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Effect of transcranial magnetic stimulation on dopaminergic neurons and expression of brain-derived neurotro-

phic factor in substantia nigra of mouse with Parkinson's disease
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[ABSTRACT] Objective: To investigate the effect of repetitive transcranial magnetic stimulation(rTMS)on dopaminergic neurons and
brain-derived neurotrophic factor(BDNF) in the substantia nigra (SN) of mouse with Parkinson’s disease (PD ), and to disclose the
possible mechanisms. Methods: Thirty-two male C57BL/6] mice were equally randomized into normal saline (NS), sham-rTMS (s-rT-
MS), PD model and rTMS groups. PD model was established with 1-methyl-4-phenyl-1,2, 3, 6-tetrahydropyridine (MPTP) in mice.
The animals in rTMS group received 5 trains of 1 pulse/s for 25 s, at an intensity of 1 Tesla (T) daily for 2 weeks. After the treatment
of rTMS, the changes in expression of tyrosinehy droxylase (TH) and BDNF in the SN of animals were observed by immunohistochemi-
cal technique; the quantitative analysis was performed by image analysis system. Results: Compared with NS group. the numbers of TH
and BDNF immunoreactive( TH-ir and BDNF-ir) cells and the corrected optical density (CD) values in PD and s-rTMS group were sig-
nificantly lower than those in the NS group (all P<C0.01); the numbers in rTMS group were significantly higher compared with those
in the PD and s-rTMS groups (all P<C0. 05); and the numbers were not significantly different between the s-rTMS and PD groups( P>
0.05). Correlation analysis showed a positive correlation between the count of TH-ir and BDNF-ir cells (+=0. 949, P<C0.01); and
positive correlation was also noted between the CD values of TH-ir and BDNF-ir cells (+=0. 880, P<C0. 01). Conclusion; It is suggested
that rTMS has protective effects on dopaminergic neurons in the SN of PD mice, and the mechanism might be related to the up-regula-
tion of BDNF expression.
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1.3 WARFAMRE EG—WHH 24 h 5,
SR I S 100 g/L K A S8 (40 mg/kg) Bk
figs, 2 22 SR HE A E TR K 30 ml.40 g/L £ &
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BEAH (D (B, [ B 00 5 R]— 3k U0 R b A R i i 4 £
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i BA G LT NS 41/ BRUC 5% 478 . B MPTP 800
Bl PD BRI 45 83, v TMS 8975 /N BUR 315
JiR 5 S H A L

2.2 SEASZKFEELR TH B4 a
BH P (tyrosine hydroxylase-immunoreactivity, TH-
i) g AN AN R AR B 0, NS 4 SNe X TH-ir
ML TR, SR B K B S IE W PD 4
1 s-rTMS 41 SNe X TH-ir 40 & CD {H ¥4
NS 4 ik 2> (P<<0. 01), M5 25 3%, 40 A 3
L 20 T DL A L SR A A 5 ' TMS AR B IX TH-ir
AT E K CD fE4 PD 41R s-r'TMS 21 B & 334 Jin
(P<C0.05) . 4l jg 4 (T8, 53 A1 5 %5 46 5 i 5 — 3% [
TREZS., FWLKE 1ML,

B 1 /MR SNe X TH & A4 (A-D)F0 BDNF &E AW (E-H) LR
Immunostaining result of TH-ir cells(A-D) and BDNF-ir cells(E-H) in SNc¢ of mice
ALE: NS group;B.F: PD group; C.G: s-rTMS group;D,H: rTMS group. Original magnification: X200

Fig 1

# 1 /MR SNe K TH-ir 18T % CD &b
Tab 1 Count and CD values of TH-ir cells and BDNF-ir cells in SN¢ of mice

(n=8,x*s)
Group T(;?gnt of Count of CD values of CD Val_ues of
-ir cells BDNF-ir cells TH-ir cells BDNF-ir cells
NS 71.88+4. 26 92.85+7.61 0.332140.036 0 0.318 040.022 4
PD 31.6743.35" 62.9945.97" * 0.219 6+0.018 2* * 0.279 340.022 0* *
st TMS 32.4543.31" 61.6346.61"* 0.225940.029 2** 0.284 240.019 5* *
rTMS 36.67+3.82* 4~ 70.20+6. 124 0.279 540.025 8* * & 0.306 940.020 34

** P<C0.01 ws NS group;~ P<C0. 05 vs PD or s-r'TMS group
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BDNF 4 2 i BH ¥ (BDNF immunoreactivi-
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3 it i

PD 193555 R e & ML AR o0 T 4 S AF ok 2
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SR Y EE RO A A R A 2 A A
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R 20 NTF, 36 R & 5 K 50 50 ¥ % B BDNF
fE A2 E P iR 22 0 B i 4 22 U B AT L 404k . Hy-
man R R IR 0 RGO £ B R Bl 28 o0 o A
BDNF, %52 2 16 W28 47 76 19 TH B M i 48 0 19 2
L, 45 Rk ¥ BDNF fE HHEAEH T 2 B ph £t
fEEH TH £k WA AP M, Wik, b
P B BDNF K3k al BB 23697 PD A ORIk 2

IEAE R v TMS 7E PD 697 H B4R FH R #2281
SRR IR RS 4T RN R T R 48 0T — B — A
J 5] 0 10 SR s A O RS 7 A Sy LA, PT DA 5 | ke
B J5 Je 50 83 Ak ) A 28 5T D% A ik el AR
Leone 28121 5 45 1 ] v TMS 597 PD B I 315 —
FEIT R LA G 3K — ¢ AR A W 5858 9 1 FH I K L AN B
BARB AT 0 8ORY B IHR T PD g AR B R
Wit . FLRLA AT A B A  DNA RNA A&
A5 R B | T M DA KR ) st A A e R AR
1k, Miller ZEM 58 & B, % K BRUAH X 28 3 K s (]
rTMS IS L H T A RLUR X BT BDNF mR-
NA FRIEWI &, KNSR LI r TMS fig
A E K B A B S A SN B2 St o-Fos Al BDNF 3%
ik HEN rTMS AL 3 75 3 o Fos 2 ik Sk g #E R4t
Mz 5 BDNF (1 263K , DT X6F Fili 451 58 %2 4 #ih 28 f
BN . Yukimasa 5V IR & PLADAR f 3 & 5d rTMS
IRYT AR JE I 3K BDNFE ok B B B Ik & . DL EBEoE

Pascual-

IR, v TMS AT G i 52 4 5 ik X p 28 6 19 3%
3 e BDNF B3R IK0M0 & e & /e, A
W58 & rTMS 3897 )5 PD /ML SNe X TH-ir 40 i
Wl %, g AR, B 6%, CD E W B % T PD
HAN s-rTMS 41, 4278 rTMS 1] 38 i BH 1 PD /) i
TR 22 1 i RE R 28 00 I R AT MR AR L R R 2 AR B
EM.

IEHAEOLT B2 MR & T T2 A
# BDNF A 70 F1 55 0 W . N SNe X 2 EL e fig
MZ TR A 74% B 40 % ik BDNF'Y,
0% BDNF mRNA 5 HZ K kB mRNA 3
1EF 2 B 2200 , 48 78 £ 5 e B 4 8 o0 T B AR &
BDNF 1 Ja) & & B 3K 15 78 3% S0 R, AFR K
MPTP £ PD /) i # SNe X BDNF & £ 58
NS 21 B B &A%, 328 16 MPTP £t PD /s BUBE BU77 15
BDNF $t =, rTMS J&i SNc X BDNF-ir 40 il i1 %%
LR Y& T PD 4 s-rTMS 2 (P<C0. 05) .
A4y B o B X TH-ir 5 BDNFE-ir 40 j 31 %k
R A A R RS B IEM L, R ' TMS 7] fE 2
PR T Ja i N PR BDNF 2K [ 10 38 1k, T 3 £
M RE R 200, 47 B T PD M A ThRERE &, R BD-
NF LAAN, 15 5 40 i 22 8 1 26 8 % B 7 (glial cell-
line derived neurotrophic factor , GDNF)™, i £
9% £-3 (neurotrophin-3, NT-3)"* &1, 5 TH Ik
FEF I SNe IR M4 35 X (VTA) £ M e BE #h &
TG Z BRI AT A B SRAE M . B, T AR 2
Ll NTFs 258 5 2 UM 20, r TMS & 15
ST HoAth NTFs. R 44 2 B R 68l 28 o0 4 75
ik — 2B 5% .

25 LTk AR 5T 45 WoR . r TMS 1] DL 3R
MPTP 2 PD /) AR % B i X BDNF 2 [ %1k, %
B rTMS ] 3l 1 {2 9F BDNF & 6 ifii A %4k 2% £
EL fie i et 22 00 14 R A7 1k AR A L AT & 4 4 22 1R b 4
.
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