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Recent studies indicate that reactive oxygen species (ROS)
can act as modulators of neuronal activity, and are critically
involved in persistent pain primarily through spinal mecha-
nisms. In this study, we investigated the effects of NaOCl, a ROS
donor, on neuronal excitability and the intracellular calcium
concentration ([Ca2+]i) in spinal substantia gelatinosa (SG)
neurons. In current clamp conditions, the application of NaOCl
caused a membrane depolarization, which was inhibited by
pretreatment with phenyl-N-tert-buthylnitrone (PBN), a ROS
scavenger. The NaOCl-induced depolarization was not bloc-
ked however by pretreatment with dithiothreitol, a sulthydryl-
reducing agent. Confocal scanning laser microscopy was used
to confirm whether NaOCI increases the intracellular ROS
level. ROS-induced fluorescence intensity was found to be
increased during perfusion of NaOCl after the loading of
2',7'-dichlorofluorescin diacetate (H,DCF-DA). NaOCl-indu-
ced depolarization was not blocked by pretreatment with
external Ca™" free solution or by the addition of nifedifine.
However, when slices were pretreated with the Ca™" ATPase
inhibitor thapsigargin, NaOCl failed to induce membrane
depolarization. In a calcium imaging technique using the
Ca™*-sensitive fluorescence dye fura-2, the [Caz+]i was found
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to be increased by NaOCI. These results indicate that NaOCl
activates the excitability of SG neurons via the modulation
of the intracellular calcium concentration, and suggest that
ROS induces nociception through a central sensitization.
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Fig. 1. Effects of NaOCI on membrane potential of spinal substantia gelatinosa (SG) neurons in patch clamp recording. (A) NaOCl
(10 uM) applied for 5 min caused a reversible membrane depolarization and firing activity (upper). A high concentration of NaOCI
(50 uM) induced a transient hyperpolarization followed by a long-lasting depolarization (lower). (B) Graph shows the NaOCl-induced
membrane potential changes. *: Values are statistical significance by one-way ANOVA (p<0.05). Means + SEM.
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Fig. 2. Effects of PBN and dithiothreitol on NaOCl-induced membrane potential changes in SG neurons. (Aa) When cells were
pretreated with 2 mM of extracellualr PBN, a ROS scavenger, NaOCl failed to induce membrane depolarization. The NaOCl-induced
depolarization was not blocked by pretreatment with dithiothreitol (DTT; 2 mM), a sulfhydryl-reducing agent (b). (B) NaOCl-induced
membrane potential changes under control condition and pretreatment of drugs. *: Values are significantly different from the control
by independent t-test (p<0.05). Means + SEM.
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Fig. 3. Measurement of ROS using confocal microscopy in SG neurons. (A) Spinal cord slices were stained with H2DCF-DA (10
pM) for 15 min, and fluorescence images of the slices were obtained by laser confocal microscopy. Addition of NaOCI (10 uM)
increased fluorescence intensity. (B) NaOCl-induced fluorescence intensity were monitored by time-series analysis.
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Fig. 4. Effects of Ca’" store depletion and a removal of ext-
racelluar Ca”" on NaOCl-induced membrane potential changes.
(Aa) NaOCl-induced depolarization was not blocked by pret-
reatment with Ca’" free solution. When slices were pretreated
with Ca®" ATPase inhibitor thapsigargin, NaOCI failed to in-
duce membrane depolarization (b). Nifedipine, volatage-de-
pendent Ca>" channel blocker, did not block NaOCl-induced
membrane depolarization (c). (B) Mean NaOCl-induced mem-
brane depolarization in control and in neurons pretreated with
Ca”" free solution, thapsigargin and nifedipine. *: Values are
significantly different from the control by independent #-test
(p<0.05). Means = SEM.
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Fig. 5. [Ca™]; responses by NaOCI in acutely dissociated SG
neurons. (A) Increase of [Ca” i by NaOCl 100 uM, as measured
by fluorescent Fura-2 imaging. magnification, X400. (B) [Ca®"};
responses by NaOCI 10, 50, 100 uM. Changes in intracellular
Ca’" concentration were monitored by ratio metric fluorescence
imaging. (C) Mean NaOCl-induced peak [Ca’']; responses in
control and in neurons pretreated with PBN. *: Values are
significantly different from the control by independent t-test
(p<0.05). **: p<0.01. Means + SEM.
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