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Reactive oxygen species (ROS) and nitrogen species (RNS)
are involved in cellular signaling processes as a cause of
oxidative stress. According to recent studies, ROS and RNS are
important signaling molecules involved in pain transmission
through spinal mechanisms. In this study, a patch clamp
recording was used in spinal slices of rats to investigate the
action mechanisms of O, " and NO on the excitability of
substantia gelatinosa (SG) neuron. The application of xanthine
and xanthine oxidase (X/XO) compound, a ROS donor,
induced inward currents and increased the frequency of
spontaneous excitatory postsynaptic currents (SEPSC) in slice
preparation. The application of S-nitroso-N-acetyl-DL-
penicillamine (SNAP), a RNS donor, also induced inward
currents and increased the frequency of SEPSC. In a single cell
preparation, X/XO and SNAP had no effect on the inward
currents, revealing the involvement of presynaptic action.
X/XO and SNAP induced a membrane depolarization in
current clamp conditions which was significantly decreased by
the addition of thapsigargin to an external calcium free solution
for blocking synaptic transmission. Furthermore, X/XO and
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SNAP increased the frequency of action potentials evoked by
depolarizing current pulses, suggesting the involvement of
postsynaptic action. According to these results, it was
estblished that elevated ROS and RNS in the spinal cord can
sensitize the dorsal horn neurons via pre- and postsynaptic
mechanisms. Therefore, ROS and RNS play similar roles in the
regulation of the membrane excitability of SG neurons.
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Fig. 1. Effects of X/XO on excitatory synaptic transmission.
(A) A continuous chart recording of glutamatergic SEPSCs in a
SG neuron show that X/XO (5 min) increased the frequency of
SEPSCs. The lower traces show SEPSCs at an expanded time scale
before and during the application of X/XO. (B) Normalized
cumulative distribution analysis of sEPSCs amplitude and
frequency showed that X/XO caused a significant shift toward
higher frequency (left). (C) Average SEPSCs frequency (left) and
amplitude (right). **: Values are significantly different from the
control by paired t-test (p<0.01). Means+SEM.
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Fig. 2. Effects of SNAP on excitatory synaptic transmission.
(A) A continuous chart recording of glutamatergic sSEPSCs in a
SG neuron show that SNAP (5 min) increased the frequency of
SEPSCs. The lower traces show SEPSCs at an expanded time scale
before and during the application of SNAP. (B) Normalized
cumulative distribution analysis of sEPSCs amplitude and
frequency showed that SNAP caused a significant shift toward
higher frequency (left). (C) Average SEPSCs frequency (left) and
amplitude (right). *: Values are significantly different from the
control by paired t-test (p<0.05). Means+SEM.

GAMER F2F AET} ok= °ﬂ A WhSEl=A] BHols)
71§38k 24 /ﬂ A B2 glutamates F13F30
= o 71538 BE Az ]*1 U Awrt gR1E gl
(18.242.5 pA, n=5), capsaicin ] 2]l 2J3|A= 47112 AL
oA EF AFIF 7155 A Skth(Fig. 3).
AFugiies wbdste] Wsts 7]SahdA] AlA
i}.ﬂ.o] i;ﬂré J—r,]_ilg—].Oﬂq_ X%/x]— ,q]ﬁg _g_oﬂoﬂ}\i X/XO
Folo ot RIS 7535kl MRS FNoM Cat'E
AAs T AEE ZEE2E AT 5= s cd' s H7)
A7 oA X/xOoel| Fofel 2% EELE—E,LJ} H w5k
= W e WSS WolA kgkth (7.3+0.5 mV, n=14
vs. 5.2+1.0 mV, n=6) (Fig. 4A, D). A|¥EW Ca®"2 H¥4)
Zr 41742291 U3 2 M (endoplasmic reticulum; ER)C.=

Capsaicin
D
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inward currents. (D) Capsaicin did not induce inward currents.
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Fig. 4. Blockade of synaptic transmission decreased X/XO-
and SNAP-induced membrane depolarization.

(A) X/XO-induced membrane depolarizations were not
significantly reduced by a combination of CdCl, and calcium free
solution. When membrane potential was recorded in an
extracellular calcium free solution with thapsigargin, X/XO
-induced depolarization was markedly decreased (B), and
SNAP-induced depolarization was significantly decreased (C).
(D) Mean X/XO- and SNAP-induced depolarization in control
and in neurons pretreated with Ca" free plus thapsigargin. ***:
Values are significantly different from the control by independent
t-test (p<0.001). Means+SEM.
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Fig. 5. Effects of X/XO and SNAP on neuronal excitability of
the SG neurons.

(A) Recordings of action potentials generated in a tonic-firing
neuron (TFN). Action potentials were evoked by direct
intracellular injections of current pulses (25 pA steps). After
X/XO treatment, the frequency of action potentials was increased
by current pulse of 25 pA and 50 pA. (B) After SNAP treatment,
the frequency of action potentials was increased by current pulse
of 25 pA and 50 pA. Average firing rate measured by step current
pulses (25, 50 pA) after X/XO treatment (C) and SNAP treatment
(D). *: Values are significantly different from the control by
paired #-test (p<0.05). Means + SEM.
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