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Effects of different courses of electrotherapy on learning, memory, and Notch signaling

in a mouse model of radiation-induced brain injury

LI Yanhui WU Xin WANG Tan WANG Baiyan ZHANG Han
NIU Tingyuan NIU Yuqi GAO Jianfeng
(College of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China)

ABSTRACT Herein, we investigated the effects of different courses of electroacupuncture on learning and
memory in mice with radiation-induced brain injury, and elucidated the underlying mechanisms. Sixty 4-week-old
male C57/BL6J mice were randomly divided into the blank group, model group, electroacupuncture group 1 (7 d),
electroacupuncture group 2 (14 d), electroacupuncture group 3 (21 d), and electroacupuncture group 4 (28 d). Except
the blank group, all groups were irradiated with X-ray (8 Gy, 2 min) to construct the radioactive brain injury model.
The electroacupuncture group was injected with "Baihui, " "Fengfu, " and bilateral "Shenshu" points, and the
intervention was performed for 7, 14, 21 and 28 days according to the groups, respectively. After electroacupuncture,
the Y-maze test was conducted to assess the learning and memory of mice in each group. Neuron morphology and
synaptic ultrastructure in the hippocampal DG region were observed via Hematoxylin-eosin staining and
transmission electron microscopy. Protein expression levels of the Notch signaling pathway components Notch 1,
Hes 1, and ASCL 1 were detected via Western blotting. The results revealed that, compared to those in the blank
group, the learning and memory function of mice decreased significantly in the model group (p<0.01). The number
of neurons in the hippocampal dentategyrus (DG) region decreased and their arrangement was disordered. The
number of synaptic vesicles in the presynaptic membrane decreased, the rate of synaptic interface decreased, the
thickness of the postsynaptic density (PSD) decreased, and the synaptic cleft increased significantly (p<0.01).
Compared to those of the model group, the learning and memory function of mice in electroacupuncture group was
significantly improved (p<0.05, p<0.01). In the electroacupuncture group, the number of neurons in the DG region
increased, with neurons neatly arranged. The rate of synaptic interface in the DG region improved significantly in all
groups (p<0.01), the PSD thickness of mice in groups 2, 3, and 4 was significantly increased (p<0.01), and the
synaptic cleft in groups 2, 3, and 4 was significantly decreased (p<0.01). Compared to the blank group, Notch 1 (p<
0.05) and Hes 1 (p<0.01) protein expressions were significantly increased in the model group, while ASCL 1 protein
expression was significantly decreased (p<0.01); compared those in the model group, the expressions of Notch 1 and
Hes 1 proteins in electroacupuncture groups 2, 3, and 4 were significantly decreased (p<0.05, p<0.01), and the
expression of ASCL 1 protein was significantly increased in electroacupuncture groups 3 and 4 (p<0.05 and p<0.01,
respectively ). In conclusion, different courses of electroacupuncture can ameliorate the damage in learning and
memory function caused by irradiation in mice, which is associated with improving the ultrastructure of synapses in
the DG region and regulating the expression of related proteins of the Notch signaling pathway.

KEYWORDS Radiation-induced brain injury, Electropuncture, Learning and memory, Notch signaling pathway
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Table 1 Effects of electroacupuncture intervention on learning and memory ability of mice with
radiation-induced brain injury (xts)

215 Group

R N f34) Alternate response score

7 12 Blank group
1 2H Model group
FLE 4 1 Electroacupuncture group 1
FE4H 2 Electroacupuncture group 2
FE4H 3 Electroacupuncture group 3
%40 4 Electroacupuncture group 4

0.934+0.06
0.33+0.05"
0.42+0.11°
0.60+0.06"
0.66+0.06"
0.73+£0.05"

W 5 AEMEL, "p<0.01; SEEBYHAALE, p<0.05,"p<0.01,

Note: Compared with blank group, “p< 0.01; compared with model group, ‘p < 0.05, “p < 0.01.

22 AEYTIZEF RS RSA N R ED DG
X T RASHIF T

28 0 3 TN o 22 2R G 45 ) R D) e Y 2 A
fro SEREERERNY], 2 E 4l RS X R E
(DG) HIMERAH I Z AT Sk 2%, )RR,
MRS R, M oT SN, S RTE T,
HAZ W] AR/ B I X0k IR [l A A 20 1 J= A

Mr S MR, AR, Y EANEIE, i AL A P
WK, WashE IR, TEERHN, MY
R, GEAAML, BEH 1M 20N RS X
VRIRE AR B2, (HHESI AL 4 ) Bk
HL A 2H 3 1 4 21 /) B S DX ok bR [ A 2 24 1 )22 4
WEMB TR, SRR, MR E%, e
TCERRR, AR, Z5HiEm, MKiE
B (ED.

050301-4



ZERMEE AT AR B USR03 A/ B 27 19012 D E 2 Noteh {5 538 % (K R21)

Bl AFESTRERE D B

DG X2 TC A I (<200 £, 47100 pum) ;7 K-25 F12H s M-I 2H 5 1 Week-HL4H4H 15

2 Week-HLAT2H 233 Week-HUE 21 354 Week-HLAT4 4 21 (1 k- A 145 5 35 20157 -2 e 1) BRL OF% €2 DL TX 245 Flt)
Fig.1 Effects of different courses of electricity on the morphology of neurons in the hippocampus DG region of mice (x200 times,
scale 100 um); note: K-blank group; M-model group; 1 Week-electroacupuncture group 1; 2 Week-electroacupuncture group 2;
3 Week-electroacupuncture group 3; 4 Week-electroacupuncture group 4; red arrow-cell shrinkage; blue arrow-intercellular space
(color online)
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il AR A RE T E Cp<0.01), HEH2, 3
A1 4 ) PSD & & 5 # RS 2 A L B 3 3 (Tp<
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Fig.2 Effects of different courses of electrotherapy on synaptic structure in the DG region of mice hippocampus
(x 30 000 times, scale 500 nm); note: red arrow: synaptic vesicles, blue arrow: PSD (color online)
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K2 AFITEREAN/NRIED DG X RAh LR

Table 2 Effects of different courses of electrotherapy on synaptic structure of hippocampal DG region of mice (x=*s)

415 PN EITES PSD JZ % / nm SR 8] B / nm
Groups Synaptic interface rate PSD thickness Synaptic cleft
7* 141 Blank group 1.21+0.02 74.01+1.78 15.61+0.61
% 7= 2H Model group .98+0. .8343. .05+3.
FE 20 Model 0.98+0.01" 38.83+3.70™ 33.0543.03"
K ectroacupuncture group .09=+0. 08+2. RRES
HLEHZE 1 E 1 1.09+0.01" 43.08+2.34 30.53+1.05
FLE14H 2 Electroacupuncture group 2 1.11£0.01" 52.13+2.22" 27.16£0.92
L4 ectroacupuncture grou 13+0. JT0£2. 20=+1.
HA14 3 El p group 3 1.13+0.13" 60.70+2.48" 21.20+1.67"
F412 4 Electroacupuncture group 4 1.19+0.02™ 68.38+2.90™ 17.50+1.80"

. 5 AL, p<0.01; SR, p<0.05,"p<0.01.
Note: compared with blank group, “p < 0.01; compared with model group, ‘p < 0.05, “p< 0.01.

24 A EYTIRBESTXMSTMERIRGNEEDEDG 3. 4K/ S DG X Notch 18 H £ ik 5 P
[X Notch 1,Hes 1. ASCL 1 E B &AM (p<0.05, "p<0.01); S5 HAAMEL, BAIH /N

Notch & 5 A fE M2 R e ey o | BFIRBLHTIE Cp<0.0D), SEORALH
B B e R R o b o0, L BEFT UM Hes 1 RB RBII AR T

BB, ol Tt — R & 4 B T DG X Noteh 1 FHIBEHAL2 SRI4BFET Cpe0.05, “p<
S U . 90 4 S 0.01); H5FA4IAHLL, HAMHASCL1EHERLE
SR, BUEALNE Notch 1 BB E o I (p<005), MEFFHAAASCL 1&HAR
FE Cpe005), HSHRMAAL, et TRes o NFEREER, SRt fe 8

Notch 1 & [ A FRFE R, Hofppmo, (2005 "p<0.0D (&3, K3,

R3 FRATFEELX/NEED DG X Notchl.Hes1.ASCL1 & B RIA/KF KM
Table 3 Different courses of electricity in mice hippocampal DG Notchl, Hes1, ASCL1

protein expression level of influence (x*s)

2H 51 Groups Notch 1/B-actin Hes 1/B-actin ASCL 1/B-actin

%% 141 Blank group 0384012 0.65£0.39 1.66+0.43

R 2 Model group 1.02+0.39" 1.60+0.26" 0.69+0.47*

H%F2H 1 Electroacupuncture group 1 0.76+0.27 1.23+0.18 1.08+0.25

FLEF4 2 Electroacupuncture group 2 0.61+0.22° 1.03+0.25" 1.21+0.36

FLE4H 3 Electroacupuncture group 3 0.39+0.11" 0.74+0.31" 1.53£0.217

Hi%12H 4 Electroacupuncture group 4 0.39+0.11" 0.67+0.24" 1.66+£0.317

e SEAHMLE, "p<0.01; SEAAAM L, p<0.05,"p<0.01.
Note: compared with blank group, “p < 0.01; compared with model group, *p < 0.05, **p< 0.01.

K M 1 Week 2 Week 3 Week 4 Week

ASCL1 — e — 251

B-actin - —— ——— 42 k]

B3 A[EYT A /N RIS T DG X Noteh 1.Hes 1.ASCL 1 8 13814 (1721
Fig.3 Effects of different courses of electrotherapy on the expression of Notch 1, Hes 1, and ASCL 1 proteins in
the DG region of the hippocampus of mice
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