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Effects of electroacupuncture with different courses on the synaptic structure

and synaptic function-related proteins in mice with radiation-induced brain injury

WU Xin, LI Yan-Hui, ZHANG Wen-Jing, ZHANG Song-Jiang, GAO Jian-Feng’
School of Basic Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China

Abstract: The aim of the present study was to investigate the effects of different courses of electroacupuncture on synaptic structure
and synaptic function-related proteins expression in the hippocampal CA1 region of radiation-induced brain injury mice. Sixty
C57BL/6J male mice were randomly divided into control group, radiation-induced brain injury model group, 1-week electroacupunc-
ture group (EA1), 2-week electroacupuncture group (EA2), 3-week electroacupuncture group (EA3), and electroacupuncture-control
(EA-Ctrl) group. The mice in model group were exposed to X-ray irradiation (8 Gy, 10 min) to establish radiation-induced brain injury
model. The mice in EA groups were acupunctured at electroacupuncture points (Baihui, Fengfu and bilateral Shenshu) for 1 week, 2

weeks and 3 weeks respectively after radiation. Immunohistochemistry was used to observe synaptic structure in hippocampal CA1
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region. The expressions of brain-derived neurotrophic factor (BDNF), synapsin-1 and postsynaptic density 95 (PSD95) in the hippo-
campal CAL1 region of each group were detected by RT-PCR and Western blotting. The results showed that the nuclear gap in model
and EA-Ctrl groups was significantly decreased compared to control group, however nucleus to cytoplasm ratio was significantly
increased. The synaptic cleft, postsynaptic density (PSD) thickness, the mitochondrial surface density, volume density and specific
surface area were significantly reduced. Compared with model group, the nucleus to cytoplasm ratio of EA2 group was significantly
decreased, the PSD thickness and mitochondrial volume density were significantly increased; the nuclear gap of EA3 group was
significantly increased, nucleus to cytoplasm ratio was significantly decreased, synaptic cleft and PSD thickness were significantly
increased, and the mitochondrial surface density and specific surface area were all increased significantly. In addition, compared with
the control group, the gene and protein expressions of BDNF, synapsin-1 and PSD95 in the hippocampal CA1 region of the model
group and EA-Ctrl group were significantly decreased. However, compared with the model group, the gene expression of synapsin-1
in EA groups was significantly up-regulated, the gene expression of BDNF in EA1 and EA2 groups was significantly up-regulated,
and the gene expression of PSD95 in EA2 group was significantly up-regulated. Moreover, the protein expressions of BDNF,
synapsin-1 and PSD95 of EA groups were significantly up-regulated compared with the model group. These results indicate that the
synaptic structure and the expression of synaptic function-related proteins in hippocampal CA1 region were injured by radiation exposure,

whereas electroacupuncture intervention can significantly improve the synaptic structure and function damage caused by radiation.
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Fig. 1. The diagram of synapse structure in the hippocampal CA1 region of each group of mice. Model group: radiation-induced brain
injury model group; EA1: 1-week electroacupuncture group; EA2: 2-week electroacupuncture group; EA3: 3-week electroacupuncture
group; EA-Ctrl: electroacupuncture-control group. The arrow marks indicate the typical synaptic structure. Scale bar, 500 nm.
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Table 1. The ratio of nucleus to cytoplasm and nuclear gap in the hippocampal CA1 region of each group of mice

Groups n Nuclear gap (nm) Ratio of nucleus to cytoplasm
Control 30 61.14 + 8.63 0.37+0.07

Model 30 38.71 +7.75" 1.59+0.26™

EAl 30 33.78 £4.63 1.57+0.96

EA2 30 42.33+£422 0.85+0.39"

EA3 30 53.33 + 4.50" 0.63 + 0.24"

EA-Ctrl 30 37.75+8.64"" 1.15+0.40”

Hrkk

Mean = SEM. “P<0.01, ™" P < 0.0001 vs control group; “P < 0.05, P < 0.01 vs model group; “P < 0.05 vs EA1 group.

k2. &M RiELCAL R RAR A 1 #=PSD /2 B
Table 2. The synaptic cleft and postsynaptic density (PSD) thickness in the hippocampal CA1 region of each group of mice

Groups n Synaptic cleft (nm) PSD thickness (nm)
Control 30 25.51 £3.56 18.90 + 7.46

Model 30 19.34 +5.29™ 11.37 +5.03"

EAL 30 22.30 +5.62 16.01 +3.17

EA2 30 20.24 +4.81 18.91 + 4.06"

EA3 30 3271 £ 555"k 29.63 + 420"«
EA-Ctrl 30 2024 +3.617 12.05 + 5.46"

Mean + SEM. "P < 0.05, P < 0.01 vs control group; “P < 0.05, “*P < 0.0001 vs model group; ““P < 0.01, ““*P < 0.001 vs EAl &

EA2 groups.
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Table 3. The mitochondrial surface density (Symit), volume density (V,mit) and specific surface area (§mit) in the hippocampal CA1

region of each group of mice

Groups n Symit Vymit dmit

Control 30 1.53+£0.12 0.007+ 0.0006 26.86 +4.20
Model 30 0.65+0.10™" 0.003 + 0.0003" 11.28 +1.64™
EAI 30 0.73 £ 0.20 0.004 = 0.0002 16.02 +£2.72
EA2 30 0.84 +0.09 0.007 + 0.0013%«* 19.10 +2.90
EA3 30 1.26 £ 0.09 0.004 + 0.0002 29.85 + 4.00"
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Hkk

Mean + SEM. P < 0.05, "P < 0.01, P < 0.001,
groups, ““P<0.01 vs EA1 & EA3 groups.
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Fig. 2. The effects of different courses of electroacupuncture on
the BDNF, synapsin-1 and PSD95 gene expression in the hippo-
campal CA1 region of mice. 4: Quantitative real time-PCR of
mRNA expression of BDNF. B: Quantitative real time-PCR of
mRNA expression of synapsin-1. C: Quantitative real time-PCR
of mRNA expression of PSD95. Mean + SEM, n = 4, ‘P <0.05,
“P < 0.01 vs control group; P < 0.05, *P < 0.01 model group;
“P<0.05 vs EAl & EA3 groups.
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Fig. 3. The effects of different courses of electroacupuncture
on the BDNF, synapsin-1 and PSD95 protein expression in the
hippocampal CA1 region of mice. 4: Western blotting bands for
BDNF protein expression of mice, and quantitative analysis of
the protein expression of BDNF of mice. B: Western blotting
bands for synapsin-1 protein expression of mice, and quantita-
tive analysis of the protein expression of synapsin-1 of mice. C:
Western blotting bands for PSD95 protein expression of mice,
and quantitative analysis of the protein expression of PSD95
of mice. Mean + SEM, n =4, "P < 0.05, P < 0.01 vs control
group; “P < 0.05, P < 0.01 vs model group.
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BRI R S5 A7 AR R i B A RIA IR .
FEHIE synapsin-1 7E#F 5 X KRERIE, HEKIEKFP
5515 5 X G546 1 B DA 5% fink Dy e T S8V 25 ) AH G,
HHAER IR IS MPEE TR, 2= >0eizid
FErh R ERETER " tah, hEREY
F 25042 3 /) BRI &5 CA1 A CA3 [X synapsin-1 [¥]
FEIA AT AT ) 45 J LSO R (R RE IR MY AR T 4h
AW, TN 2B 5 /N B S CAL X synapsin-1
B R A RIABRE T, AT AR (1
2 A3 R ) e TS, iZIIRERNIX synapsin-1
HEH R A RIAY R i, PSD9S & RAh—H S
RS IR H VMR E AR, &SRR
JBRH— b, PSDYS5 w5 HAME A EAEHZ S
AR S 4EFE . A BT R IS A R R
e 2 5 5 il 5 & ek /> B ) AH O¢, 17 PSD95 3£
KD 2 5 B0 AR & 21 e 42 SO En D fg
Beg U2 AR TE 45 AR, U 2R IR R A N R
CAl [X PSD95 %t [ e it 1 R IE KT |35 N FE, 4
THEFIU B 2 A3 ) o] A [EFE R
ZHE A FIA. A, BDNF 2 —F 4 0 & il
AU BN BB R B IR N, B A E IR R
ERH, R4 nmAaK. KBS RMIAE T
PR AR ERN AR . FikiE, 471
BDNF n] LU SR AE TR, FF 2t 240 R bt
BB RIVRE . A I 5T 2 I A B B AR A
TAMEYEZS T BDNF e R = #1145 I synapsin-1
HEMRIEE, S H T HObE RIS B P2 adin
e U AR TS R, BUR LIRS NS
CAl [X BDNF £ i HRIEEE T, A TAR
JTFEHLER A TG, BDNF B2 R )2 & 3R IA K
SRR R S, e A 2 A SR
3. A HFIE synapsin-1 7] LL{E Y BDNF 15 5
TR I RN A, R AR R 4R RE R ik 435 ) A0 1) e
(Rroe B, AT AL 21 4 fF 5 fik 45 M T g v 1 R 1
WA FIRIE, HMEES T 24 KR BDNF 7] DL
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FOCE N ThBE RS S kT 2 U ARHF T4 R
B, HERURL TS % 21/ B D [X BDNF Al
synapsin-1 {5 8 J2 8 (K3 L B, Bk
UL, TR 4 HE S R /N BRI B X S Ak 3 e AH
F#E [ BDNF. synapsin-1 DL}z PSD95 [R5 /K,
NI NEEAR /K S5 5 23 1) 2 S A2 D e A A . i
U T AN AT RN T, R BLE I R
CA1 [X BDNF. synapsin-1 fl PSD95 & (4L /KT,
TS 3 D438 2 ik D B AN 2 TR 2 T BE IR

gx BRI, RN ISR B D CAL X
fink B A5k 45 A4 R THRE T ¥E 1, AT 5 B0 ki g 1 A1
SR ThRE R E, 45 T AR RE FET S T AT
AR/ RIED CAL X 55 fih 2h 8 35 U1 A 5% (1)
BDNF. synapsin-1 1 PSD95 & 4 f] % ik /KF, W&
R LR HR S BT S B BRI E R . AR T A
Il PR B R F E T B V6 TRO PR B A5 A R AL T SR
J B AR o
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