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Abstract

The monitoring of reactive oxygen species (ROS) levels in injured nervous tissue is critical for both studying the mechanism of
secondary damage and evaluating the effectiveness of antioxidants. Flow cytometry is an excellent method to detect ROS in cultured
cells and naturally suspended individual cells. However, its use in nervous tissue is limited due to the difficulties in obtaining single
cells in suspension. We have developed a new method which minimizes the error during conventional dissociation. Specifically, we
introduced a fixation step (with formaldehyde) between the dye loading and dissociation. As a result, the post-injury ROS signals
detected by flow cytometry increase significantly when using hydroethidine as superoxide indicator. The injury-induced elevation of
ROS obtained from this new method was also in better agreement with the two other standard ROS detection methods, fluorescence
microscopy and lipid peroxidation assay. Furthermore, more pronounced decrease of ROS was found in this improved method in
response to treatment with a superoxide scavenger, manganese(IIl)tetrakis(4-benzoic acid)porphyrin. Based on these observations,
we suggest that the data obtained from the cells by this new method are more accurate than those from the classic cell dissociation

method that dissociates cells directly from fresh tissues. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Increasing evidence suggests that reactive oxygen
species (ROS) are important mediators of secondary
injury in CNS trauma (Hall, 1989; Coyle and Putt-
farcken, 1993). It is well established that ROS increase
significantly following CNS mechanical trauma in live
animals (Hall, 1989). The inhibition of ROS has been
shown to provide behavioral and functional recovery
following various types of injuries (Hall, 1995). There-
fore, it is important to develop reliable, accurate assays
to monitor ROS levels in different compartments of the
tissue for both studying the mechanism of injury and
evaluating the effectiveness of antioxidants. Currently,
there are many methods available to evaluate ROS,
including lipid peroxidation (LPO) assay, electron spin
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resonance (ESR), and image analysis-based fluorescence
microscopy using ROS-specific fluorescent dyes.

In recent years, flow cytometry has emerged as an
effective rapid method to specifically detect intracellular
ROS. The major advantage of flow cytometry is that,
unlike other available methods, intracellular ROS levels
can be evaluated on a cell-by-cell basis in the absence of
tissue background. Despite the frequent use of such
method in detecting ROS in neutrophils, lymphocytes or
cultured cells (Robinson, 1993; Carter et al., 1994), its
ability to detect ROS in nervous tissue is limited. The
main reason is that in order to utilize flow cytometer,
the neurons in CNS tissue must be dissociated into
single cells in suspension. This dissociation process,
unfortunately, can introduce error by eliminating fragile
cells which usually have higher level of ROS or causing
ROS production. The purpose of this study is to
introduce a new procedure to reduce the error accrued
during the dissociation process and facilitating the use
of flow cytometry in research involving nervous tissue.
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