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1. CELL ADAPTATION AND INJURY 
 
- Describing the characteristics of disease: 

o Aetiology à cause of disease 

o Pathogenesis à mechanism of disease 

o Pathology à molecular and morphological changes to cells and tissues 

o Clinical manifestations à signs (observer can see) and symptoms (affected individual experiences) 
o Prognosis à anticipated course of disease 

o Epidemiology à incidence, prevalence and distribution (in the context of the entire population) 

 
- Cells are usually in a steady state of homeostasis and can undergo stress/injury and react in different ways: 

o Adaptations in cells are reversible functional and structural responses to changes, where new but steady states 
are achieved, allowing the cell to continue to function to keep up with stress/increased functional demand: 

§ Physiological adaptation is the cell’s response to a normal situation, e.g. pregnancy 

§ Pathological adaptation is the cell’s response to stimulation secondary to an underlying injury/disease 

§ Types: 

• Hypertrophy à increased size of cells, which increases the size of the affected organ (NO new 

cells); due to increased synthesis of structural proteins 
o E.g. bodybuilding increases muscle fibres (physiological) or hypertension of heart muscles 

(pathological) 

• Hyperplasia à increased number of cells in dividing cells (these cells can ALSO undergo 
hypertrophy, but non-dividing cells can ONLY undergo hypertrophy) 

o E.g. breast enlargement during puberty via hormones, or liver regeneration (physiological) 

or inappropriate levels of estrogen that leads to endometriosis, viral infections or chronic 

stress like callous (pathological) 

• Atrophy à decreased number and size of cells, which decreases the size of the affected organ 
o E.g. normal during embryotic development (physiological) 
o Pathological atrophy can be caused by decreased workload (loss of movement in leg after 

breaking a bone), damage to nerves, ischemia, inadequate nutrition, loss of endocrine 

stimulation or tissue compression 

• Metaplasia à differentiated cell type being replaced by cells of another type; stem cell 

reprograming 
o Cell injury ensues when the stress/damage to a cell is too severe or prolonged, leading to loss of function and can 

be reversible or irreversible: 

§ Oxygen deprivation (hypoxia) à oxygen deficiency, which interferes with aerobic respiration of the cell 

• Can be caused by pneumonia, blood loss anaemia, CO poisoning or ischemia 

§ Physical agents à mechanical trauma, extreme temperatures/pressure, radiation, electric shock, etc. 
§ Chemical agents (drugs) à from high conc. of O2 to arsenic/cyanide to alcohol 

§ Infectious agents à viruses, tapeworms, bacteria, fungi 

§ Immunologic reactions à hypersensitivities, autoimmunity, immune imbalance 
§ Genetic defects à from Down Syndrome to genetic mutations causing e.g. protein misfolding 

§ Nutritional Imbalances à cell injury caused by both deficiency (vitamin deficiency) and excess (diabetes, 

hypertension, obesity) 
§ (Aging à progressive decline in cellular function and viability) 

§ Microscopic changes may appear before gross macroscopic changes can be seen (of the organ/tissue) 

• Most cells are transparent, so to be able to study them and their morphology, stains (H&E) must be 
used:  

o Haematoxylin (H) is basic, so it stains acidic structures in a purplish blue (DNA and RNA) 
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§ Basophilic cells are readily stained with basic dyes 

o Eosin (E) is an acidic dye and it stains basic structures in a pink colour (proteins) 
§ Eosinophilic cells are readily stained by acidic dyes 

 

- Irreversible cell injury leads to cell death (apoptosis/necrosis) 
o Reversibility depends on: 

§ Cell type, adaptability and geneticsà some cells are more prepared to deal with injury than others 

§ Cell state regarding glucose and access to ATP à some cells have greater storages of ATP than others 
§ Injury type, severity and duration 

 

- Morphological features: 

 
o Reversible cell injury: 

§ Cell swelling due to an imbalance of ions and fluids caused by ATP-dependent ion channels failing; can be 

seen with light microscope 
§ Fatty change seen by the appearance of lipid vacuoles in the cytoplasm (lipids are not stained by H&E); can 

be seen with light microscope 

§ Plasma membrane blebbing; can sometimes be determined with light microscope as lower rigidity of cell 
structure but can be seen best with ultrastructural 

§ ER and mitochondrial changes such as swelling 

§ Nuclear alterations; can sometimes be determined with light microscope as darker colours than normal, but 
seen best with ultrastructural 

 

o Irreversible cell injury: 
§ Mitochondrial function can’t be recovered 
§ When membranes lose their structural integrity 

 
- Mechanisms of cell injury: 

o Damage to mitochondria lowers the supply of ATP 

§ Formation of the mitochondrial permeability transition pore à loss of membrane potential and inability to 
produce ATP due to failure in oxidative phosphorylation (remember electron transport chain); triggers 

necrosis 

• Abnormal oxidative phosphorylation leads to accumulation of reactive oxygen species (ROS) 
§ Increased permeability of outer membrane may lead to dispersion of cytochrome c and other pro-apoptotic 

proteins (e.g. caspases) into the cytosol triggering apoptosis 
o Lower levels of ATP lead to injury because ATP is required for synthetic and degradative processes 

§ ATP-dependent ion channels (Na+/K+-ATPase) would be less efficient, unbalancing the salt content of the 

cell, leading to a net gain of solute and isosmotic gain of water à swelling; it would also lead to an 
uncontrolled influx of Ca2+ 

§ Anaerobic glycolysis would increase due to low levels of ATP producing lactic acid and increasing the pH of 

the cytoplasm à clumping of nuclear chromatin and decreased enzymatic activity 
§ Also leads to detachment of ribosomes which lowers protein synthesis and may lead to protein misfolding (in 

which case apoptosis would be triggered) 

o Influx of Ca2+ is highly regulated because it activates various enzymes, and an uncontrolled influx of calcium leads to 

cell injury 
§ Ca2+ is stored in mitochondria and ER à accumulation in mitochondria (due to e.g. ischemia or toxins) aids 

to the formation of the permeability pore which not only lowers ATP production, but also induces apoptosis 

through the release and activation (by Ca2+) of caspases 


