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Abstract: Voltage-gated sodium channels (VGSCs, Na,) are essential for the generation and conduction of
action potentials in excitable cells. The Na, 1.8 subtype is predominantly expressed in sensory neurons, particularly
in small-diameter neurons of the dorsal root ganglia (DRG), and plays a critical role in the signal transduction of
chronic, neuropathic, and inflammatory pain. Due to its tetrodotoxin-resistant properties and electrophysiological
characteristics of slow activation and inactivation, Na,1.8 is a key target for analgesic drug development,
facilitating repeated neuronal firing. Consequently, establishing an in vitro drug screening model based on Na, 1.8
is crucial for identifying lead compounds with analgesic potential. However, heterologous expression of Na, 1.8
remains challenging, primarily due to low expression levels in non-neuronal cell lines, which hinders effective drug

screening. In this study, we established an in vitro expression model of rat Na, 1.8 using Xenopus laevis oocytes as
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the expression system. Channel property was characterized using the two electrode voltage clamp (TEVC)

technique, providing a platform for screening active compounds. Quantitative polymerase chain reaction confirmed

that rat Na,1.8 is predominantly expressed in the DRG and trigeminal ganglia (Guangxi University Ethics

Committee Review and approval number: GXU-2022-159). We cloned the full-length Na, 1.8 gene and constructed

two chimeric variants, Na, 1.8-N and Na, 1.8-C. Following in vitro transcription of the corresponding capped RNA,

it was injected into Xenopus laevis oocytes for heterologous expression. TEVC recordings were used to detect

Na, 1.8 and chimera expression, and channel activity was evaluated through I-J curves, steady-state activation
curves, and the specific Na, 1.8 antagonists A-803467 and VX-548. The chimera Na, 1.8-C resolved the problem in
stable expression of Na, 1.8 in vitro and exhibited similar pharmacological properties with native Na, 1.8, offering a

valuable tool for future screening of compounds targeting voltage-gated sodium channel.
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H R A 7] ; 2x ChamQ Universal SYBR qPCR Master
Mix (#7E821A4). HiScript II 1st Strand cDNA Synthesis
Kit (+gDNA wiper) J% % 5 il f] & (#027E2252JA). 2x
Phanta Max Master Mix /= & B[ (#7E214K4).ClonEx-
press Ultra One Step Cloning Kit [/ J5 # 2H i 71 & (#
017E22721A) I [F 4 5% Uk ME B A WD R IR A 75 I
Ji & 1 B (#*COLLA-RO) 4§ H 3% [H Sigma-Aldrich 22
#) ; Mmessage mMACHINE® T7 & #b #% 3% R 7 & #
2880830) MEGAclear™ #% 5% 4 {k, i 71| & (#2776183)
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(HA61002). i % 5% 55 5= (#A610494). T BR JX K 55 &
(#A100304).4S Gel Red I4 & 4L Kl (#K6021CA4477) )
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NANOJECT II (3£ [# Drummond 2 &]); {4 HE KR $7 i1 1%
P1000 (3% [F Sutter A 7).
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HEPES, pH 7.5), ND96 # # (96 mmol-L"' NaCl,
1.0 mmol-L" MgCl,, 1.8 mmol-L" CaCl,, 2 mmol-L"
KCl, 5 mmol-L"' HEPES, pH 7.5).
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%12 uL, 65 °CH¥ & 5 min J5 M A 21, 7 7F RNA 1) —
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- ) _— PCR PCRl
| 5UTR | Target WT Na,1.8 .~ 3UTR | N 1-131
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Figure 1 Flowchart of construction of Na, 1.8 and its chimera (Na,1.8-C and Na,,1.8-N) recombinant plasmid. DRG: Dorsal root ganglion;

WT: Wild type
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A ZANFEE 20 pL. 7E37 °C F M 14 h, fI A 1 pL
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(2930 ng) VEST G0 BEAH M A, 75 17 °C35% 9 B 1) 15
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EO0-XEE AR EE R A i S IR 2~5 RINEE
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T VRN B Ve A& SO FLAL (reverse potential);
152 AN TR) I LA 5 R IR FLRL G A K T o K
TV, =& ¥ B KBTS AL (half activation voltage,
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Olfactory bulb D;zG Trigenminal ganglia
Figure 2 qPCR analysis the Na, 1.8 gene distribution in different
tissues. A: The total RNA extracted from different tissues.
1: Olfactory bulb; 2: Dorsal root ganglion (DRG); 3: Trigeminal
ganglion tissue; B: The gene expression levels of Na,1.8 in the
three tissues show significant differences. n = 6, X £ SEM. ""P <

0.000 1 (by one-way analysis of variance)
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Figure 3 Native and chimera Na, 1.8 detection and sequence alignment. A: Agarose gel electrophoresis analysis of three plasmids. M:
10 000 bp standard DNA marker; 1: Na, 1.8 plasmid; 2: Na, 1.8-N plasmid; 3: Na, 1.8-C plasmid; B: Sequence alignment of Na,1.8-C and
Na,1.8-N with Na,1.8 (1-130 amino acids) and Na,1.4 (1-131 amino acids); C: Sequence alignment of Na,1.8-C and Na,1.8-N with
Na, 1.8 (1 730—1 956 amino acids) and Na, 1.4 (1 598—1 840 amino acids)
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Figure 4 The electrophysiological characteristics of native and chimera Na,1.8. A: Single stimulus program and typical current of Na, 1.8

(n = 4); B: Single stimulus program and typical current of Na, 1.8-C (n = 6); C: Current of Na, 1.8-C expression at 2-5 days (n = 8); D: The

1-V curve of the native Na, 1.8 under square-wave step stimulation (» = 3); E: The /-V curve of the chimera Na, 1.8-C under square-wave

step stimulation (n = 6). x + SEM. """P < 0.000 1 (by one-way analysis of variance)
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Figure 5 Electrophysiological characteristics of Na,1.8-C and
Na,1.4. A: Steady-state activation curves of Na,1.8-C (n = 6) and
Na, 1.4 (n = 5); B: I-V curves of Na,1.8-C (n = 6) and Na, 1.4 (n = 5).
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Figure 6 Blocking effects of the specific blockers A-803467 and VX-548 on Na,1.8-C, and A-803467 on Na,1.4. A: 10 pmol-L
A-803467 completely inhibited the current of Na, 1.8-C; B: 10 pmol-L"' A-803467 did not inhibit the current of Na, 1.4; C: The response of
A-803467 at 10 pmol-L™ for Na,1.8-C and Na, 1.4 (n = 11); D: The IC,, of A-803467 for Na,1.8-C was 284.5 nmol-L” (n = 3); E: The IC,,
of VX-548 for Na, 1.8-C was 14.9 nmol'L" (n =4). x+ SEM. ""P < 0.000 1 (by one-way analysis of variance)
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