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Glial cells, including astrocytes and microglia, interact closely with neurons and modulate pain transmission,
particularly under pathological conditions. In this study, we examined the excitability of substantia gelatinosa (SG)
neurons of the spinal dorsal horn using a patch clamp recording to investigate the roles of microglial activation in
the nociceptive processes of rats. We used xanthine/xanthine oxidase (X/XO), a generator of superoxide anion (O,7),
to induce a pathological pain condition. X/XO treatment induced an inward current and membrane depolarization.
The inward current was significantly inhibited by minocycline, a microglial inhibitor, and fluorocitrate, an astrocyte
inhibitor. To examine whether toll-like receptor 4 (TLR4) in microglia was involved in the inward current, we used
lipopolysaccharide (LPS), a highly specific TLR4 agonist. The LPS induced inward current, which was decreased
by pretreatment with Tak-242, a TLR4-specific inhibitor, and phenyl N-t-butylnitrone, a reactive oxygen species
scavenger. The X/XO-induced inward current was also inhibited by pretreatment with Tak-242. These results indicate
that the X/XO-induced inward current of SG neurons occurs through activation of TLR4 in microglial cells, suggesting
that neuroglial cells modulate the nociceptive process through central sensitization.
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Materials and Methods
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(Fig. 2A and 2C), fluorocitrate (100 uM)0f| 2IHME R2|5HH A
E[UCH-2.6 + 1.2 pA, n =5, p < 0.05) (Fig. 2B and 2C). 0|2{&t
Zit= Ot A MIZO| SEQ0 TS X/X02| Fut7t MZAWM| I} 2
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Fig. 1. Effect of xanthine/xanthine oxidase (X/XO) on neuronal excitation
in substantia gelatinosa (SG) neurons of the spinal cord. (A) In a current
clamp recording, X/XO (300 uM/30 mU) induced membrane depolarization.
(B) In a voltage clamp recording, X/XO induced an inward current.
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Fig. 2. Involvement of glial cells on membrane excitability of substantia gelatinosa (SG) neurons induced by xanthine/xanthine oxidase (X/XO). (A) Inward
current induced by X/XO was decreased in the presence of minocycline. (B) Pretreatment with fluorocitrate significantly decreased the X/XO-induced inward
current. (C) Summary bar graphs illustrating the effects of minocycline and fluorocitrate. Values are significantly different from the X/XO by independent t-test
(*p < 0.05). Values are presented as mean * standard error of the mean.

www.kijob.or.kr 227



Int J Oral Biol Vol. 45, No. 4, December 2020

Tak-242
X/XO X/XO

PBN
LPS LP
c ——
_I5pA
2 min
LPS Tak-242
- LPS
D nv‘[w\ ' pomed® o lb b |

e 5 pA
2 min

B . .
—~ -2+
g I
3 _4- *k%k
(o]
C
g -6
o
E -8
3
_10_
Il X/XO
124 3 X/XO + Tak-242
. !‘L\
1 1 ]
z 0
R
g 21
(o]
[
g -4
o *
5 -6
5
(@] -8 - Il LPS
[ LPS + PBN
-104 3 LPS + Tak-242

Fig. 3. Involvement of microglial toll-like receptor 4 on membrane excitability of substantia gelatinosa (SG) neurons induced by xanthine/xanthine oxidase (X/
XO). (A) Inward current induced by X/XO was inhibited by Tak-242 pretreatment. (B) Summary bar graphs illustrating the effect of Tak-242. (C) Lipopolysac-
caride (LPS)-induced inward current was decreased after phenyl N-t-butylnitrone (PBN) pretreatment. (D) LPS-induced inward current was significantly inhib-
ited by Tak-242. (E) Summary bar graphs illustrating the effects of PBN and Tak-242. Values are significantly different from the LPS or X/XO by independent
t-test (*p < 0.05, ***p < 0.001). Values are presented as mean * standard error of the mean.
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Fig. 4. Schematic representation depicting
possible mechanisms of xanthine/xanthine
oxidase (X/XO)-generated reactive oxygen
species (ROS) in substantia gelatinosa (SG)
of the dorsal horn.

LPS, lipopolysaccharide; TLR4, toll-like re-
ceptor 4; PBN, phenyl N-t-butylnitrone; ATP,
adenosine triphosphate.
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