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Abstract

Background: The neurotoic effects of general anesthetics may adversely affect the developing brain of
young animals. Given that levels of reactive oxygen species (ROS) increase in injured mitochondria, the

induction of neurotoxicity is likely mediated by

idative stress. To evaluate this possibility, we conducted

metabolomic analyses to identify the metabolites involved in anesthetic-induced neurotoxicity by exposing a

well-characterized rat adrenal pheochromocytoma cell line (PC12) to isoflurane.

Methods: PC12 cells were incubated at 37°C in media with serum and then incubated with or without

isoflurane for 4 h. After centrifugation, the cells were lysed in 50 pL of water for metabolomics analy
using capillary electrophoresis-mass spectrometry. Metabolite levels were quantitated according to 71/

ratios and migration times relative to standards.

is

Results: Only cells exposed to isoflurane underwent apoptosis. We detected 102 metabolites and identified
91 in isoflurane-exposed cells and control cells. Exposure to isoflurane decreased the levels of reduced

glutathione and increased those of oxidized glutathione, indicating that isoflurane accelerated oxidative

stress.

Conclusions: These results suggest that oxidative stress mediates isoflurane-induced apoptosis of PC12

cells.
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Introduction
Evidence accumulated over the past 25 years informs studies
of animals that link anesthetics with neurotoxicity. For example,
Jevtovic-Todorovic et al., (2003) found that isoflurane adminis-
tered to rat neonates on postnatal day 7 induces widespread ap-
optotic neurodegeneration in the developing brain and impaired
memory and learning after maturation [1]. Subsequent studies
using rodents or monkeys showed that general anesthesia af-
fects the developing brain [2-14]. The question of whether an-
esthetics induce neurotoxicity in humans has remained contro-
versial, and no conclusive answer has yet been obtained [15,16].
Two studies have implicated mitochondria as mediators
of anesthetic-induced neurotoxicity in the developing rat
brain [17,18]. Injured mitochondria may generate significant
quantities of reactive oxygen species (ROS), suggesting that

oxidative stress contributes to the induction of neurotoxicity.
The authors of these studies suggested that anesthetics induce
oxidative stress by impairing mitochondrial function. However,
no comprehensive analysis of anesthetic-induce pathological
changes in neural cells has yet appeared.

To address these questions, we conducted a metabolomic
analysis to evaluate the effects of an anesthetic on a well-
characterized cell line with distinct morphological properties
(PC12). We assumed that the identification and quantitation
of metabolites produced by PC12 exposed to isoflurane would
provide insights into the mechanism of neurotoxicity induced
by anesthetics. To our knowledge, this is the first metabolomic
analysis of the effect of an anesthetic on a well-characterized
animal adrenal pheochromocytoma cell line that serves as a
model for neuroendocrine systems.





