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The synaptic analgesic mechanisms of KCNQ (Kv7) K+ channel opener in the spinal
dorsal horn.
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In this study, we investigated the analgesic mechanisms of KCNQ channel
opening with behavioral pharmacology and electrophysiology. In the behavioral experiments, systemic
or intrathecal administration of the KCNQ channel opener retigabine showed analgesic effects, which
were antagonized by systemic or intrathecal administration of the KCNQ channel blocker XE-991.
Therefore, it was suggested that the opening of KCNQ channels is essential for the analgesic effect
of retigabine, and that the spinal cord is Important as the site of action. In the
electrophysiological analysis, we studied the effect of retigabine in the spinal cord, which
revealed that retigabine strongly suppressed excitatory neurotransmission derived from the primary
afferent A-fiber, contributing to pain relief.

KCNQ



K+ KCNQ

M ( M )
K+
KCNQ
KCNQ
KCNQ
KCNQ KCNQ
naive
(1) KCNQ
KCNQ
(2)
KCNQ
(1)
4 ddy 1 PSNL (partial
sciatic nerve ligation, Seltzer)
1/3-1/2
6
-8 paw withdrawal latency (PWLs; ) 5 50%
0.1g
(2)
Dixon up-down
50%
Hargreaves Plantar test
1
(PWLs)
3)
ddy (PSNL )
450 um
300 um K-gluconate
patch-clamp whole-cell -70mVv

(A- or C-fiber-mediated excitatory postsynaptic currents; A- or
C-fiber-mediated EPSCs)
tetrododoxin (0.5 M)
Nat
(miniature EPSCs; mEPSCs)



(4)
PSNL 450 um
di-4-ANEPPS

®)

I+

Kruskal-Wallis test Dunn

2 paired t-test
Student’s t-test 3 1 (ANOVA)
Bonferroni

@
KCNQ retigabine
KCNQ
retigabine (10, 30 mg/kg) retigabine (10, 30 ng)

(1 retigabine
retigabine
A RTG (i.p.) alone B RTG (i.t.) alone
12 12 12 1.0
10 i ::h,:lge/kg in 1.0 e venicle 10 o vehide  _ 08 o venic
i —~ . 5O vehicle
5 8 = wmkip 2 og T men o e —+ 10pgit
§ 9 ] He.it 9 & 30pg,it.
s g oo < 6 8 04
H £ 04 H £
a4 = [t =
) 3 02 B g 02
S e %0 6 % 8 s 1 pe 30 0 30 60 9 120 e % 0 ® w % 1o pe 30 0 30 60 9% 120
Time (min) Time (min) (n=7-8) Time (min) Time (min) (n=6-7)
Mean £ SEM, *p<0.05, **p<0.01, ***p<0.001 vs. vehicle control
1. PSNL retigabine
Retigabine (A) (B) plantar test( ) von Frey
test( ) retigabine; RTG.
Retigabine KCNQ XE-991
retigabine KCNQ
XE-991 retigabine KCNQ
XE-991 (5, 10 mg/kg) XE-991 (5, 10 ug)
15 retigabine (30 mg/kg) retigabine
( 2A, B) XE-991 (5, 10 pg) 15
retigabine (30 ng) retigabine ( 20
retigabine KCNQ
A XE (i.p.) + RTG (i.p.) B XE (i.t) + RTG (i.p.)
TR e wesmwemmis O MSSSBUAL 10 ey
10 -m- XE 10 mgkg, i.p. + retigabine & XE5mglkg, ip. + religabine 19, 1L, retigabin: = XESug, it + religabine
) 0.8 —# XE 10 mg/kg, i.p. + retigabine 10 —# XE10 g, it + retigabine 5 0.8 -# XE 10 g, i.t. + retigabine
g 8 3 064 g g 06
g 6 £ 04 g £ o
T 4 = o 2 0.2
s g 02 go
"o 30 8 wm w0 w0 1o pe 30 0 30 60 90 120 pe 30 0 30 60 90 120
Time (min) Time (min) (n=5-6) Time (min) Time (min) (n=6)
C  XE (it) + RTG (it
2 10 Mean £ SEM, *p<0.05, **p<0.01 vs. control (vehicle + retigabine)
1 o vehicle + RTG 30 g, it E o veticle + RTG 30 ug, .
10 = XESug,it +RTG —~ 08 —& XE5yg it +RTG
—# XE10ug it +RTG 2 —# XE10ug,it +RTG
5 8 2 06
3 2
= 6 € o4
g 4 s
S 02
R 3
e 30 8 wm w w 1o pe 30 0 30 60 % 120
Time (min) Time (min) (n=6)

2.  PSNL retigabine XE-991
XE-991 (A) (B) retigabine plantar



test ()
plantar test ()

von Frey test( )

(2) Retigabine

retigabine

von Frey test ()

(C) XE-991

retigabine

retigabine; RTG, XE-991; XE.

retigabine

retigabine (50 uM)

C-fiber-mediated

EPSCs A-fiber-mediated EPSCs ( 3
A = B
S kY 700 RTG CNQX
) o 600 -
k=i kel
=] % 500
S E 400
2 Q 300
i & 200
g 8 100
< O o
Time (min) c Time (min)
2000 *p<0.01 g 2500 ~ _P=04427
(a) control (b) RTG 50 uM =) e i
3 € 2000 )
2 1500 2
a o
£ £ 1500
L g 1000 g
A a
‘ U 500+ o} - a
@ompsA é é 500 —
< o o o
control RTG control RTG
3. A-or C-fiber-mediated EPSCs retigabine
A-fiber-mediated EPSCs retigabine (A) C-fiber-mediated EPSCs
retigabine (B) control (retigabine , Q)
retigabine (b) © A-fiber-mediated EPSCs

C-fiber-mediated EPSCs
Retigabine A
retigabine

KCNQ

retigabine; RTG.

A-fiber-mediated EPSCs

XE-991

XE-991 (10 uM)

retigabine (50 uM) retigabine A-fiber-
mediated EPSCs ( 4 retigabine KCNQ
A-fiber-mediated EPSCs
A B >
< 18007 XE-001 2 1500+ _p2099%9 C o 1204  ****p<0.0001
@ 1500 % —p20t s 100 =
3 RTG CNQX 8 § a
S 12008 £ 1000 e 2 80
® 900 s é 604
O
2 600 3 5 ° § s o 2 a0
i ® w o
g 300 g 8 207
;T_: 0 T T T T '%1 < 0 T T T < -
0 10 20 30 40 50 control XE991 XE991/RTG RTG XE991/RTG
Time (min)
(a) XE (b) XE/RTG
— —
[ | 200 pA
\““ \ims
4.  A-fiber-mediated EPSCs XE-991 retigabine
A-fiber-mediated EPSCs XE-991 retigabine
(A) XE-991 (retigabine , @)
retigabine (b) (B) A-fiber-mediated EPSCs
(C) Retigabine 100% retigabine XE-991 retigabine



retigabine; RTG, XE-991; XE.

Retigabine  mEPSCs

mMEPSCs retigabine mMEPSCs
( 9
A B C
control RTG 2 107 25+ p=0.3573 :’\I\c
8 08 % 20- N
%O.G—_ 2 % o
2 04- § 1ol 0
3 T — control 1] e—9° @
o g ]
0.0 E °
0 20 40 60 80 R e
Amplitude (pA)
2 107 30- p=0.3202
1. o 3
8 0.6 g 20 2
2 4] g 151 "
(—; 0 2_' — control &8 104 §
~ J20pA § N — Ri6 5 s 8
200 ms 0.0 5 o 6—0 °
0 80 160 240 control  RTG
Inter-event interval (ms)
5. mEPSCs retigabine
mMEPSCs retigabine (A) control (retigabine
) retigabine (B) (C) retigabine mMEPSCs
retigabine; RTG.
(4) Retigabine
naive
PSNL
PSNL retigabine
retigabine (50 uM) XE-991 (10 uM)
retigabine
XE-991
5)
KCNQ KCNQ
retigabine KCNQ XE-991
retigabine KCNQ
retigabine
A
retigabine
XE-991 retigabine (2019
F~2021 C 19K07104 ) retigabine

KCNQ KCNQ



4 0

KCNQ(KV7)K+ retigabine
144

2021

KCNQ(KV7)K+ retigabine cheek model
40

2021

KCNQ (Kv7) K+ retigabine
95

2022

KCNQ(KV7)K+ retigabine
94

2021







