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CHAPTER 2

Cellular Responses to Stress and Toxic Insults: Adaptation, Injury, and Death
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Figure 2-9 Morphologic changes in reversible cell injury and necrosis. A, Normal kidney tubules with viable epithelial cells. B, Early (reversible) ischemic injury
showing surface blebs, increased eosinophilia of cytoplasm, and swelling of occasional cells. C, Necrosis (irreversible injury) of epithelial cells, with loss of
nuclei, fragmentation of cells, and leakage of contents. The ultrastructural features of these stages of cell injury are shown in Fig. 2-10. (Courtesy Drs. Neal
Pinckard and M. A. Venkatachalam, University of Texas Health Sciences Center, San Antonio, Texas.)

MORPHOLOGY
Necrotic cells show increased eosinophilia in hematoxylin
and eosin (H & E) stains, attributable in part to the loss of cytoplasmic RNA (which binds the blue dye, hematoxylin) and in
part to denatured cytoplasmic proteins (which bind the red dye,
eosin). The necrotic cell may have a more glassy homogeneous
appearance than do normal cells, mainly as a result of the loss
of glycogen particles (Fig. 2-9C). When enzymes have digested
the cytoplasmic organelles, the cytoplasm becomes vacuolated
and appears moth-eaten. Dead cells may be replaced by large,
whorled phospholipid masses called myelin figures that are
derived from damaged cell membranes. These phospholipid
precipitates are then either phagocytosed by other cells or
further degraded into fatty acids; calcification of such fatty
acid residues results in the generation of calcium soaps. Thus,
the dead cells may ultimately become calcified. By electron

microscopy, necrotic cells are characterized by discontinuities
in plasma and organelle membranes, marked dilation of mitochondria with the appearance of large amorphous densities,
intracytoplasmic myelin figures, amorphous debris, and aggregates of fluffy material probably representing denatured protein
(Fig. 2-10C).
Nuclear changes appear in one of three patterns, all due to
nonspecific breakdown of DNA (Fig. 2-9C). The basophilia of
the chromatin may fade (karyolysis), a change that presumably reflects loss of DNA because of enzymatic degradation by
endonucleases. A second pattern (which is also seen in apoptotic cell death) is pyknosis, characterized by nuclear shrinkage
and increased basophilia. Here the chromatin condenses into
a solid, shrunken basophilic mass. In the third pattern, known
as karyorrhexis, the pyknotic nucleus undergoes fragmentation. With the passage of time (a day or two), the nucleus in the
necrotic cell totally disappears.
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Figure 2-10 Ultrastructural features of reversible and irreversible cell injury (necrosis) in a rabbit kidney. A, Electron micrograph of a normal epithelial cell of the
proximal kidney tubule. Note abundant microvilli (mv) lining the luminal surface (L). B, Epithelial cell of the proximal tubule showing early cell injury resulting from
reperfusion following ischemia. The microvilli are lost and have been incorporated in apical cytoplasm; blebs have formed and are extruded in the lumen.
Mitochondria would have been swollen during ischemia; with reperfusion, they rapidly undergo condensation and become electron-dense. C, Proximal tubular
cell showing late injury, expected to be irreversible. Note the markedly swollen mitochondria containing electron-dense deposits, expected to contain precipitated
calcium and proteins. Higher magnification micrographs of the cell would show disrupted plasma membrane and swelling and fragmentation of organelles.
(A, Courtesy Dr. Brigitte Kaisslin, Institute of Anatomy, University of Zurich, Switzerland. B, C, Courtesy Dr. M. A. Venkatachalam, University of Texas Health
Sciences Center, San Antonio, Texas.)
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