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Growing evidence suggests that mitochondrial reactive
oxygen species (ROS) are involved in various pain states.
This study was performed to investigate whether
ROS-induced changes in neuronal excitability in trigeminal
subnucleus caudalis are related to ROS generation in
mitochondria. Confocal scanning laser microscopy was used
to measure ROS-induced fluorescence intensity in live rat
trigeminal caudalis slices. The ROS level increased during
the perfusion of malate, a mitochondrial substrate, after
loading of 2',7'-dichlorofluorescin diacetate (HDCF-DA),
an indicator of the intracellular ROS; the ROS level
recovered to the control condition after washout. When
pre-treated with phenyl N-tert-butylnitrone (PBN) and
4-hydroxy-2,2,6,6-tetramethylpiperidene-1-oxyl
(TEMPOL), malate-induced increase of ROS level was
suppressed. To identify the direct relation between elevated
ROS levels and mitochondria, we applied the malate after
double-loading of H,DCF-DA and chloromethyl-X-rosamine
(CMXRos; MitoTracker Red), which is a mitochondria-
specific fluorescent probe. As a result, increase of both
intracellular ROS and mitochondrial ROS were observed
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simultaneously. This study demonstrated that elevated ROS
in trigeminal subnucleus caudalis neuron can be induced
through mitochondrial-ROS pathway, primarily by the
leakage of ROS from the mitochondrial electron transport
chain.
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gHd Ak A F(reactive oxygen species; ROS)> IAFS}F4
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A4, xantine dehydrogenase®ll~] xantine oxidase=2] %
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A ZbzE 155 105, 3087} loading 3liTh )% ) &#
- &3 o)A ¥FdAvA (LSM 510, Carl Zeiss,
Germany)= ©]€3Fo] x400 wj&= #AF S5loH,
excitation 74> 488 nm (argon laser), emission I}
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A

Succinate 5 min

Malate + PBN Malate S min

Membrane potential
changes (mV)
*
*

Malate + Tempol +PBN Succinate

Fig. 1. Effects of mitochondrial substrates on membrane potential
of trigeminal caudal neurons in patch clamp recording.

(A) Application of malate (10 mM) for 5 min caused a reversible
membrane depolarization and firing activity. (B) Application of
succinate (10 mM) also induced membrane depolarization. (C)
Addition of TEMPOL decreased the malate-induced
depolarization. (D) Addition of PBN effectively antagonized the
malate-induced depolarization. Dashed line indicates resting
membrane potential before drug application. (E) Malate-induced
depolarization under control condition and coapplication of
antioxidants. *: Values are significantly different from the malate
by paired t-test (p<0.05). **: p<0.01. ##: Values are significantly
different from the malate by independent t-test (p<0.01). Means
+ SEM.
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Fig. 2. Measurement of ROS using confocal microscopy and
suppression of fluorescence intensity by ROS scavenger.
Trigeminal caudalis slices were stained with DCF (10 pM) and
DHE (20 uM) for 15 and 10 min, respectively, and fluorescence
images of the slices were obtained by laser confocal microscopy.
(A, B) Addition of malate (10 mM) increased fluorescence
intensity (triangles indicate an analyzed cell in B). (C) Percent
changes of fluorescence intensity. *: Values are significantly
different from the control (before malate application) by paired
t-test (p<0.05). **: p<0.01. (D, E) Pretreatment of PBN (2 mM)
reduced ROS generation, and prevented malate-induced
fluorescence increase (triangles indicate an analyzed cell in D).
(F) Percent changes of fluorescence intensity by application of
PBN and malate. Means + SEM.
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Fig. 3. Localization of ROS generation identified by DCF and
CMXRos dye.

Slices were double-loaded with DCF (10 uM) and CMXRos
(100 nM) for 15 and 30 min, respectively. (A, B) Addition of
malate (10 mM) increased fluorescence intensity of both DCF
and CMXRos (triangles indicate an analyzed cell in B). (C)
Percent changes of malate-induced fluorescence increase. *:
Values are significantly different from the control (before
malate application) by paired t-test (p<0.05). **: p<0.01.
Means + SEM.
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g Gk Sk WEHA BT n=5, p<0.01)
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