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Regeneration, Healing, and FibrosisChapter 31 Hemodynarnic DisordersChapter 400 Acute and Chronic
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00 O O Intracellular AccumulationsUnder some circumstances cells may accumulate abnormalamounts of various
substances, which may be harmless orassociated with varying degrees of injury. The substancemay be located in the
cytoplasm, within organelles] typically lysosomes[] , or in the nucleus, and it may besynthesized by the affected
cells or may be producedelsewhere.There are three main pathways of abnormal intracellularaccumulations:A
normal substance is produced at a normal or anincreased rate, but the metabolic rate is inadequate toremove it. An
example of this type of process is fattychange in the liver.A normal or an abnormal endogenous
substanceaccumulates because of genetic or acquired defects inits folding, packaging, transport, or secretion.
Mutationsthat cause defective folding and transport may lead to accumulation of proteins [ e.g., I-antitrypsin
deficiencyl] .An abnormal exogenous substance is deposited andaccumulates because the cell has neither the
enzymaticmachinery to degrade the substance nor the ability totransport it to other sites. Accumulations of carbon
or silica particles are examples of this type of alteration.Fatty Change [ Steatosisl] . Fatty change refers to
anyabnormal accumulation of triglycerides within paren-chymal cells. It is most often seen in the liver, since this
isthe major organ involved in fat metabolism, but it may alsooccur in heart, skeletal muscle, kidney, and other
organs.Hepatic steatosis may be caused by toxins, proteinmalnutrition, diabetes mellitus, obesity, and
anoxia.Alcohol abuse and diabetes associated with obesity arethe most common causes of fatty change in the liver
[ fattyliverJ in industrialized nations.Free fatty acids from adipose tissue or ingested foodare normally
transported into hepatocytes. Excessaccumulation of triglycerides may result from defectsat any step from fatty acid
entry to lipoprotein exit,thus accounting for the occurrence of fatty liver afterdiverse hepatic insults. Hepatotoxins
(] e.g., alcohol] altermitochondrial and SER function and thus inhibit fattyacid oxidation; CCl4 and protein
malnutrition decreasethe synthesis of apoproteins; anoxia inhibits fatty acidoxidation; and starvation increases fatty
acid mobilizationfrom peripheral stores. Fatty change is reversible. In thesevere form, fatty change may precede cell
death, andmay be an early lesion in a serious liver disease callednonalcoholic steatohepatitis.In any site, fatty
accumulation appears as clear vacuoleswithin parenchymal cells. Special staining techniquesare required to
distinguish fat from intracellular water orglycogen, which can also produce clear vacuoles but havea different
significance. To identify fat microscopically,tissues must be processed for sectioning without theorganic solvents
typically used in sample preparation.Usually, frozen sections are used; the fat is then identifiedby staining with
Sudan 111 or oil red O [ these stain fatorange-red] . Glycogen may be identified by staining forpolysaccharides
using the periodic acid-Schiff stain [1 whichstains glycogen red-violet[J . If vacuoles do not stain foreither fat or
glycogen, they are presumed to be composedmostly of water.Mild fatty change in the liVer may not affect the
grossappearance. With increasing accumulation, the organenlarges and becomes progressively yellow, soft,
andgreasy. Early fatty change is seen by light microscopy assmall fat vacuoles in the cytoplasm around the nucleus.
Inlater stages, the vacuoles coalesce to create cleared spacesthat displace the nucleus to the cell periphery O Fig.
1-1200 .Occasionally contiguous cells rupture, and the enclosed fatglobules unite to produce so-called fatty cysts.
In the heart, lipid is found in the form of smalldroplets, occurring in one of two patterns. Prolongedmoderate
hypoxia [J as in profound anemialJ results in focalintracellular fat deposits, creating grossly apparent bandsof
yellowed myocardium alternating with bands of darker,red:brown, uninvolved heart [1 "tigered effect"[] .
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