Cellular Pathology I
Mitochondria deprived of oxygen will swell, eventually losing their cristae and 
precipitating minerals such as calcium.  This is irreversible.
An ischemic plasma membrane will also begin to degrade.  Desmosomes degrade, cells 
detach, and membrane forms blebs that bud off.  “Myelin figures” are vesicular 
structures that also begin to form.

During ischemia, membranes degrade and can’t repair (because mt damaged).  There is 
phospholipid degradation, loss of Ca2+ permeability barrier, and subsequent 
coagulative necrosis.  This leaves the cell’s outline intact.

In contrast, liquefactive necrosis means cells liquefy and leave no remains.
Membrane effects of ischemia:

1.  ATP depletion leads to release of sequestered Ca2+.  Intracellular Ca2+ rises, 
activating phospholipase and causing formation of lysophospholipids.  These 
insert into membrane poorly, creating leaky membrane.
2.  ATP depletion inhibits fatty acid desaturation.  Cell is unable to reacylate 
lysophospholipids, so they keep accumulating in membrane.

Extracellular Ca2+ influx is required for necrosis!!  Ca2+ influx is a huge part of necrosis.

Reperfusion Injury (oxygen re-entry causes generation of free radicals)
Ca2+ influx activates calcium-dependent proteases called calpains.  These cleave xanthine 
dehydrogenase, converting it to xanthine oxidase (XO).  XO generates free radicals 
when oxygen is reperfused.

Free radicals and oxidants such as superoxide and hydrogen peroxide cause damage when 
the body cannot protect against them.
Superoxide is generated by various processes such as auto-oxidation and by xanthine 
oxidase.  Superoxide can interconvert to free radicals.

Hydrogen peroxide is produced from superoxide by superoxide anion dismutase and by 
peroxisomes.

Free radicals damage lipids, proteins (broken/crosslinked), DNA, and RNA.

The major contributors of free radicals are xanthine oxidase (present in damaged cells) and 
inflammatory cells.  During inflammation, circulation is impaired further by 
swelling, and neutrophils add free radicals.  So inflamation worsens ischemia.

So tissues aren’t irreversibly damaged by ischemia, but by reperfusion following ischemia.  

Apoptosis
Death of individual cells without inflammation.  Has a stereotypic process of nuclear 
condensation and fragmentation.

Key differences between apoptosis and necrosis:  single vs. groups of cells, unifrom 
chromatin compaction vs. chaos, DNA breakdown within nucleosome vs. chaos, no 
inflammation vs. inflammation.
