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BIG PICTURE 
Cellular injury 
· Reversible injury 
· Adaptation 
· Irreversible injury + cell death 
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CAUSES OF CELLULAR INJURY
Hypoxia
Most common cause of injury 

Definition 
· Lack of oxygen [image: image1.png]


inability to synthesize ATP by anaerobic oxidation 

Loss of ATP 
· Failure of sodium-potassium pump 
· Increased glycolysis 
· Failure to produce proteins 

Major causes 
· Ischemia 
· Cardiopulmonary failure 
· Decreased oxygen carrying capacity 
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CAUSES OF CELLULAR INJURY CON’T
Infections 
· Bacteria, viruses, fungi 
Immunologic reactions 
· Hypersensitivity reactions 
· Autoimmune diseases 
Congenital disorders 
· Inborn errors of metabolism 
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CAUSES OF CELLULAR INJURY CON’T
Chemical injury 
· Drugs 
· Poisons 
· Occupational exposure 
· Lifestyle choices 
Physical forms of injury 
· Trauma 
· Burns 
· Radiation 
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CAUSES OF CELLULAR INJURY CON’T
Nutritional or vitamin imbalance 
· Inadequate calorie/ protein intake 
· Kwashiorkor- selective protein deficiency 
· Marasmus- total calorie deficiency
· Vitamin deficiency 
· Vit D [image: image2.png]


rickets + osteomalacia 
· Vit K [image: image3.png]


coagulopathy 
· Vit B12 [image: image4.png]


megaloblastic anemia 
· Folate [image: image5.png]


megaloblastic anemia + neural tube defects 
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CELLULAR CHANGES DURING INJURY
General 
· Adaptation 
· Reversible injury 
· Irreversible injury + cell death 
Cellular response dependent on 
· Type 
· Duration 
· Severity 
· Type of cell 
· Metabolic state 


137555 >>> 0:06:25 

SLIDE 7 of 29 
CELLULAR CHANGES DURING INJURY CON’T
Critical intracellular susceptible systems 
· DNA 
· Production of ATP 
· Cell membranes 
· Protein synthesis 
Mechanisms of cell injury 
· Oxygen-derived free radicals 
· Superoxide, hydroxyl + hydrogen peroxide 
· ATP depletion 
· Increased cell membrane permeability 
· Influx of calcium 
· Mitochondrial dysfunction 


137560 >>> 0:08:26 

SLIDE 8 of 29 
REVERSIBLE AND IRREVERSIBLE CELL INJURY
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IRREVERSIBLE CELL INJURY
Severe membrane damage 
· Myocardial injury [image: image7.png]


troponin , CK-MB + LDH 
· Hepatitis [image: image8.png]


transaminases 
· Pancreatitis [image: image9.png]


amylase + lipase 
· Biliary Tract obstruction [image: image10.png]


alkaline phosphatase 
Marked mitochondrial dysfunction 
· Swelling 
· Densities in matrix 
· MPT 
· Inability to produce ATP 
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IRREVERSIBLE CELL INJURY CON’T
Rupture of lysosomes 
· Autolysis 
Nuclear changes 
· Pyknosis 
· Karyorrhexis 
· Karyolysis 
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CELL DEATH
Morphologic types of necrosis 
Coagulative necrosis

· Most common 

· Denaturing + coagulation of proteins 

· * Slide image of heart (cross section) 

· Pale, yellow infarction 
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Cell Death
Coagulative necrosis 
* Slide image of heart (micro) 
  Lack of nuclei
Liquefaction necrosis 
  Destruction by hydrolytic enzymes 
Brain, pancreas +abscess 
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MORPHOLOGIC TYPES OF NECROSIS CON’T
Caseous necrosis 
· Coagulative + liquefaction necrosis 
· Gross- “cottage- cheese-like” 
· Giant cells 
· Epitheliod cells 
· Lymphocytes 
· TB 
Fat necrosis 
· Action of lipases on fatty tissues 
· Breast, abdomen + pancreas 
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MORPHOLOGIC TYPES OF NECROSIS CON’T
Fibrinoid necrosis 
* Slide image of kidney 
  Glomerulus- afferent arteriole- pink- fibrinoid necrosis 
  Arteridities 
  Dead tissue 
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MORPHOLOGIC TYPES OF NECROSIS CON'T
Gangrenous necrosis 
· Dead tissue 
· Dry gangrene - black toes - coagulative necrosis 
Wet gangrene - yellow areas - liquefactive necrosis 
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APOPTOSIS
Definition 
· Programmed cell death 
· Active process 
Morphologic appearance 
· Cell shrinks 
· Nuclear chromatin condenses 
· Cytoplasmic blebs 
· Apoptotic bodies 
· Phagocytosis 
· Lack of inflammatory response 
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APOPTOSIS CON’T
Stimulus for apoptosis 
· Cell injury + damage 
· Lack of hormones, cytokines + growth factors 
· Receptor- ligand signals 
· Fas ligand 
· TNF 
Apoptosis is regulated by genes 
· bcl-2 
· Inhibits apoptosis 
· Prevents release of cytochrome c 
· Binds Apaf-1 
· p-53 
· Stimulates apoptosis 
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APOPTOSIS CON’T
Physiologic examples of apoptosis 
· Embryogenesis 
· Hormone dependent 
· Thymus 
Pathological examples 
· Viral diseases – hepatitis (Councilman body) 
· Graft vs. host 
· Cystic fibrosis 
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ADAPTATION
General 
· Result of persistent injury 
· Potentially irreversible 
· May [image: image20.png]


neoplasia 
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ADAPTATION CON’T
Atrophy
Definition 
· Decrease cell size 
Causes 
· Decreased workload 
· Ischemia 
· Lack of hormonal or neural stimulation 
· Malnutrition 
· Aging 
Micro 
· Small shrunken cells 
EM 
· Decreased intracellular components + autophagosomes 
· Atrophic kidney due to arterial occlusion 
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HYPERTROPHY
Definition 
· Increase in cell size + function 
Causes 
· Increased demand 
· Physiologic 
· Pathologic 
· Left ventricular concentric hypertrophy- hypertension 
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HYPERPLASIA
Definition 
· Increase # of cells 
Physiologic causes 
· Compensatory 
Pathologic causes 
· Endometrial hyperplasia 
· Prostatic hyperplasia of aging 
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METAPLASIA
Definition 
· Change of cell type to another 
· Example 
· Bronchial epithelium - columnar epithelium [image: image25.png]


squamous metaplasia 
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DYSPLASIA
Definition 
· Abnormal proliferation of cells 
· Increased N:C ratio 
· Loss of polarity 
Example 
· Cervical dysplasia [image: image26.png]


cancer 
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OTHER CELLULAR ALTERATIONS DURING INJURY
Intracellular accumulations 
· Lipids 
· Proteins 
· Glycogen storage diseases 
· Endogenous pigments 
· Lipofuscin-image Melanin 
· Hemosiderin 
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OTHER CELLULAR ALTERATIONS DURING INJURY CON’T
Hyaline changes 
· Definition 
· Pink homogenous appearance
· Intracellular hyaline 
· Multiple myeloma 
· Russell bodies
· Extracellular hyaline 
· Absence of lining cells 
· Pink hyaline membranes- Hyaline membrane disease of newborn 
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PATHOLOGIC FORMS OF CALCIFICATION
Dystrophic calcification vs. Metastatic calcification
Dystrophic calcifications 
· Calcification in dying /necrotic tissue 
Metastatic Calcifications 
· Calcification in hypercalcemia 
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PATHOLOGIC FORMS OF CALCIFICATION CON’T
Dystrophic calcification 
· Examples 
· Fat necrosis 
· Tumors- Psammoma bodies 
· Atherosclerotic plaques- image 


[image: image34.jpg]Qclick to enlarge







137655 >>> 0:38:02 

SLIDE 29 of 29 
PATHOLOGIC FORMS OF CALCIFICATION CON’T
Metastatic calcification 
· Definition 
· Hypercalcemia
· Examples 
· Hyperparathyroidism 
· Parathyroid adenomas 
· Renal failure 
· Vit D intox 
· Milk-alkali syndrome 
· Metastatic cancer to bone 




