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Effect of Low-Power WPT Electromagnetic Environment on Neuronal
Excitability in Hippocampal CA1 Region
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Abstract The aim of this study was to investigate the effects of low-power WPT(wireless power transmis-
sion) system on the excitability of hippocampal CA1 neurons in mice. Mice were divided into control group and
radiation group (2-week group, 4-week group, 6-week group). Morris water maze test, fiber photometry test, HE

staining test, patch clamp test were used to observe the changes of working memory ability, Ca®" signal, the num-
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ber of hippocampal pyramidal cells, action potential, /5(instantaneous outward K" channel current) and /x(delayed
rectifier K channel current) in mice. The results of Morris water maze test showed that low-power WPT electro-
magnetic environment did not affect the working memory ability of mice. Fiber photometry test and HE staining
test showed that low-power WPT electromagnetic environment may promote the discharge activity of hippocampal
CA1 neuron clusters, resulting in an increase in fluorescence signal. This suggests that the regulation of Ca® con-
centration by electromagnetic environment might increase the number of discharge activities of hippocampal CA1
neurons and enhance the excitability of hippocampal CA1 neurons. With the increase of radiation time, the peak
value of fluorescence signal gradually decreased, indicating that hippocampal pyramidal cells of mice adapted to
low-power WPT electromagnetic environment. Low-power WPT electromagnetic environment increases the resting
membrane potential of hippocampal CA1 neurons in mice, shortens the half-wave width of action potential, reduces
the action potential threshold, accelerates the frequency of action potential release, promotes the release of action
potential, and improves the excitability of hippocampal CA1 neurons. Low-power WPT electromagnetic environ-
ment inhibits the activation process of transient outward potassium channels on the cell membrane, delays the acti-
vation characteristics of rectifier potassium channels to the depolarization direction, reduces the outflow of K" in the
cell, and then enhances the excitability of hippocampal CA1 neurons. Low-power WPT electromagnetic environ-
ment promotes the discharge activity of hippocampal vertebral cells, inhibits the activation process of /, and /x, and
the activation curve of /, channel shifts to the depolarization direction, enhancing the excitability of neurons.
Keywords hippocampal pyramidal cell; low-power WPT electromagnetic environment; fiber photometry

experiments; patch-clamp technique; neuron excitability
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Fig.2 The experimental results of the water maze in each group of mice and the analysis of the experimental results
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Fig.5 Schematic diagram of the number of neurons in the CA1 region of the hippocampus per unit area
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**P<0.01, ***P<0.001.
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Fig. 6 Analysis of related indexes of membrane potential and action potential
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AT 433 — BRI A7) £ FL I (transient outward potas-
sium current, /).

] 7B AT, 6 B R I A e, S0 R
FHE, R4 2B LI L -V 2 T 8%, X U B /N 2
WPT HL R IR T 46 Xof ) 47b [ B0 380 38 7 AR B o
St 4R H AR S O R AN LRI — P TR, &
B 7 K I TR 4 S5 X LA PR i s o X SR BN T
WPT HL R IR 55 1) 2587 i ) ] PRI HERS TR R - S 5
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Do NPAERR , 228 TE S EOS . AR5 13 A
Boltzmann /5 £ G/G =1/ {1+exp[(Va—V 1) 1/k} 315 2]
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Fig.7 I-V stimulation procedure for 7,
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Fig.8 I, activation process
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HARRAE B, R T BEs) 15 2
BE U AR 5, B S O T K R LA PR e R P
FEIXAEE LR, /NI ZE WPT HL R B0 R A 7
A EE RN . X R 1IN K O
A BRSO S 1R

R UL SR, WA H/NIh 2 WPT R A B
X LB E SRR = AR T R, R KB L
AN, HE 2R G, KO X R A R i A 75
TNIE [, 1048 S5 4R FdE S 6l G , KIEIE 1) Vi %
TR, RIS L AL () M B 28 DE RS . X R W
/NTHER WPT B 2 55 %6 KO3l 38 P s o v 2 i)
() (A 25

R AL, B B B e
100 mV, TiSass 74— B K80 ms, ik
10 mV, M —110 mVE]+10 mV [KF 86 £ 1k 2614 ik
M, ARG AN K N80 msiI+50 mVilli ikt G, AT
15 21— LR A1 ) B LA

2t DARSE LA R AL bR, FLIRIE(E 5 HL IR R
WAL P FOABL 2/ L NN AR I 5 15 50 T (BT 9B) o 2R
J& 18 F Boltzmann 75 F21/ Lw=1/{ 1+exp[(Vu—V 1) [/} oF
15 B0 S s BT A, Hodh Dy 25 ARk b
TR, Vo NBEHAL, Vi B IE E , &
R T

Xof R A (1) 255 2R3 L s 9—-34.83 mV, 50T R4
L, 58 2B A REh 1R R AE T AR, BPTRE 2
FEAR B LA A Rk B EURVEIRAS . AR AT 4 A
HREERIT LR N —45.62 V. SR 2 HME, 5
W4 AL J 530 ) 5 MR TR, R8BS Til1E
X BB R [y e PR — 2D O TS . AT 8 A LI 2
JAE L N-50.11 Ve SERSF 4 AL, fET6 ) 5
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Table 1 The activation parameters of 1,

bl EPOE HLUE/mV R
Group Vip/mV k
Control —9.552+2.860 24.370+2.094
WPT-2 week 14.971£1.145%** 22.982+1.695
WPT-4 week 11.348+1.976%** 22.790£2.136
WPT-6 week 5.628+2.395* 23.157+£2.419

#P<0.05, ***P<0.001, AHH T4 fE 4
*P<0.05, ***P<0.001 compared with the control group.
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(A) (B) * WPT-2 week
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Membrane potential /mV

A: deactivation stimulation procedure of /; B: deactivation dynamic curve of /4.
B9 LBykEDIE

Fig.9 I, inactivation process
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10B). SRJ5HI A 30 L/Li=A+Bxexp(—t/t) % 13 2 1) 1k
EHOS BT ILE, A LA ARk i s, 1
SRR (U I, AR (A A E i R
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1R R AR IR D A R (R 3), X—45 =
I S KA A SRR A I ST B IR A 1 T AR
18, B K@ IE 0 /N3 WPT HLREHR5 EL A I [A) 44K s
.
2.6 ARIBEHFHITKINEDCAIXAIME T IREE
I B A 2 M

N T BRI /N BRSO AN B o A5 R IR RN
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®2 LEVKTEHZESH

Table 2 The deactivation parameters of 1,

45 PR R L /mV R T
Group Vip/mV k
Control —34.834+0.397 8.219+0.341
WPT-2 week —42.030+0.315%* 10.554+0.335%*
WPT-4 week —45.626+0.581%* 14.058+0.562***
WPT-6 week —50.110+0.428%** 14.527+0.474%**
*P<0.05, ¥*P<0.01, ***P<0.001, FH% T X4,
*P<0.05, ¥**P<0.01, ***P<0.001 compared with the control group.
1.0
() (B) . ,
80 ms 80 ms 0.8 s
+50 mV 0.6
0.4
= Control
0.24 ® WPT-2 week
—-100 mV 4 WPT-4 week
£ v WPT-6 week
Ar=1-256 ms 0

Ar LS ERPE K B: I 0% 3 /) 2k

A: resurrection stimulation procedure of /,; B: recovery dynamic curve of /.

0 50 100 150 200 250 300
Time /ms

E10 LHEEDIIE
Fig.10 I, resurrection process
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Table 3 The recovery parameters of 1,

415 PRSI T8
Group T

Control 8.444+0.935
WPT-2 week 12.461+1.142*
WPT-4 week 16.598+1.596%**
WPT-6 week 15.639+1.135%*

#P<0.05, **P<0.01, ***P<0.001, 4 Tt B8 41,
*P<0.05, **P<0.01, ***P<0.001 compared with the control group.
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Fig.11 I-V stimulation procedure for I
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Fig.12 Ik activation process
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Table 4 The deactivation parameters of Ik

iR RO U /mV FEESSES

Group Vip /mV k

Control 8.554+0.767 17.595+0.730

WPT-2 week 17.215£1.119 23.418+1.242

WPT-4 week 17.545+1.584 22.510+1.832

WPT-6 week 32.39442.152%** 22.459+2.314

#EP<0.001, FIECT XA
*#%P<0.001 compared with the control group.
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