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Effect of electroacupuncture stimulation on apoptosis of nerve cells in a rat model of
spinal cord contusion

Abstract
BACKGROUND: Electroacupuncture has promoting effects on the functional recovery of the injured spinal cord,
can decrease pain, and elevate postoperative effect after acute spinal cord contusion.
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73 H110%7K 75 U (350 mg/kg) HE s v 5 IR o A M K
BUE E LR SE I T 6 b, B 4 B 5 4% a5 1)
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OBJECTIVE: To observe the effect of electroacupuncture on apoptosis in the injured site after spinal cord
contusion, and analyze its neuroprotective effects on neurological function in rats with spinal cord contusion.
METHODS: A total of 66 adult female Sprague-Dawley rats were randomly divided into: sham surgery group
(n=20), spinal cord contusion group (n=20), electroacupuncture stimulation group (n=20) because six rats were
excluded due to modeling failure and death. Before model establishment, at 1, 3 days, 1, 2, 3 and 4 weeks after
model establishment, motor functions were evaluated by BBB score and the inclined plate test. At 3 days after
model establishment, apoptosis of nerve cells could be detected in the site of injury in each experimental group
using TUNEL assay. mRNA and protein expression of bax, bcl-2 and caspase-3 was detected surrounding the
injury site using RT-PCR and western blot assay. Morphological changes in the site of injury could be observed
using hematoxylin-eosin staining. The regeneration of nerve fibers was observed using HRP tracing.

RESULTS AND CONCLUSION: (1) Motor function score was significantly increased at various time points in the
2" week of treatment in the electroacupuncture stimulation group than in the spinal cord contusion group (P <
0.05). (2) Apoptotic index was significantly lower in the electroacupuncture stimulation group than in the spinal cord
contusion group at 3 days after model establishment (P < 0.05). (3) mRNA and protein expression of bax and
caspase-3 was significantly lower in the electroacupuncture stimulation group than in the spinal cord contusion group
at 72 hours (P < 0.05); bcl-2 gene and protein expression was significantly higher (P < 0.05). (4) The number of
HRP-positive nerve fibers was highest in the sham surgery group, followed by electroacupuncture stimulation group,
and lowest in the spinal cord contusion group at 4 weeks (P < 0.05). Results indicated that electroacupuncture plays a
protective role on the spinal cord contusion by reducing apoptosis of nerve cells at the site of injury.

Cite this article: Liu JM, Wang FC, Zhou YJ, Mu L, Hou SK, Hao LN, Zhang ZT. Effect of electroacupuncture
stimulation on apoptosis of nerve cells in a rat model of spinal cord contusion. Zhongguo Zuzhi Gongcheng
Yanijiu. 2016;20(5):616-621.
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[ERoche /s AR A G WA E . fFKib. 37 ‘C4&A4F R AMK
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1.7 RT-PCR#&M 3% K MAEIERE3 dBHLAIEG L, B
KA BERAT X B BE 2150 mg,  LATrizolid W -k EL
PP EARNA,  SRNAS Sl 2 R RN O RETHE,
FIRT-PCRW 2 1= 71 £ (TaKaRa 2 7)) mRNA Sz 8 55 %,
cDNA, % Fi¥cDNATTPCRY ., LA R 514 W1,
Bcl-2. BaxfliCaspase-35| ¥ #it Genebank %t £, i H]
primer 5.05 | Yt BAFf € &5 1Y), SR)5 & BlastILiy,
AR TAYA A A . B 36 =47 vk, HIK
48 JLm I B U AT RRIEATIO G 40 #r, 15 Bcl-2,
Bax, Caspase-35GAPDHIIWGEFR > IELAE, 15N
bcl-2, bax, caspase-3 mMRNAZRILKFEHF.
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Table 1 Primer sequences

514 gl e/ SEREI

(bp) W

bcl-2 _1i#5-TGAACC GGC ATC TGC ACA C-3' 115 56 C
Fi#5'-CGT CTT CAG AGA CAG CCA GGA G-3

caspase-3 _[ii#5-AGA GCT GGA CTG CGG TATTGAG-3' 148 56 'C
Mi#5-GAACCATGA CCC GTC CCTTG-3'

bax [-3}#5'-ACA CCT GAG CTGACC TTG GA-3' 133 56 'C
Fi#5'-CCG TGT CCA CGT CAG CAATC-3'

GAPDH i 5-ATC TTC CAG GAG CGA GAT-3' 248 56 C

Mt 5-TAAGCAGTT GGT GGT GCA-3’

1.8 Western Blot# | RT-PCR#Z 5 I & ¥ &
1500 r/min B30 minjg, B _EiE Mk A E =, Bradford
N SR EEE . 5%K4i)1R40 VAiTEL h, 10%77 &5
K60 VIHE3.5 h, 14 VIHIEL4 h, 37 CREKE M2 h,
PEME10 min, 3¢k, fbtilbifsBax. Bel-28(1 : 800)4 C
W B GAPDH(L : 1 000)4 ‘Cid % . TBSTHEES minx
A, IPERT R BUAL @ 700, 37 CHEAITE 1.5 h, TBST ¥t
5 minx4¥X, FRXIEFHTBSEE10 min/iDABR(f, %
Quantity one B BEAT 43 #1957, Bax. Bcl-2F1Caspase-3
L GAPDHIR K FER 53 1K ELAB E4T 4047, /E A Bax. BCL-2.
Caspase-3%& [13RiA 1 & .

19 HAM-PaRs GEJE4AH, BFEARL. HhEHs
A, AT R AR & AR AES UK R, BUMAT SR ARt 4r
Yett, PRRLH10% K A &I 350 mg/kg BRI & i i i,
FEO IR RO T, W T A, B R A0
Ja S AR ER KPP e, TELL40 /L B HEER e S, sl
HOICHR A X AT REZH S, I A A BE AL 21401 em,

CTERBJE K JEAT B BEI AT D) v, JEEEA20 um,

IIAKE-PA G HARKEREE minfg, 2 A RKIPTE,

R O A610 s, PR ESRAKIEELO min, LR
7min, FSRKVESS, DABRE SREK, TR FIRIEN,
LA A J 3 2] o

1.10 %Ak eF% SEE4RE, AR KE#HRP.
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FEABENLANIE KB, 7RIS AR IR, £L0.1 pl/
10 minf{ I A 50% HRP 1 pL, 34565 5 B %15 min.
T EMER T R E KA. AL mmAbiber, SEEHREE
1.5 mm. 1FE3 d. TEKEEIERRIE T, 40 g/LifZ R H
WEOMERET:, JF HIUH T T A8, B A30%I0K4 CREFE %
20 hJE HERS um kD), TIDAB ISR G (k. 1
HOEEE NS HRP P 2 4T 4 o8 H A B BaRE U w1,
BRI R BELAIE 105K D) Fr EAT £ 2 o BH PR T2
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FIRIEEE R . @OFBEAHLURIZN . OHRPHATHZ R
ERo

1.12 A% 5%t % o4 @illmage-ProPlus 6.0%
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2 %R Results

2.1 BERFFHMEE AL HEERIISDARE0H,
oy R34, SIS R, A NG R 1)
Pr A WL L.

. 20 HEAG
i 7120 2
o 1k P
thf i — s | [shnsn | o no
) i 4120 R i 5 A YR
KR
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T ”
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E 1 #EEHEHEEHER G KRR NEETREE
Figure 1 Flow chart of establishing a rat model of spinal cord
contusion

22 EHFHEITELER  ERGETTA K RKBBBYE . R
I Z R LB EER X (P >0.05). HEMHIEAIT R, HEF
P 250 PE 53 A0 &I TA) i QS5 1-48]) BoE Rl 1 41 48
HIEIEm, ZERAEEMNE (P <0.05). 3WIFA{EiEkE
-4 AR TFARAMG, Z=RAEEER (P <0.05). H.i&2.
2.3 TUNEL#& 40t 45 R I T2 20 40 i 1 40 it
P T AR e R v R, BRI T4 A TR
AHERAIX, B DGR ] WA T RHYEZE . TUNELIED
E, FEFRNAL, e A 23U B AR RN R E T 40
$7(12.63+3.29) W] v /b T 45 HE #4 1) 41 (28.7815.69)(P <
0.05), fBFARLAILIHT-41/(0.00+£0.00) . E 2.

2.4 Bax. Bcl-2. Caspase-3 mRNA# kL4 R HR
(B3, F3)WANMAMEHERET72 h, HEHIBA R0
XA HE4H 4 Bax. Caspase-3 mMRNARZE L & THTFA4,
Bcl-2 mMRNARIFRIAE TR TF AR, ZRrABEERENP <
0.05); IEMIET72 h, 5FFHERA LA LU 28 45 1l v B R I
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2 HAKXR BBBIEHMEHIRIELER (x£s, n=9)
Table 2 BBB score and the inclined plate test results in rats of each group
4159 BT R
1d 3d 1 2/ 3/ 45
BBB4
a2 21.00+0.00 0.00+0.00 1.26+0.04 2.63+0.58 8.39+1.31 11.14+1.09 13.5620.39
2 21.00+0.00 0.00£0.00 2.38+0.11 3.80+1.04 10.42+1.63 12.98+1.40 15.28+0.14
BHFARA 21.00+0.00 18.91+0.06 20.29+0.17 20.85+0.16 21.00+0.00 21.00£0.02 21.00+0.00
RHIRE (%)
HREAAL AL 42.50+3.38 15.61+1.60 16.41+1.47 21.71£2.14 22.79+2.37 26.21+2.33 28.27+1.23
2 42.50+2.27 16.82+2.24 18.69+1.81 24.55+2.23 30.12+2.82 34.56+2.48 38.49+2.15
BTFARA 42.50+2.43 40.16%2.32 41.31£2.29 42.40+2.39 42.51+2.06 42.52+1.79 42.45+1.30

RIE: R RISAL 2 DIPEAE 2 JERTR 1-4 R HE O LA RN .

£ 3 BAARLELERGEX bax. bel-2. caspase-3 £ERIEIFR
(xts, n=5, AHXFiki)

Table 3 bax, bcl-2 and Caspase-3 gene expression in the site of

R4 BAARLEIERGEX Bax. Bel-2. Caspase-3 EEFRIEER
(xts, n=5, A FRikH)

Table 4 Bax, Bcl-2 and Caspase-3 protein expression in the site of

injury of rats in each group injury of rats in each group

A5 bax bel-2 caspase-3 ZH 51 Bax Bcl-2 Caspase-3
HE i 2.92+0.36 0.22+0.07 2.71+0.34 a4 3.82+0.39 0.28+0.08 2.71£0.36
B A 1.34+0.21° 0.43+0.13° 1.52+0.27° Gika el 1.32+0.25 0.430.15% 1.47+0.27°
BTAR4L 0.87+0.13 0.85+0.26 0.89+0.15 T AR 0.92+0.16 0.90+0.23 0.87+0.15

FeyE: EHUE 72 h, SAFREMGAUN LS B AL 141 Bax. Caspase-3 &
P BERAL: Bel-2 B RIE B T, HIb 2 4, *P<0.05.

Feik: EBUS 72 h, 5EBEHR0 4 L4 G B ALl B4l bax. caspase-3
MRNA [f12635 B AT, bel-2 mRNA [k B . 5D 2 4,
%P < 0.05.

a4

Rl TR

bax

caspase-3

bcl-2

B 2 TUNEL #il&40 X B & BEH 15 X 4 AR 8 T (x200)

Figure 2 Apoptosis in the site of injury in rats of each group using
TUNEL assay (x200)

Bl 18 A A BEM G AL T (R Sk T ER): B g BT RIS PR T
MR C AT ARLLAR W40 .

GAPDH

B3 KEKRREUERGX bax. bel-2. caspase-3 mRNA HyFik

Figure 3 bax, bcl-2 and Caspase-3 mRNA expression in the injury

site of rats from each group

Plid: 5 72 h, SR AU L2 8B AR AL bax.
Bax caspase-3 mRNA )ik B #1%:  bel-2 mRNA Rk BE T m .

BG4 R ETARY

Caspase-3

Bcl-2

B 5 ®BAXREFERGXHEBENL(x40)

Figure 5 Pathological changes in the site of injury of rats from
each group (x40)

FVE: 18 A IR T ARAGREALR G W e 4, R WA IR S
TCITZ(FF KR IE A HE41Z0); B Jy ARl v WAF AL VB0 i
2, AFHEEIREUN, M TCRPE (R Sk FiB o TR 5E); C b
A 5 4R B 1 X ARG AR T LA IR T (7 Sk g R s o
LICIIE).

GAPDH

B4 SHEKXREHIRGEX Bax, Bel-2, Caspase-3 EEFRIE
Figure 4 Bax, Bcl-2 and Caspase-3 protein expression in the
injury site of rats from each group

BlE: ERE 72 h, SAFREHEOTHEAN L AT BE BRI A Bax.
Caspase-3 E %L BEERHFMEP < 0.05); Bcl-2 HEAMFKIELH
FFE(P < 0.05).
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6 HBHEHARBEPWHRG X HRP HEITHHLTER(ET k8 HRP [RIEL
#, x200)

Figure 6 HRP retrograde nerve tracing in the site of spinal cord
injury in rats of each group (arrows show the number of
HRP-positive fibers, x200)

Bl B A ABRTFARAL: B ALl C AFHEMYI4l.

/lbax. caspase-3 MRNAJF) £ IA i 3 [#{K (P < 0.05); bel-2
MRNA[ %1k 5 2T (P < 0.05).

2.5 Bax. Bcl-2. Caspase-3& @t kit 4G (B4, F
A TR KRB BEERET2 h, EEF T 3 105 X A BE 4
#lBax. Caspase-3# WK IAF TRTF A4, Bel-2&H
MRS T TR, 2574 W& MR (P <0.05); il
JE72 h, 55 a4 40 L 2 5 B8 AT i 4l Bax .
Caspase-3% F M 3RI1E B K (P < 0.05); Bel-281 H MK
EEFFEP <0.05).

26 AMArAERMA KEEHEHGIER 4, e
T, AR A R0 X ARG R, ] DS
TER, KEMMEITTING. HEHITAE G REM A X AR N
B, FHETIECN, AT A TRt BT ARAH
WEL 2G5 M SE BEE I, R WA 0 S A g v W
&5,

2.7 HRP#EATAPZTIZ T AR WAL B HRPRH Pk
WORbR G AP 2T 4 FAER I AT HRP B VE RV AR i (1)
ZAYEAERREN THRTF AU SEHERG4 2, WE6.
HRP [H P 2 4 £ TR 41 (45.3745.69), HLEFfIl 3 Al
(27.054.62), HHEMA41(9.3822.42), 4in]bbig 2 %1y
HEEEZ (P <0.05),

3 1} Discussion

FERE AT BT, H I R R R RE SR IR RS
2 — KM, ARGETT A FARWERRIT, AV
IKIEIR, EFEME . BCERMIEI BRI, VR,
PR A8, AF AR R AR R 36 R 9 B A )
AL R MDA P B R LR S L AR
IRBEAS SEUR A Sl Ba, B s 2 H T 3%
W, PAEREABE, AR TS RN EA . BERY
WL —RANEA DN, KA R RN, BUEARER
X R H R Pt m&FEIOR TR, A
B2 IR P2 T B B 2 AR S AR E S8,

A P s L i 2 A AR ) BEURS 0 B N ME AR T,
FAROTHERR RS, SRR, s, AR R
TEAF I e 4, By I AL, R Bl 1k g 4 4 2R
MRV b B I FHE YRR N ThE R i 2
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4 22 K F AllenyZ& 5, hy i/ ] J H L&, oKy
FOO R TIERE . 5 BB S e B Ih 4 RF K TR A7 0
HAREW AT B IR IRFE, IR 1 R 247 . RISDK UL
LA SR P U T RESR A M 32 TR 4%, BRAE R4,
BRI, RO, AA .

U AE SR BB I B A D A G R B VR T T vk
A CEZ BRI FHAN G . AIFTUGE, i
Pl BA IR KIS Re . WRee2 B A Wi v A8
BER RS R IRTT, AMUSAE BRI B s, LR
TR 240 TS R R, 0
AT BE D B T R 10 R LA AR K K s 20

AR, A RIEOC R R R R = LRk, i
PR i GFAP G A7 Wl 35 PR R I, 3R W Ul mT A
PG IR A ik, (RIS DReE 5, A S
BLEEI H P2, AR ], s 3T LT
Bk I PR (K405, S REfeRt SRR BE I s ™. &
FEVE R IIALHI AT RE 2 : OIS B o BRI o S A hi -
@I LN MR T L K IE . @ EMEE RN 7 4 1k
Je AR FGEPY, AT R, A A B
BEB 5 e IR IS, A RE 3 00 Ja 2 i E Sis
FLAT (e A o,

h T MDA S T O U A 11 A 2 A
PHT I T o AR SEEG R 2 B I Allend T o vk g 7 K
SR RE TR ARL, S LR IO SRR gl g T A
H, I SO0 BEA K R 22 D e R 14 vl e 4 F BIL
o SERESE, BRI 20002 2 Th REVE 2 S A1 IR T4
AT o YR R 4L B (P < 0.05). fE#H K
L, HLET 41 Bax. Caspase-33L Kl (15 25 BTG
(P <0.05); Bel-23E[HAIZE (145 W] BT (P < 0.05), #
715 R SRR e R O T e AT 0 o 2 4 i 0
T, HRPIHMMAELFYES: BT ARAERZ, BEREALX
2, HHEGAERL, SAZMESEREEEXLP <
0.05), AR RUAHEPL 1 5

SN AT USSR A - GO R S v R S 1 N K
B REHA S BB XA LA R T, RS A
FOVE R, AT B sk /D mh e T REBR S, 1% AE F L AT RE
g HLET RN R R AP £ 41 fibax . caspase-33& [K I
WAMEL, (edkbel-2FE KA [ RIE, MifiE 2304
P T I AR . B2, Ik e R R A A 45 X
P ROER B 4 380 W) Sl s, X DR Ak e M b 0 i A e T
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