CELLULAR PATHOLOGY I
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Etiology = what initiates a process

Pathogenesis = what is its mechanism

Morphology = how it is recognized

Functional Consequences = how it produces disease

Homeostasis = maintenance of a stable internal environment despite environmental variations.
An example of this syllogism:  hemmorhagic interventricular septum


Etiology: 
Occluded coronary artery, ischemia of myocardium


Pathogenesis:
Free radical damage, necrosis, and weakening/rupture of septum


Morphology:
Signs of MI (gross and microscopic) and hole in septum


Func conseq: 
CV collapse and death

Normal Cell + Stress (ex: smoke)( Adaptation (ex: squamos metaplasia) + Inability to Adapt( Cell Death

                      +Injury ( Cell Injury (ex: Sepsis)( Cell Death (ex: ARDS = Diffuse alveolar damage)
Etiologies of Injury

Hypoxia / Physical –Chem.-Infectious Agents /Drugs/ Immunologic Rx/ Genetic Derangements/ Nutritonal Imbalance
Ischemia =  ↓ blood supply to an organ or tissue, may lead to ischemic hypoxia s


(ex: Lack of trophic substances, accumulation of toxic wastes)
Hypoxia = ↓ O2 supply to an organ 


(ex: Anemia, Pulmonary disease, Cyanide Poisoning)

Infarction  = death  of a portion of tissue as a result of ischemia (mx)


-Infarction is the process leading to an infarct whose pattern follows that of blood supply to the organ


(ex: myocardial infarction (ischemic hypoxia from coronary artherosclerosis w/thrombosis “clot”)


White Infarct = complete block of blood supply  (ex: spleen, kidney)


Red Infarct = partial block due to dual blood supply (ex: lung)

Biochemical Mechanisms of Cell Injury (p. 5)

-Interdependent and synergistic (amplification) mechanisms

-Irreversible damage to cell/organelle membrane = point of no return

1) Reduction in ATP (early and reversible)

-shutdown of ox phos is earliest biochemical process initiated by cellular ischemia

-↓ OxPhos (↓ATP (↓Na Pump ( Ca, H20, Na In:   K out ( ER, cellular swelling, loss of microvilli, blebbing



      (↑ Anareobic Glycolysis (↓Glycogen, ↓ pH (lactic acid) ( clumping of nuclear chromatin



      ( Other Effects(Detached ribosomes ( ↓ protein made ( lipid deposition
2/3) Increase in Intracellular Ca Leading to irreversible membrane injury
-Ca is critical for cellular homeostasis since many enzymes fxn in narrow physiologic range of Ca levels

-ischemia/toxincs can inactivate energy dependent Ca2/Mg AtPase channels

-↑Ca ( irreversible membrane damage 

          (ATPase ( ↓ ATP ┤Ca/Mg pump ( further ↑ in intracellular Ca

          ( Phospholipase ( ↓ Phospholipids = ↓ new membrane synthesis 

           ( Protease ( Disruption of membrane and cytoskeletal proteins = increased membrane breakdown

           ( Endonuclease ( Nucleus chromaffin Damage

Note: Autocatalytic release of Ca (outside Ca (( MT + ER CA ( Abnormal activation of enzymes

4) Free Radicals = have single unpaired electron in outer orbit, thus extra –ve charge

Reactive Oxygen Species (ROS) = Superoxide (O2-), Hydrogen Peroxide H2O2, Hydroxyl ion OH-


Reactive Nitrogen Species = Peroxynitrite
Sources of Free Radicals



Endogenous:  Metabolism (P450 enzymes);                     Oxidative Phosphorylation

                                                  Cytosolic Enzymes (xanthine oxidase);    Inflammatory cells (neutrophils)



Exogenous:    Oxygen Toxicity (ex: Bronchial pulmonary dysplasia ( preemies on too much o2)




           Chemicals and Drugs  (ex: Tylenol ( Liver damage




           Radiation




           Reperfusion Injury
Reperfusion Injury = results from perfusion of previously ischemic area and can add to ischemic damage

-Mx: Free radical exposure from influx of inflammatory cells and sudden Ca entry


-Ischemic but viable cells may undergo irreversible changes

Reactive Oxygen Species ( Membrane lipid peroxidation, DNA fragmentation, Protein XL and fragmentation

Free Radical Demonstrates auto-catalytic propagation


ROS + Lipids = Lipid Peroxidases + Lipids = More Lipid Peroxidases

Endogenous Anti-Oxidant Defences: If overwhelmed, get cell injury

	                    Scavenges Free Radicals
	Ascorbate (Vitamin C)

	
	a-Tocopherol (Vitamin E)

	                     Catalyzes H2O2( H20
	Gluthione Peroxidase

	
	Catalase

	                  Converts O2- to H2O2 and O2
	Superoxide Dismutase


Oxidative Stress  = imbalance btw reactive oxygen species and antioxidant defences

Pathologic States associated w/oxidative stress

Aging, Diabetes, Atherosclerosis, Alzheimer Disease, Smoking related airway disease, Cancer

Note: Toxins may predominantly act via one biochemical mechanism of injury (initiation)

 Example:  Cynaide ( Mt injury ( ↓ ATP

                  Immunologic Injury, complement( Membrane damage


      Glutamate (excitotoxic cell death) ( Ca influx


     Acetaminophen ( Reactive Oxygen Species

Cascade of Cellular Injury

Cell fx declines during reversible cell injury and cell dies as it becomes irreversible

The organism must be alive to see the ultrastructural, light microscope and gross morphologic changes of cell death

Don’t see cell death features till its too late, and if sudden death wont see it at all.

Time before Cell Injury is Irrevesible: 

Neurons (2-5 min) < Myocardium (1hr) < Hepatocytes (2 hours) <leg muscle (few hours)

Morphology of Reversible Injury

Cell swelling (loss of ATP dep Na pumps) ( Hydropic/Vaculoar Degeneration

Steatosis = Fatty changes (esp in liver and myocardium
 
↓ Protein synthesis (↓Fat metabolism thru lipoproteins (↑Fat accumulation
Ultrastructure of Reversible Injury

1) Membrane blebs and MV loss
2)Mt swelling        3)ER Dilation
4)Nuclear chromatin clumping

Ultrastructure of Irreversible Injury

1)Amorphous Densities in MT (from non-selective membrane pore formed (ca2 + po4)
2) Cell membrane gets myelin figures from blebbing

NECROSIS = morphological ∆ in nucleus and cytoplasm after cell death in a living tissue
      - Cytoplasm ∆  (Eosinophilia: pink. from RNA & ribosome loss: denatured proteins expose eosin-binding site
       -Nuclear Changes

1)Pyknosis = nucleus shrinks




2) Karyorrhexis = nucleus breaks up





3) Karyolysis = nuclear dissolution

        -Inflammation =enzymatic digestion and scavenging of dead cells



*Establishes that death occurred post mortem*

Examples of irreversible injury


Kidney infarct:  coagulative necrosis of glomeruli and tubules


Lung infarct:  hemorrhage, coagulative necrosis of alveolar walls


Leg gangrene:  coagulative necrosis of epidermis


Liver abscess: circular islands of liquefactive necrosis

	TYPE
	CAUSE
	CHARACTERIZATION/
	ARCH
	RESOLUTION

	Coagulative Necrosis
	Ischemic Cell Death 

(not in brain)
	Tombstone Form
	Retain

	Scar Formation

	Liquefactive Necrosis
	Complete hydrolysis of dead cells (brain infarct)
	
	Lost
	Cyst/Cavity Formation

	Abscess (“Pus”)
	Liquefactive necrosis from localized infection
	Neutrophil accumulation

(source of enzymes)

PUS = dead neut and cell debris
	LOST
	Surgical Drainage

(cant use Antibiotics b/c limited blood supply)

	Caseous Necrosis
	TB and fungal infection in immunocompetent ind
	“cheese like”

Granuloma = necrotic center surrounded by rim of inf. cells
	
	

	Fat Necrosis
	Release of Pancreatic Enzymes

(Lipase) digest membrane lipids( FFA
	Saponification (chalky white deposits
(FFA + Ca)
	Note: Traumatic fat necrosis in breast can mimic carcinoma


Thrombolytic Therapy has been the cornerstone of improving survival from acute MI

Possible outcomes of myocardial infarction w/irreversible damage

1) Septal Rupture (perforation btw ventricles)

2) Ventricular Aneurysm (ballooning out of ventricle wall)

3) Congestive Heart Failure (LV dysfunctional)

