded by the epithelium and basement membrane (there is no tissue space in the brain, lung, and kidney as the basement membrane is bound directly to the epithelium).   Homeostasis is maintained  through fluid dynamics. 

a.  Infection is an invasion of the tissue space.


b.  A malignant tumor invades the tissue space whereas a benign tumor does not.  
II.  Cell Pathology


A.  Pathology is the study of suffering, literally.  A pathologist determines the final Dx.  One  studies the pathogenesis (sequence of disease manifestation or mechanism of disease development, as well as the morphology (anatomy of health vs. disease; the induced structural alterations).  Morphology is 2( to biochemical  derangement.   Through this information the etiology (origin/ cause of disease) and the clinical correlation (functional consequences of morphological changes) can be determined

B.  Organelle Relationship To Cell Injury

1.  Cellular response is due to the type, duration a severity of injury.

2.  Cellular response is also due to the type, state and adaptability of the cell.
3.  Vulnerable systems of the cell include the cell membrane, aerobic metabolism, protein synthesis and genes also considering that injury to one system affects one or more other systems.
C.  Cell Injury

1.  Disease is the interruption o f homeostasis:
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D.  Adaptation to cell stress to avoid injury includes:

atrophy (( cell size d/t tissue denervation; ( nutrition hormones, pressure, aging)

hypertrophy (( cell size; could be physilogical or pathological)

hyperplasia (( in cell number) 
metaplasia ( change in cell structure or cell type ( 1( columnar changes to squamous)

dysplasia ( loss of cell orientation to basement membrane ( change in shape, size and reproductive timing)


Carcinoma in situ is the beginning of severe dysplasia and occurs in stages (i.e. Stage 3 - entire epithelium dysplastic)

aplasia (failure of cell production, such as agenesis of an organ)

E.  Adaptation could result in intracellular storage phenomena: 

1.  (production of an endogenous substance relative to the normal rate of clearance.
2.  Genetic or acquired defects is metabolism, packaging, transport or secretion of the substance.
3.   Deposit of an exogenous substance.
Lipid accumulation (“fatty change”)  is an abnormal, pathogenic  fat build-up w/in the parenchyma of organs.  The heart and liver are primarily involved but the pancreas, kidney and musculature can be affected as well. Fat accumulation of the connective tissue (fatty stroma) is not necessarily pathogenic as function is usually not impaired.

Hepatocyte Lipid Accumualtion:
1)  FFA’s entering d/t starvation or corticosteroid use (( cholesterol, TG’s, phospholipids  and (( oxidation( (ketone formation.

2)   (FA synthesis as in alcoholism

3)  (( oxidation d/t hypoxia caused by CHF or anemia

4)  ( FA’s ( TG’s rather than cholesterol or phospholipids as in sever alcoholics

5)  (Apoprotein synthesis d/t (-)protein, CCl4, poisons does not allow lipids to leave the liver.

6)  (lipoprotein secretion.

Protein accumulation may also occur.  For example, Russell bodies are ( Ig’s in plasma cells  Protein can also accumulate in the cells of the proximal convoluted tubule of the kidney 2( to glomerular basement membrane weakness.  This condition occurs in multiple myeloma.  Proteinuria is also observed:  particularly, Ig light chains which are termed Bence Jones proteins.  Proteins may also fold inappropriately leading to ( intracellular transport and secretion as well as toxicity d/t aggregated, abnormally formed protein.

Glycogen accumulation occurs in abnormal glucose or glycogen metabolism.  In DM, the PCT cells of the kidney, the liver and heart cell nuclei and B cells of the pancreas all accumulate glycogen.  Excess glycogen destroys neurons, muscle cells and reticuloendothelial cells.

Pigement accumulation takes place as a result of many pathological activities:  

-Lipofuscin, a generally nontoxic product of free radical damage,  may take up to 40% of cell volume, 1( in the heart and brain.

-Melanin accumulates in Addison’s disease(chronic adrenal hypofunction): ( cortisol(((-)feedback on pituitary((ACTH( melanin   

-Hemosiderin is aggregated ferrtin which appears yellow/brown.  Hemosiderosis is excess hemosiderin esp. in reticuloendothelial organs, often d/t hemolytic anemias  Extensive hemosiderosis (familial or acquired) can lead to organ failure (Hemochromatosis):  1( the liver or pancreas (Sx:  steatorrhea, fat malabsorption, diabetes(bronze diabetic d/t hemosiderin deposition in the skin).

-Bilirubin is a nontoxic hepatic product of heme (porphyrin) breakdown that is conjugated  and excreted in bile.    It has an affinity for elastic fibers (sclera).  Unconjugated bilirubin (hepatocellular disease) is excreted by the spleen macrophages.  It is hydrophobic and toxic.

F.  Miscellaneous Changes in Cells

1.  Calcification occurs with a local deposition of Ca2+ in nonviable or dying tissue and  1( occurs in the gastric mucosa, kidney, lungs, arteries and pulmonary veins. which all lose H+ thus leading to a predisposition.

a.  Metastatic calcification is due to hyper calcemia  most often d/t hyper parathyroidism, osteolytic tumors, hyper vitaminosis D, renal failure, aluminum intoxication and milk alkali syndrome.

b.  Dystrophic calcification occurs in previously damaged tissue.

i.  Intracellular form occurs in the mitochondria of necrotic cells.

ii.  Extracellular form involves the pholpholipids of vessicle derived from degenerating cells:  Ca2+ binds phsopholipids and membrane phosphatases produce inorganic phosphates which bind Ca2+.  The process repeats w/ deposition occuring near the membrane.  Ca(PO4) forms crystals which perforate membrane.

2.  Hyaline change  is an alteration w/in cells or in the extracellular space giving a homogenous, glassy pink appearnce 

        most often caused by nonspecific proteinaceous accumulation.

III.  Major Causes of Cell Injury

A.  Cell injury results from physical, chemical, infectious, immunological, genetic and nutritional damage.  Injury can result in ischemia, the state of ( perfusion of blood leading to ( O2.    Hypoxia, a ( in blood O2 with normal perfusion, may also result.  Hypoxia and free radical damage are the 1( and 2( causes of cell injury.

B. Free radical cell damage results in lipid peroxidation:  double bonds are attacked by OH.  causing propagation of free radicals which, in turn, damage organelles.   Free radical damage also results in endothelial damage, ( vascular permeability (NO) and inactivation of anti-proteases..  Natural antioxidants include ceruloplasmin, transferrin, SOD, catalase and GSH peroxidase

1.  Superoxide ions (O2-) are quenched by SOD

2.  Hydrogen peroxide (H2O2) is quenched by catalase

3.  The hydroxyl radical:  H2O2  + O2- ( 2 OH- + O2-

4.  The Fenton Reaction involves the donation/acceptance of electrons by metals such as Fe and Cu creating free radicals.   Fe must be in the Fe2+ form therfore superoxide must be present to cause the reaction.

H2O2 + Fe2+  (    Fe3+  +  OH- + OH.
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C.  Ionizing Radiation damages cells by hydrolyzing H2) ( OH. + H..  

1.  Proliferating cells are affected by DNA damage resulting in dysfunctional replication and subsequent dysfunctional  protein synthesis.

2.  Nonproliferating cells are affected by phospholipid peroxidation leading to ( membrane integrity.

IV.  Ischemic Cell Injury (reverisble and irreverisble phases)
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Leakage of proteins, enzymes, coenzymes, cofactors, RNA metabolites such as CK, LDH, AST, ALT- clinical markers!


Reperfusion Injury occurs when blood flow is restored.  Reperfusion of blood causes ( amounts of free radicals d/t ( neutorphils and other 

enzymes resulting in injury.

Irreversible Cell Injury and Necrosis

Necrosis is cell death while the organism is still alive and is a cause of inflammation

-Coagulative necrosis results from rupture of cells due to severe swelling and is the result of hypoxic cell death in all tissues but the brain.  The released proteins are denatured and coagulate into an eosinophilic mass.  Organelles degrade and nuclei disappear (pycnosis) as well.  Eventually the cell disappears through karyolysis or karyorrexis (fragmentation).  

-Liqefactive necrosis  often results from infection where complete destruction of tissue d/t lysozymes (neutorphils!) leads to pus formation.  In the brain, liquefactive necrosis occurs d/t hypoxia or ischemia (CVA).

-Fat necrosis is fat destruction d/t prematurely activated pancreatic lipase that enters the pancreatic tissue space and the perioneum as in acute pancreatitis.   Released FFA’s  combine with free Ca2+ to form soaps.

-Caseous necrosis is a distinct form of coagulative necrosis resulting from obliterated tissue architecture where fragmented, coagulated cells and amorphous granular debris accumulate w/in an inflammatory border (granuloma) created by CD4 cells and monocytes.  This condition occurs only in Tb and can affect many tissues.

-Fibrinoid necrosis  occurs 2( to an immune reaction.  In the wall of arterioles (tunica media)  plasma proteins leak out causing immune complexes to form.  Complement is then activated causing damage as in SLE, RA and collagen vascular diseases.

