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Real-Time Detection of Reactive Oxygen Intermediates From Single Microglial Cells
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A growing body of evidence indicates that activation of H,O, (such as nitric oxide and 0, H,O, was probably the
microglia (macrophages resident in brain) aggravates the inmajor component of the concentration gradient, considering
flammatory process and thus can contribute significantly to thets longer half-life time and the composition of the media
progression of various neurodegenerative diseases (1). As wit{1<100 uM L-arginine).
other tissue-specific macrophages, microglia are thought to pyrified microglia were isolated from rat brains, as described
exert some of their cytotoxic effects through the production ofe|sewhere (8), and were plated into 35-mm diameter culture dishes
reactive-oxygen-intermediates (ROI). For examgeamyloid, 4t 5 density of 3000 cells/ml to allow a distribution of single cells
an abundant component of amyloid ("senile”) plagues, wasne cell where no other cells can be detected within a range of
shown to induce the production of ROI by cultured microglia ~200 pm).

\t';”th'r.] 1—2I_n|1|n EIZ) Any _d?mdage cgusizd to smroundm_gi tclissuc;z Figure 1A demonstrates the experimental protocol that we used
y microghial cetis Is mainly dependent upon the magnitude oty -y 0 0 HO, production in a single microglial cell. In the

the gradient of ROI that is generated on the surface of the cell’'s resence of culture medium onlv. no sianifica offlux was
membrane. Therefore, quantification at a high spatial and tem? Y, g w

poral resolution of ROI distribution in the microenvironment of detected in the close vicinity of the cell (Fig. 1A, trace (a), 5, 15

an activated microglial cell is important for the assessment oi“m)' However, 10 min after adding PMA (fln'al concentration of
neurotoxicity. 130 rM), a measurement from the same location detected,&3 H

The enzyme responsible for the generation of ROI in an oxida£fflux of 0.46 pmol/crfls. The magnitude of the J®, efflux was
tive burst in microglial cells is NADPH oxidase, which transfers an inversely related to the distance from cell surface (traces (c-g) in
electron from a single cytoplasmic NADPH molecule to an oxygenFid. 1A) and was nearly zero when the microprobe was moved 40
molecule, producing superoxide anion;(DO; and its dismuta- ~ #m from the cell surface (trace (g) in Fig. 1A). Similar results to
tion product, hydrogen peroxide {B.), diffuse away from the those shown in Figure 1 were obtained in 80% of the isolated
microglial cells and have the potential to oxidize cellular compo-microglial cells (12 out of 15) when PMA was added to the
nents in neighboring cells, including proteins, lipids, and DNA (3). solution; in the remaining 20% noJ@, was detected. The range
However, HO, is a much more stable product thar, Gind  of peak flux was 0.22 pmol/cffs (SD = 0.17) and the average
therefore can be used as a reliable indicator for detection of athreshold detection distance was 22w (SD + 4.2) (h = 12).
oxidative burst. The average latency for response was 4.3 min and in all the

The self-referencing technique has the capacity to detect, withesponding cells the time period of detectable gradient exceeded
high spatial and temporal resolution, concentration gradients 080 min.
specific molecules surrounding single cells (4, 5). In the current Tq ensure that the signal detected by the probe originated from
investigation, we used an,8,-sensitive microprobe as a sensor of {he production of ROI, catalase, an enzyme that hydrolyz&s,H
ROI production by microglia cells. To test the feasibility of the ;1< added to the bath. Catalase significantly attenuated jBg H

self-referencing technique for the detection of ROI from single o,y regardiess of the distance from the cell surface (Fig. 1A:
microglial cells, we activated the NADPH oxidase machinery with compare (h) with (i) and Fig. 1B: compare closed with open

phorbol-12-myristate-13-acetate (PMA), a potent activator of thisCir cles)
enzyme (6)' . . The present study demonstrates that a self-referencing mi-
H,0, microsensors were prepared as described previously forr nsor can detect.B. chan in the nano-molar ran
oxygen sensors, but with slight modification (7). Briefly, 25 crosensor can detec 272 cha _ges . € nhano-mofar range
diameter platinum (Pt) wires were immersed in an aqueou@ear the surface of a single microglial cell. Though numerous
solution of 4M KCN and 1M NaOH and then etched down to 2SSays are available to measure an oxidative burst within mac-
~2 um diameter by the application of square waves (amplitude,mphages' the self-referencing technique is unique in providing
4.0 V; period, 4 ms). The etched Pt wires were inserted intothe ability to measure the microenvironment around a single
pulled glass capillaries, insulated with optical adhesive, and°ell or cluster of cells in real-time and with high spatial and
then coated with 10% cellulose acetate. The total tip diameter ofemporal resolution. Because microglial cells can enhance neu-
the sensor was about 8m. For all measurements, the sensor rotoxicity of the surrounding tissue, this assay may be useful for
was polarized at+0.60 V against a Ag/AgCI reference elec- quantifying the potential contribution of endogenous micro-
trode; its sensitivity was 0.8% 0.12 pAjuM (mean= SD,n = glial-induced activators in neurodegenerative diseases.
4). Although the sensor can potentially detect other ROI beside We thank Paul Malchow, Jeffery Laskin, and Solomon Graf
for critical reading of the manuscript. This study was supported
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Figure 1. Self-referencing KO, measurement of a single microglial
cell. (A) The difference in current values detected by the microelectrode
when self-referencing at different distances from the cell surface. In all
traces, the excursion (distance of the probe in the self-referencing format)
was 10um, and the number on the top of each trace represents the two
positions of the microsensor pm. Note that addition of PMA (upper solid
horizontal line) induced a significant elevation in,®, efflux [(a) vs.
(c—g)] and that in the presence of catalase (0.19 mg/ml) th@Hefflux
was abolished [(iys. (h)]. Trace (b) is a “background” measure taken 60
wm away from the cell. (B) The relationships betwee®@}efflux and the
average distance from a membrane surface in the presence of PMA; data
from the same cell shown in (A). Note that application of catalase abolishes
the H,0, efflux.
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