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Effects of electromagnetic stimulation on neurogenesis and
neuronal proliferation in rat hippocampal slice culture

Deok-Soo Kim, M.D., Eung Sang Choi, M.D.” and Soo Ahn Chae, M.D."

Department of Pediatrics, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine,
Department of Pediatrics’, College of Medicine, Chung-Ang University, Seoul, Korea

Purpose : Transcranial electromagnetic stimulation(TMS) is a noninvasive method which stimulates
the central nervous system through pulsed magnetic fields without direct effect on the neurons. Al-
though the neurobiologic mechanisms of magnetic stimulation are unknown, the effects on the brain
are variable according to the diverse stimulation protocols. This study aims to observe the effect of
the magnetic stimulation with two different stimulation methods on the cultured hippocampal slices.
Methods : We obtained brains from 8-days-old Spague-Dawley rats and dissected the hippocampal
tissue under the microscope. Then we chopped the tissue into 450 ym thickness slices and cultured
the hippocampal tissue by Stoppini’s method. We divided the inserts, which contained five healthy
cultured hippocampal slices respectively, into magnetic stimulation groups and a control group. To
compare the different effects according to the frequency of magnetic stimulation, stimulation was
done every three days from five days in vitro at 0.67 Hz in the low stimulation group and at 50 Hz
in the high stimulation group. After N-methyl-D-aspartate exposure to the hippocampal slices at 14
days in vitro, magnetic stimulation was done every three days in one and was not done in another
group. To evaluate the neuronal activity after magnetic stimulation, the NeuN/ S -actin ratio was
calculated after western blotting in each group.

Results : The expression of NeuN in the magnetic stimulation group was stronger than that of the
control group, especially in the high frequency stimulation group. After N-methyl-D-aspartate expo-
sure to hippocampal slices, the expression of NeuN in the magnetic stimulation group was similar to
that of the control group, whereas the expression in the magnetic non-stimulation group was lower
than that of the control group.

Conclusion : We suggest that magnetic stimulation increases the neuronal activity in cultured hippo-
camal slices, in proportion to the stimulating frequency, and has a neuroprotective effect on neuronal
damage. (Korean ] Pediatr 2006;49:558-564)

Key Words : Electromagnetic stimulation, Hippocampal slice culture, NeuN expression, N-methyl-D-
aspartate
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A% 8dw A38F(Sprague-Dawley rats)?l F3& <3
2 A5 T &4 glo]l mEA gxHE HESAL HE% o
HE 430 YR petri dish® &3 F ZF dissection media

(GBSS; Gey's balanced salt solution)Z HZ 3 % dissec-
tion microscopedtoll Al  FZE  dvl HE EESIL  tissue
chopperg ©]-&3te] 450 ym FAZ AL wWEJLE o] Fol
Al el e & ZHETs A9Ete 36TC9 Gahwiler's
media[50% basal media eagle, 25% Hank's balanced salt
solution(HBSS, Gibco/BRL Life Technologies, USA), 25%
heat inactivated horse serum, 6.5 mg/mL D-glucose, 1 mM
glutamine, pH 7.3] 1 mL7}F ©7% 6 well plates®] porous
membrane inserts (30 mm diameter, Millicell-CM)& % ZlT}.
1709 insertell= 5-670¢] aint HAS YAAA Frh
HAHo] B0l 6 well platesE 36C2 humidified CO; in-
cubator®] 4] HH"EEP"’ 3gntet vl s wete) FHA afint 2
2ol AE o RE FotatArk(Fig. 1). ©] 2E 7
tal flow hoodoﬂ/ﬂ A 7O R Al E QLT
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Fig. 1. This shows an organotypic slice culture of rat hippo-
campus at 6 days in vitro(light microscope, *x50). This was
prepared from 8-day-old rat pup. The dissection of hippocam-
pus was done soon after sacrifice and the hippocampal slices
were transferred to COy incubator. CAl :cornu ammonis 1,
CAZ2: cornu ammonis 2, DG : dentate gyrus.
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4. NeuN CHelf dbs
NeuN @ @S #Zatr] A3 wig Al 239 =28 <
o]2 MeEste] lysis buffer[120 mM NaCl, 40 mM Tris(pH
8.0), 0.1% NP40] A €l¢} sonication IS A ©ldS F
=3 T3, 595 nm Il A Bio-Rad protein assay kit(Brad-
ford A E o83l FEE F43aL, 20 ug HNZE S load-
ingdtel SDS-PAGE°IA #2]8t ¥ transfer buffer[25 mM
Tris, 192 mM Glycine, 20%(v/v) methanol(pH 8.3)]°lA]
nitrocellulose membrane(Amersham) 22 ] A|#A  western
blottingS AA3F3th 0.1% ponceau S(Sigma)E FA3te] o
wo] Av|YE AEHE #Esa, PBS(phosphate buffered
saline, pH 8.0)% <olg ¥ Ao ponceau SE AIASAT
Membranes 5% non fat dry skim milk”} *3%t¥ PBS-T
(PBS® 0.2% tween—20 37H<] blocking bufferol] ¥o] 1A13F
3 WEEAIZ T NeuN W) 23S dolw ] 9fs A (Che-
micon, USA)E 1:1,00022 3Aete] 4AF wkgAIZl
PBS-TZ 20&% Al ¥ AlFsta, 1:2,00022 3]43 HRP-
conjugated secondary antibody(DAKO, USA)9} 1A17F BEE-A]
71 % enhanced chemiluminescence system< ©]-&3&}o] g
H dAS #AFSTE f-actin @] HHS dolEy] 93
A 1:500022 3843 mouse anti-actin antibody(Sigma,
Korea)s dAFA=Z, olx&gA == 1:300022 343 HRP-

conjugated antimouse-IgG antibody (DAKO, USA)E A}&-3}
9l Scion Image (Beta 4.02 version)g ©]&3te] Z+
NeuN# B-actin @#e] band®] densitometry #*< 3F
B -actin®l W NeuN FE°] HE T3}t
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B -actin

ch} o gol] gk NeuN w9 el WlE ekl 7h el
Haakgl S o, ot 1.01+0.27, 259 A 1.2740.17, A
T AFT 11250142 BEEglon, txde] Hs) vt

Aol A9l NeuN ©) @3 o] nj7p BAHo2 ou|dA ZF
7hEle] Qo AFu AFel A= vzt Bl BAA o
2 9= I tk(Fig. 3).
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Fig. 2. These findings are the results of western blotting in
the high frequency and the low frequency stimulation group.
Three bands mean g -actin(broken arrow) and two NeuN
bands of 66 kDa and 48 kDa(line arrows). The NeuN bands of
the high frequency magnetic stimulation group (B) are broader
than those of the low frequency magnetic stimulation group
(C) or the control group (A).
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Fig. 3. NeuN/ B -actin ratio of each group is as follows; con-
trol group (A), high frequency magnetic stimulation group (B)
and low frequency magnetic stimulation group (C). The ratio
of the high frequency magnetic stimulation group(B; 1.27=+
0.17) is higher than that of the control group(A; 1.01+0.27)
(P=0.036). The ratio of the low frequency magnetic stimulation
group(C; 1.12%0.14) is also higher than that of the control
group, but the difference is not statistically significant(P=
0.190).
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Fig. 4. These findings are the results of western blotting in
the magnetic stimulation and the magnetic non-stimulation
group after the exposure to NMDA. This shows three bands;
B -actin(broken arrow) and two NeuN bands of 66 kDa and
48 kDa(line arrows). The NeuN bands of the magnetic stim-
ulation group after NMDA exposure (B) are broader than
those of the non-magnetic stimulation group after NMDA ex-
posure (C). The bands of both groups are thinner than those
of the control group (A).
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Fig. 5. NeuN/ S -actin ratio of each group is as follows; con-
trol group (A), magnetic stimulation group (B) and magnetic
non-stimulation group (C) after NMDA exposure. The ratios
of two groups after NMDA exposure(B; 1.15%0.27, C; 0.92=*
0.09) are lower than that of the control group(A; 1.26+0.04).
The difference between A and C is statistically significant(P=
0.006), whereas the difference between A and B is not signifi-
cant(P=0.138).
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