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Analysis of the mechanisms underlying inhibition of voltage-gated sodium channel
aimed at development of selective inhibitor on Navl.3
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We investigated the effects of antidepressants as conventional medications for
neuropathic pain, and allopregnanolone sulfate, the metabolite of allopregnanolone that is desired as a
new medication for neuropathic pain on voltage-gated sodium channel o subunit, Navl.3
electrophysiologically in order to contribute the development of selective Navl.3 inhibitor as a new
analgesic for neuropathic pain. We found that these compounds inhibit the function of Navl.3
dose-dependently. Moreover, we demonstrated that these inhibitory effects were enhanced by co-expression
with B 3 subunit. These results would help to clarify the mechanisms underlying inhibition of Navl.3
function, and contribute the development of selective Navl.3 inhibitor.

Navl.3 Navl.3



DRG
Nav a Nav]..3
Nay1.7 Nay1.8 Navl.9
Nay1.3
Na,1.3
Na,1.3
Nay1.3
Na,1.3 Na,21.7
-1 Na/l.3
Na,1.3
Na,1.7
2,4-diaminotriazine 52 Nay1.3
a
Na,1.3
Na,1.3 cRNA
Nay1.3 Nay1.3

2,4-diaminotriazine 52

2,4-diaminotriazine 52 Na,1.3

Na,1.3 Na,l.7
DEIE-2 (Na,l.7
2,4-diaminotriazine 52
NaV1.7
Nav]..7

cRNA
Navl T

Nav]_ ST
Nav 1.7
2,4-diaminotriazine 52
2,4-diaminotriazine 52
Nav 1.7

Na,1.3

2,4-diaminotriazine 52

Nav]_.g NaV1.7
Nav]_.3 Nav]_.7
Navl.3
cRNA
Nav]..3

(1) ~ (3) TRESIAERENLD

2,4-diaminotriazine 52

Na,1.2 Na,1.3 Na,21.6 Na,1.7 Na,21.8

Nay1.2 Nayl.3 Navl.6
Nav1.7 Navl.8
-40~-70mV Ve
-20mV~+10mV

4
Nava

Nay1.2
Nay1.3 Nayl.6 Navl.7 Nayl1.8
I1Cso 55.6+6.5 8.4+1.5 40.7
+43 46+23 10.4+0.8
5 a
I1Cso 67.8+12.2 11.2+1.2
63.1+135 79+04 154+0.9
5 a
1Cso 44.8+4.7 14.0
+1.8 63.0+85 12.8+0.8 19.1+0.6
5 a
ICso0 74.1+10.2
249+18 73.2+11.5 11.7+32 172+
3.5umol/L 1—4
Nay1.2 Navl.6
Nay1.7 Nay1.8

Nay1.3



- Na,1.2 + B,

100

< —A- Na,1.3 + B,
= 1] -¥- Na,1.6 + B,
[e]

= v'I 7+ B1
G 1.8+8
O 50 v !
G

§ 25+ Amitriptyline

$

0 LI II||I|‘ L III|HI

Concentration of amitriptyline (umol/L)
1.4

Nav(l

- Na,1.2 + B,

100 —A- Na,1.3 + B,
X -¥- Na,1.6 + B,
5 75+ -7 Na,1.7 + B,
= -O- Na,1.8 + B,
8 50
«—
(@]
§ 25 Imipramine
&
0 T II||III| T llll|l|| T |ll||ll'r T
0.1 1 10 10 1000
Concentration of Imipramine (umol/L)
2.4 Nav(l
1003 - Na,1.2 + B,
e —A- Na,1.3 + B,
:O/ 75 - v Nav1.6+B1
5 B\ ~~ Na,1.7 + B,
8 504 O Nav1.8 + 81
©
§ 25+ Nortriptyline
5]
0- 0 T IIIIII| T |IIII|| .
0.1 1 10 100 1000
Concentration of Nortriptyline (umol/L)
3.4 Nav(l
100

< I Na,1.2 + B,
% 75+ —A— Nav1.3 + 81
£ -¥ Na,1.6 + 3,
8 504 -~ Na,1.7 + B,
5 Na,1.8 + B,
§ 25 Duloxetine

o

0 T T ||l||l| T I||l|||| T T III|||I T T TTTTT
0.1 1 10 100 1000

Concentration of Duloxetine (umol/L)

4.4 Nav(l

Na, 4
Nav
Nayv1.3 Nay1.7
Nay1.8
Vmax -90 —100mV
60mV 10mV 50ms
Boltzmann
activation curve  midpoint Vi
4 3
Vi
2.3mV
3
KIARVI N N —— NN LAV T U R) — NN
nic, o Na,1.3 + B,
s
S
O 05-
O —e— Control
—o— Amitriptyline
'10 Yy Y T T T T T
-80 -60 -40 -20 0 20 40
Test potential (mV)
5. Nay1.3
Na, 1.7 + 3,
O_
s
£
Q -0.5 —e— Control
o —o— Amitriptyline
-1.0 Y I T T I I I
-80 -60 -40 -20 0 20 40
Test potential (mV)
6. Nay1.7
.| Na<1.8+8,
3
£ —e— Control
Q -0.5-4 —o— Amitriptyline
O
-1.0

80 60 40 20 0 20 40
Test potential (mV)

7. Nay1.8



Na, 4 4
Nay1.3 Nay1l.7 Nayl.8 Nav1.3 Na,1l.7 Na,l1.8
4
-140mV OmV 10mV
200ms 4 3
-10mV~+10mV 50ms
3 3
inactivation curve
V2 2.5~
8.9mV
3 Nav‘I 3+ B‘l
21.05b
- E
Na, 1.3 + 3, Qo 0.8+
1.0+ —o—Cor?tr.ol . 8 064
—o— Amitriptyline N
5 T —e— Control
g € 047 _o_ Amitriptyline
o 0.5 [e)
= Z 0.2 T T T T T T
= 0 10 20 30 40 50 60
Pulse number
00 T T T T T T T (I)
-140-120-100 -80 -60 -40 -20 O 11. Nay1.3
Prepulse potential (mV)
8. Na,1.3 . Na,1.7 + B,
= 1.0
X
+ ©
10 Na"1'7 [31 8_ 0.8+ —e— Control
07 —e— Control = o Amitriptyline
—o— Amitriptyline qN> 0.6
5 T
0.4 1
5 0.5 £
= 9
Q Z 02 T T T T T T
0O 10 20 30 40 50 60
0.0 Pulse number
. T T T T T
-140-120-100 -80 -60 -40 -20 O
Prepulse potential (mV) 12. Nav1.7
9. Nav1.7
S10- Na, 1.8 + B,
X Q
Na16 + B, : 08_
104 —e— Control o
’ —o— Amitriptyline E 064
§ ‘_é’ 044 —e— Control
S 0.5 ) —o— Amitriptyline
E Z 02 T T T T T T
0 10 20 30 40 50 60
Pulse number
00 140-120-100 -80 -60 -40 -20 g
B TlevT oM TRR e T 13. Nay1.7
Prepulse potential (mV)
"~ 10. Nay1.8 T o T




4 Na,1.3
B, B3
B
B1~Bs 4
. Nay1.3 Nav1 3+ [33
Bs 1.0+
Nav1.3 63
3
(DE
Bs o) 0-51 —e— Control
Nav1.3 —0—
ICs0 Nav1.3+8: 8.2 0.0
+ 1.6pmol/L vs Na,1.3+8; 4.5 =+ " 80 -60 -40 20 O 20 40
0.4pmol/L Nay1.3+6: Test potential (mV)
24.9 + 1.8umol/l.  vs Nay1.3+B83 12.6 +
2.5umol/L
16 BS Navl.3
Nay1.3
—~ 100+ B Na,1.3
= Amitriptyline 4
= mitripty B3 Na,1.3
O 75+ Imipramine
g Nortriptyline
“g 504 Duloxetine inactivation curve Vi
= 2.56~25.2mV
§ 25+ Nav'] 3+ B1 25.2mV  Bs
: e
0 T T T TTTIT] T T BS
0.1 1 10 100 1000
Concentration (umol/L)
14. 61 Nav]..3
oo Na,1.3 + B4
< 1.0+
E 75+ -0~ Amitriptyline x —e— Control
o —A— |mipramine g —o— Amitriptyline
O 50+ - Nortriptyline 2 0.5-
o - Duioxetine =
& 25
g Nav1 3+ B3 Z
[}
& O T !IIIHIl T T ||||||‘ T ||||||| T III'l_I'I'IT 0.0 T T T T T T T ?
0.1 1 10 100 1000 -140-120-100-80 -60 -40 -20 O
Concentration (umol/L) Prepulse potential (mV)
T15.8s° 7 7777 77 Navl3 T T
17 BS Navl.3
B, Na,1.3
4 Na,1.3
63 Nav1.3
4 B1
Nav1.3 63
Navl.3
activation curve Vi
APS Nay1.2
5.0mV Nav1.6 Nayl.7




Nay1.3

B1 B3
Nav1.3
ICso

Nay1.3+8:1 Nay1.3+83 74.6 £4.8
26.3 = 2.7umol/L, Bs

Nav1.3

APS Na,1.3

Bs

a
B
100

-o— Na,1.3

Percent of control (%)
3
|

25— —x Nav1.3 + 81
—~ Na,1.3+B,
0 T 11HHI| T \WHHI' T IIlIH\l T IIIHH\ T VVHHQ
0.1 1 10 100 1000 10000
18. Nav1.3 APS —B:1 B3
Navl.3
Na,1.3 APS
APS Nay1.3
BS Navl.3
APS
APS
activation curve Vi
1.2mV
Bs
Nay1.3 APS
1.0 o)
é —e— Control
| —O— APS
g 0.5 100 pmoliL
m Na,1.3 + B,
0.0 Q =y g T T T T
-80 -60 40 -20 0 20 40
Test potential (mV)
19 63 Navl.3
APS
Na,1.3 APS
63 Nav1.3
APS
-140mV OmV 10mV 200ms

-10mV ~
+10mV 50ms
APS

inactivation curve

APS V12

9.7mV

Bs Nav1.3 APS

Na+
Lisa
22
2015
548-554

2

Nay1.3

61
2014 5 16

Nay1.3

60
2013 5 24

1)
SATA Takeyoshi

60128030

(2)
HORISHITA Takafumi

40369070

€))
OKURA Dan

00596710




