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Effects of 50-Hz magnetic field and bisphenol A exposure on phosphorylation of Tau

protein in rat brain tissue and Neuro-2a cells
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[ Abstract | Objective To investigate the effects of 50-Hz magnetic field and bisphenol A ( BPA)
alone or combined exposure on the phosphorylation of Tau protein in nerve cells. Methods A total of 24 SD
male rats (body weight 15010 g) were randomly and equally divided into 4 groups: control group ( normal
saline gavage + magnetic field sham-exposure ), 50-Hz magnetic field exposure group (0.5 mT, 50 Hz
magnetic field exposure 4 h/d+normal saline gavage) , BPA exposure group ( BPA 20 pg « kg™ - d™' gavage+
magnetic field sham-exposure) , and combined exposure group (BPA 20 pg « kg™' « d”' gavage+0. 5 mT,
50 Hz magnetic field exposure 4 h/d). The magnetic field exposure was performed once per day, 6 days per
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week , for consecutive 12 weeks. The protein expression of Tau-Thr”' and Tau-Ser*” | as well as cell apoptosis

[(BE€mB] ERAARFARESGE EH (31770906)
[{EE1EE] K, E-mail; zhangyw20022002@ aliyun. com

2097-0927/ Copyright © 2022, FEZEZEEE R (B = ERY:) o X TFHGRBOCE AR CC BY AT B (https://creativecommons . org/licenses/by/4.0/)



http : //aammt. tmmu. edu. cn

in frozen slices of cerebral cortex and hippocampus were detected by immunohistofluorescence assay and
TUNEL assay, respectively. For cell experiments, Neuro-2a cells were exposed to 50 Hz magnetic field
(1.0 mT, 48 h), BPA treatment (100 wmol/L, 24 h), as well as combined exposure (50 Hz magnetic field+
BPA) , respectively. Cell viability was tested by CCK-8 assay, and the protein expression of Tau-Thr”' | Tau-
Ser*™ and Caspase-3 were measured using immunofluorescence assay and Western blotting. Results  As

231 e . .
was significantly increased in cerebral

compared with the control group, the phosphorylation of Tau-Thr
cortex and hippocampus of rats after 12 weeks of 50 Hz magnetic field exposure (P<0.05). The Tau-Thr*'
phosphorylation in rat cerebral cortex and hippocampus and the Tau-Ser* phosphorylation in cerebral cortex
were remarkably elevated after 12 weeks of BPA exposure alone or in combination with 50 Hz magnetic field
(P<0.05). The co-exposure also induced obvious neuronal apoptosis in cerebral cortex and hippocampus of
rats (P<0.05). For cell experiments, the Neuro-2a cell viability was greatly lowered after exposure to 50 Hz
magnetic field, BPA alone or combined treatment for 48 h ( P<0.05). The Tau-Ser** phosphorylation was
notably up-regulated (P<0.05) after 50 Hz magnetic field exposure; the phosphorylation of Tau-Thr”' and
Tau-Ser*™ , as well as the expression of Caspase-3 were also enhanced (P<0.05) after BPA exposure or co-
exposure. Conclusion Exposure to 50 Hz magnetic field and/or BPA can induce hyperphosphorylation of

Tau protein at different amine acid site, and there are synergistic effects between the 2 exposures, which may
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cause nerve cell damage.
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7 50 Hz #3570 BPA £ % Neuro-2a £l Tau-Ser*™ FiXBIEM (n=3,x+s)

N, H— = RS0 = 0 7 5 1 S 3F, IF il
ERASTRA Z IS R P G o KRR
FEARIL 3. 1 mT 50 Hz B35 80 2 55 15 AT 520 H, iz
JBE 96 240 L ( H,/ APPswe , e gk N B-3€ # IR 2 11 W44
HH) MIEMFEE e R, R A, & 5]
B BN Z ARG Y o BRI PR
RIA 50 Hz @535 /N 8 JilJ5 (2 mT,4 h/d) , W]
SEma /N2 2 A RE I, [R) I /)N BRORE J2 g S 2 21
Tau 2 [ Ser™ {3 g5 Fl Ser™ o7 f W IR 1k 7K - WA i 25
FxILE ™ . HAHFFE £ 50 Hz #3500 pT) %
# 3 A AT GE 3xTg /N[ AD BB W), gy T
APP PS, Tau (P301L),6 F 5 5t 7T 22 30 1A %0 5k
B TADIANERBE , Tau 85 [ BEBR 167K P AN 1S S R, 1R+
A 50 Hz B3 IR AD A RGAITRIXTR . At
LRI, 50 Hz RE3pE iR 552 (0.5 mT,4 h/d,6 d/JF,
12 Ji) FEs R 255 (1 mT,48 h) B A 5] Tau 2K I #
FR AL K- W S 7 e (H B RR AL AL A AN, HIAR 2

DA S0 MR T AKOT i W R AR Ak, SRR A SE R S5
T 50 Hz #1377 55 Al Ge S XA S 4R M DI AT — a8 5%
e, L ANP AT 2 B AR o AHAS I 98 AR % Bl 4 1) v
ZAT NV XA A, S fa it —2
W5 Tau 2 1 W IR fb 0 A= 3 Bl 1 2% 2 50, B Tau
A R A S M AT R Z MR .

BPA {EN RN /- TR, R I 3¢
XA B A e 9 3 W AR D e AR KR B F R
M AR R DFIC TR A RIZE (1, 2 B BPA 2% 85 %)
M RGWA N, BPA(>100 pmol/L,24 h) n] @ i
SN2 H0 2 RO Sl F) 2 P (LA MAP, | Tau
N mRNA FIR P N FESE) 07 Neuro-2a 4 iy
IRFE AL E ™ . BPA(>20 nmol/L,12 h) £ g& 7] 3|
2 SH-SY,Y Ziifif] AD Ffpl 288 1%, B H BACE-1 &
FIRE I RTAE [ (amyloid precursor protein, APP) |
AR, AL B B R AL Y tau 2B 1 (Ser™ | Ser™ |
Thr® Ser®™ I Ser™) SF ikt , I H 5B R 55
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BHOMER  a.P<0.05, 5 SHAM Za1k4k

& 8 50 Hz #3771 BPA ZEXT Neuro-2a £ ff Caspase-3 FTiEHI M (n=3,x+s)

R AL . MR 2N U BPA
7%(2.10,100 pg - kg - d7") AT FAR(3.6.9
%) AD FEMZERETE , I Ry K2 R E ik X tau 25
ARIFME S (The™™ Ser'™ Ser™® Ser*™ Fl Ser™) Bl fk 7k
TR BRI . AWESE K B BPA(20 pg - kg - d7
6 d/Ji)HEE 12 JART 5| SD e R B 2 FiE E fik
T Tau-The®' {7 15 LA B J7 JZ Tau-Ser™ {37 15 85 BRIk
AU SR, I AT BORh 28 4 M O T ki 4
100 pmol/L BPA Z: 5% 24 h [A]#f 7] £ Neuro-2a 2 fif]
Tau-Thr™" {37 5 Fl Tau-Ser*™ {37 5 4 B 1k 7K F- B & F+
15, AT 3 W T B, Caspase-3 63K KF-BH 715 5
J£ H BPA 2 5% 1 50 Hz #7378 88 2 (A A7 £ B A U )
RNL o E— 7R 50 Hz {3 BPA g2 Al g AD
RAEMRGERE,

Tau £ AR /K32 Tau 8 HEEEM Tau HH
A TR T UL ], AT (o L IR AL , W IR AR fiff L 5
TR Ak , 2 11 DRt R 2 1 Wl PR A 1 P Al XL T R R

B Tau 1t FEBER ALY BB DR 200 ] 0 2 4l
M2 H RS 5 (cyclin dependent kinase 5, CDKj) Al
G B T 5 i ( glycogen-synthase kinase 3, GSK;, )
Sed I Y Tau 2 0N , e 32209 Tau 25 1 BE R G
EHEHBEEREE 1 ( protein phosphatases 1, PP,) 1 H
i F2fiff 2A ( protein phosphatases 2A, PP,,) . B4 W%
FH BPA 2 5% ) 55 0T 306 GSK, . CDKG i 14 | 410 il
PP, {1 Fe W] BPA S5 A 3 o 5 0 2K 11
FER R AR A 1 8 5 25 Tau 25 171 19 BE BRI AL, fi2
B AD R A . AR WAFFEAGE 50 He B3 R as WAy
KB IR A AR 45 AL, B 50 He 7372
#& AT GSK,, . CDK BTG 14, #i& PP, , FE{K Tau
AR, B AD BB S iR BE
A0 AE Tau 8 B SS I HGh BEREA ABERR 1L 7]
PASEAPERY S5 8] — 07 5, Tau 2 F RO BERR 1L K P ik
2% | O-MK-N-& Wt # W M ( O-linked N-
acetylglucosamine , O-GlcNAc ) M & b 1& 1 69 171 1 8
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