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Anesthesiology and Apoptosis

Bong-Ki Moon, M.D.

Departments of Anesthesioloy, College of Medicine, Ajou University, Suwon, Korea

Necrosis is, in general, an unnatural cell death that rapidly occurs in response to severe insults such
as poisons, anoxia, infections and trauma. Apoptosis or programmed cell death, unlike necrosis, is a
physiological cell death that causes cell deletion without inflammation, release of cellular contents. In
apoptosis, individual cells separate from their neighbors and begin a characteristic sequence of structural
and biological changes. These changes include cell shrinkage, condensation of chromatin, DNA degra-
dation, activation of caspase cascade. Finally, the cell itself fragments to form apoptotic bodies that
engulfed by nearby phagocytes. Apoptosis is distinguished from necrosis in that gene activation is a
prominent mechanism regulating cell survival. It is an essential physiological process that plays a critical
role in development and tissue homeostasis and cell population control. However, apoptosis plays an
important role in the pathogenesis of a number of disease. In the anesthesiology, apoptosis may con-
tribute to major organ damage associated with ischemic/reperfusion injury, it has long been considered
to represent necrosis. Apoptosis remains the important clinical consequence of ischemic/reperfusion
injury. Free radicals, tumor necrosis factor-a (TNF-alpha), protein kinase ¢ (PKC), caspases, P53, bcl-2
family and calcium have been suggested and frequently cited as important mediators for apoptosis.

In this review, I will describe the known mediators and mechanism underlying apoptosis in major
organ exposed to ischemic/reperfusion injury, because the usefulness and effectiveness of any therapeutic
interventions for cell deaths after ischemic/reperfusion injury depends on a clear understanding of
mechanism of apoptosis. (Korean J Anesthesiol 2002; 42: 563~ 574)
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Fig. 1. Regulation of the mitochondrial permeability tran-
sition pore (PT). (A) Bcl-2-bax or bcl-xl-bax hetero-
dimers maintain the PT in a closed state, preventing
mitochondrial release of cytochrome c. Under conditions
that lead to an increase in bax relative to bcl-2 or
bcl-xl, bax homodimers are formed (B). The bax ho-
modimer alters the conformation of the PT allowing
mitochondrial release of cytochrome c. Cytochrome c then
forms a trimeric complex with apaf-1 and procapase-9.
This complex cleaves procaspase-9 proroducing caspase-
9 in the initial step of the mitochondrial-mediated cas-
pase cascade.
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Table 2. Genes Transactivated by p53

Gene Mechanism of action

Bax Promotes mitochondrial permeability tran-
sition; promotes apoptosis

IGF-BP-3  Inhibits cellular mitogenic response; pro-
motes apoptosis

p21VAFUCP Binds to cyclin-cdk complexes; inhibits
cell cycle progression

GADD45  Binds to PCNA; inhibits cell cycle prog
ression; facilitates DNA repair

mdm2 Facilitates proteolytic degradation of p53;

inhibits p53 transcriptional activity; facili-
tates p53 transport from nucleus to cyto-
plasm
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Fig. 2. Mechanisms of apoptosis.
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Fig. 3. Scheme showing the role of ATP in necrapoptosis
mediated by the mitochondrial permeability transition.
Death signals, toxic stresses, increased mitochondrial Ca2+,
and ROS formation all promote onset of the MPT. When
the MPT occurs abruptly activation of mitochondrial
ATPases causes ATP depletion, which leads to plasma
membrane rupture and necrotic cell death. If the ratio-
chondrial ATPase is inhibited with oligomycin and a
glycolytic substrate is available, or if the MPT progresses
relatively slowly through the population of a single cell,
then ATP levels remain relatively preserved even after
onset of the MPT. Under such conditions, cytochrome c
release activates a cascade of caspases, endonucleases, and
other degradative enzymes causing apoptotic rather than
necrotic cell death. At any time ATP depletion can
supervene to cause secondary necrosis. Both apoptosis and
necrosis are prevented by cyclosporin A. the term, necra-
poptosis, describes such death processes that begin with
common death inducers, progress by shared pathways, and
culminate in either cell lysis (necrotic cell death) or
programmed cellular resorption (apoptosis) depending on
other factors, such as ATP.
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Fig. 4. Mitochondria as targets for oxidative stress signaling after cerebral ischemia. Cerebral ischemia and reperfu-
sion generated reactive oxygen species (ROS) within the mitochondria, which then signal the release of cytochrome
¢ by mechanisms that may be related to Bcl-2 and translocation of Bax. Cytochrome c, once released, binds to
Apaf-1 followed by caspase-9 to form a complex that subsequently activates caspase-3 and other caspases, such
as-2, -6, -8 and -10. Activated caspase-3 is known to cleave to many nuclear DNA repair enzymes, which then
leads to nuclear DNA damage without repair, resulting in apoptosis. the activation of the N-methyl-p-aspartate
(NMDA) receptor and formation of O, and nitric oxide (NO) by neuronal nitric oxide (nNOS) may directly
signal the mitochondrial release of cytochrome c¢ or formation of peroxynitrite (ONOO-), and subsequent hydroxyl
radical production can directly damage lipids, proteins, and DNA and lead to cell death, most likely necrosis. A
more severe cerebral ischemia causes direct mitochondrial swelling and damage, which then causes the inhibition
of adenosine triphosphate synthesis and increased ROS production, directly causing necrotic cell death. NO: nitric

oxide radical.
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