Dual Effects of Isoflurane on Neuronal Proliferation/
Differentiation
A Substrate to Impaired Cognitive Function?

I

important for learning and memory formation in the adult.4 In
adult rats, selective blockade of
neurogenesis impairs long-term
retention memory.5 It is therefore
conceivable that neurogenesis may
be a target for volatile anestheticinduced neurotoxicity. Noteworthy, only a few experimental
studies with often controversial
results have tested this hypothesis.
In this issue of Anesthesiology, Zhao et al. provide illuminating data highlighting the
dose- and/or time-dependent
effects of volatile anesthetics on
neurogenesis.1 Using an immortalized human neural progenitor
cell line (ReNcell CX cells), the
authors demonstrated for the first
time a dual effect of isoflurane,
affording enhanced proliferation of neural cells at a low concentration (0.6 %), no effect at a
clinically relevant concentration
(1.2%), and decreased proliferation at a 2.4% concentration.
They were also able to show that neuronal cell damage and
glial proliferation induced by isoflurane depend both on the
concentration and duration of anesthetic exposure. Further,
they showed that the differential (neuroprotective vs. neurotoxic) effects depending on the concentration and duration
of exposure to isoflurane correlated with a differential regulation of intracellular calcium concentrations. Pretreatment
with inositol triphosphate or ryanodine receptor antagonists
mostly prevented isoflurane-mediated effects on survival,
proliferation, and differentiation. The authors also found
that preconditioning the progenitor cell cultures with a short
exposure to isoflurane markedly attenuated cell damage
induced by prolonged exposure to isoflurane. These cultures
exhibited less isoflurane-evoked changes in calcium concentrations than controls. Taken together, these results confirm
and extend the dual, dose- and time-dependent effect of isoflurane exposure on neural tissue, and suggest a pivotal role
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s it conceivable to reconcile the
view that opposite neurobehavioral effects (i.e., neurotoxic
vs. neuroprotective) of a single
anesthetic drug may be accounted
for by a differential regulation of
a common cellular signaling? The
study by Zhao et al.1 supports
this hypothesis. Impaired cognitive function after anesthesia and
surgery represents a very important, still poorly understood,
phenomenon occurring in surgical patients. Whether exposure
to anesthetics per se contributes
to impaired postoperative cognitive function remains a matter of
debate. A tremendous amount of
experimental work has shown that
volatile anesthetics exhibit potent
neuroprotective effects against
ischemic/anoxic
injury.
The
extrapolation of these findings to
the clinical setting, has remained,
however, disappointing. Since the
initial demonstration that exposure to volatile anesthetics
can induce widespread apoptosis and neuronal degeneration
in the developing brain,2 a large body of recent work has
shown the susceptibility to anesthetic-induced neurotoxicity of both the developing and aging brain in experimental
models. The mechanisms of these effects remain, however,
poorly understood. Isoflurane causes cognitive hippocampaldependent cognitive deficits in rodents, but the molecular
mechanisms of these effects are unclear. Neuronal apoptosis,
a major physiological process leading to delayed cell death, is
certainly a major mechanism responsible for the progression
of injury after a brain damage. Inhaled anesthetics have been
shown to exhibit both pro- and antiapoptotic effects that are
independent of γ-aminobutyric acid A receptor activation.3
However, less attention has been paid to the effects of volatile
anesthetics on neurogenesis, and their possible contribution
to anesthetic-induced cognitive deficits. For example, there
are some clues suggesting that hippocampal neurogenesis is
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final mechanism of a large number of metabolic pathways
in the cell. Activation of various cell-surface receptors
may cause the release of Ca2+ from endogenous stores.
The antagonists used in this study are not 100% selective
and it cannot be ruled out that other metabolic pathways
not explored in this study may contribute as well to the
reported effects on cell differentiation or proliferation. For
example, stimulation of γ-aminobutyric acid A receptors
induces Ca2+ release and might account for some of the
reported effects.12 The link between γ-aminobutyric acid
A receptor activation and neuroprotective or neurotoxic
effects has not been properly investigated in Zhao’s study.
Zhao et al. have to be commended for having shown
so nicely in their model that both concentration and
duration of administration of an inhaled anesthetic have
direct influence on the balance between neuroprotective
and neurotoxic effects on neural cells. The knowledge
gap between the present findings and impaired cognitive
function related to anesthesia remains to be explored.
However, based on these data, anesthesiologists should
keep in mind the (at least) theoretical hazards for the
immature brain of high concentrations of inhaled anesthetics delivered during prolonged periods of time.
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played by a differential regulation of intracellular calcium in
these effects.
Does this mean that we now have a unique, universal,
explanation that both reconciles the neuroprotective and
neurotoxic effects of inhaled anesthetics on the brain and
accounts for anesthetic-induced impairment in cognitive
function? Certainly not. A number of limiting factors to
the findings by Zhao et al. findings have to be highlighted.
First, the results obtained from an immortalized neuronal
progenitor cell line may not necessarily be extrapolable
to normal human neurons, given the paucity of data on
the biochemical and electrophysiological characterization
of these cells. In agreement with Zhao et al.’s findings.,
other recent studies using cultured neural stem cells found
inhibition of cell proliferation at high (1.4–3.7%) isoflurane
concentrations and no cytotoxic effect when isoflurane
was administered for 4–6 h.6,7 In contrast to the study by
Zhao et al’s, however, there was no effect on proliferation
at a low isoflurane concentration (0.7%). Stratmann et al.
found that one minimum-alveolar concentration isoflurane
for 4 h did not affect brain cell death, hippocampal
neurogenesis, or long-term cognitive outcome in aged
rats.8 Conversely, isoflurane caused progressive memory
impairment associated with loss of neural stem cells and
reduced neurogenesis in postnatal day 14, but not adult,
rats and mice.9 Therefore, the effect of isoflurane on
neurogenesis may be more relevant to the immature than
the mature brain. It is also tempting to speculate that using
isoflurane concentrations at a low concentration range
should not affect neuronal viability. Second, isoflurane is
no longer the first-choice inhaled anesthetic in the modern
era of our practice. From a clinical point of view, it would
have probably been more relevant to have examined either
sevoflurane of desflurane effects on the neurogenesis
process. Third, Zhao et al. related their findings to an
effect of isoflurane on the inositol 1,4,5-triphosphate
receptor (InsP3R) and ryanodine receptor. These receptors
are located on the endoplasmic reticulum of the cell and
are the two main receptors involved in calcium (Ca2+)
movement within the cell. Ca2+ signaling is essential for
almost every cellular activity, and disruption of intracellular
Ca2+ homeostasis can induce neuroapoptosis. In addition
to Ca2+ regulation, there is a clear role of InsP3 in brain
development. Deficiency of type 1 InsP3 in mouse, which
is widely expressed in brain and spinal tissue, is associated
with abnormal development of the central nervous system,
and dysfunction of several electrophysiologic processes
necessary for motor learning and synaptic plasticity.10
Interestingly, isoflurane reduced cell death and apoptosis
in hypoxic neurons through Ca2+- and InsP3 receptordependent mechanisms.11 Although the effect of isoflurane
on Ca2+ release has been clearly demonstrated in this study, it
is not possible to make a causal link between Ca2+ regulation
and isoflurane-mediated effects on survival, proliferation,
and differentiation of neural stem cells. Ca2+ release is the
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