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Contrastive study of vagus nerve stimulation and methylprednisolone on TNF-q
expression in spinal cord tissue after acute spinal cord injury in rabbits”
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[Abstract] Objective To investigate the effects of vagus nerve stimulation on tumor necrosis factor-a expression in spinal
cord tissue after acute spinal cord injury(SCD) in rabbits. And a contrastive study was performed between vagus nerve stimulation
and methylprednisolone(MP). Methods A total of 125 New Zealand white rabbits were divided into sham-operated group(SHAM
group,n=15),SCI group(n=25) ,vagus nerve stimulation group(STM group.n=25) , MP group(n=25) and STM+ MP group(n=
25). The SCI models of rabbits were established by the modified Allen’s weight hit. The right cervical vagus nerves of the rabbits in
STM group and STM~+ MP group were stimulated(5 V,1 Hz,2 ms,lasting 20 min). At the 1,4,8,12,24 hour after SCI, TNF-«
protein expressions of spinal cord tissue were detected through enzyme linked immuno sorbent assay (ELISA) and the mRNA lev-
els of TNF-o were measured by reverse transcription-polymerase chain reaction (RT-PCR). Results The expressions of TNF-«
protein in the spinal cord of STM group, MP group and STM+ MP group were less than that of SCI group.and the greatest de-
crease was observed in STM~+ MP group. Compared with SCI group and STM group, the expressions of TNF-¢ mRNA decreased
significantly in both MP group and STM-+ MP group at every time point. Conclusion STM could reduce the expressions of TNF-«
in the spinal cord of rabbits after acute SCI. The effect of vagus nerve stimulation restrained the TNF-o expressions is comparable to
MP and have synergistic action with MP in terms of the inhibition of TNF-« expressions.
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20,25 H) L SCT A (25 H) 3% 5E #2441 (STM 41, 25
) MP 41(25 H) . STM+MP 41(25 H),

1.2 Jik

1.2.1 SCIAERIHIME B2 lh 3% M b2 4 B 4 i
o A S IR B, R0 24 30 mg/kg (B 1 mL/kg) . # #L& B 1M
B, BUREM AT E H G B U 0L B B, R R 2 e
(B 12 B A I B EE To ~ Ly B /DO BB T, ~ L
W€ X MENR . 0 5% FH N BB AL A TR AN I R, R
FABCR Allen 75 v # 3r f SCTAERL, Y 3 B 4 Bl e Rp A 410
A T F Ly BEE, LARE 2 H A 6 B i 97 26 BT S B0
B2, B S AP O . B S 2 e LS TR O K
TRMJG . EXAY 0. HOHUiER.

1.2.2 SEEenb e RAEARE (1) SHAM 4 A AT HERR 1B .
AN 05 A AN A B DU 2K E A 28 T H At R R AL 25 (2) SCT
R MR Allen FT 7 8 @ 37, SCI AR 1 5 (3) STM £ X SCI 4%
T SE AT XU o T 45 58 5 0 7 LAY W, SCT 5 B 20 5% FH A o i
YEIT AL (G6805-TT B, 15 1) T LA A7 M ok e e 446 37 i o5 25 v 30 9%
(5 V.2 ms fl 1 Hz) 20 min™ ; (4) MP £ %F SCI # % B %] - 1)
MP #pifi 697 (457 15 min 4§ K% i3 30 mg/kg MP) ., )5
SERFERAL TR 5 (5) STM+ MP 41 % SCI 455 54 B %] LA A7 fil 2
TP I S N (5 V.2 ms Fl 1 Hz) 20 min, I[85 I 24
T MP whdi ¥ 97 (T LL 15 min N Bk I 30 me/kg MP).,
SHAM 41 .SCI 4 .STM 41 .MP 41 .STM+ MP 4 44| + A J5
1.4.8.12.24 h &AW 8] J & 4L 58 5 HOBnve 2 e gt Bokt o okt
B LA AT B Ay v TRATS T 799 i 9 B ZH 20, K 29 1.5 o, BR R &
S5 Y53 PR 3 s — T 4 FEAT G EK A W B g CELISAD B4
WM TNF-o 7K, 55— B2 #E4T TNF-o mRNA MISE . B O 46
P HHE R A A 5 min 5 H R ] —80 CIkFE4& M.
1.2.3  #i% 5 PCR(RT-PCR) # i TNF-« mRNA % ik
B —80 “CIRAF ¥ i 2 SUbR A4S, 7™ 4% ¢ P/ Trrizol 13 W] 43 $2 X
HEEA LN RNA, REUY B RNA Z5H8E /306 6+ (Me-
rinton SMA4000, 36 [ED #0044 J5 #4700 5% s 52 0 . 5
B Skl R & (MBI Fermentas, 37 B %6) 156 B 45 58 B 5% 56 O f
B cDNA,TE#FT PCR 2550 Z Hi AR RNA R BEHF cDNA T Bt
W — K. M Primer Premier 6. 0 %11 PCR 5%y, H &
WA A A . % TNF-o 51951 £ 5'-TCT TCT GCC
TGC TGC ACT TC-3', Fiff 5-CTT GCG GGT TTG CTA
CTA CG-3"; % =W W2 H M ¢ it 0 (GAPDHD 51 4 )5 51 24 |-
i 5'-AGA GCA CCA GAG GAG GAC GA-3', Fii# 5'-TGG
GAT GGA AAC TGT GAA GAG G-3', RT-PCR (14 B8 Fil &
141X ) & (TianGen, Jb 50 2 & PCR Y (BIO-RAD CFX,
EED WA B AT SRR b 9O i PCR 43 HT 3K
#F BIO-RAD CFX Manager H 3 #4748 1+ FiT5

1.2.4 ELISA #ll TNF-o £ [93835 B —80 CI-4F & 4
M T K R, LR s 80 A 1 mL 2 i vk Va8 7 5)
W YIRS AR B 0 o BB B b Y W B AN ) R BE 1 A T A
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FL 100 pl, 4% B TNF-o ELISA i #| & (Cloud-Clone Corp, 3
) 156 B 5 38 4 . 1 #5 A (Spectra Plus 384, 3% [ED 7 450 pm
W7 %% B (OD) .

1.2.5 TNF-a #1519 Western Blot il %8 B W A % 1E
IR AS , 44 2 L BT 14, i A PR T8 11 200 s R4 i VR AT ST 3K L 4
C,12 000 r/min B0 10 min. BU_E 758 5% F 8 % E Bt
A BCA RN FIWEE . BLl 10 204> BRI 5 20 W 4 e s
R 0 B AR R B 5% DN M TE i BE B (SDS-PAGED 1 9k . R
5 25 1 Marker 0907 8 V) B, ¥ B — % £ % (PVDEF) & 1 &
A% Y A5 7 B0 2 EE AR LR /B BE S . 5% PVDE JRAE Y
fE R M 2 30 s, FRAERE S 42 vl il 2 ¥ 10 min, J5 5 I8 40 5
Jie— R A LR RS % ol U P . R T O AR UOKE E AGL BE R
PVDF B 18 408 ik T 4% AR I e B8, 4l AL Vo v 48 A3 i
2P, 100 mA R 58S 2~3 hy Ll PVDF i, L8 7K
Ve 4% PVDF B2 A 5% IS 05 8 14 4 A1 i b B4 R
Z R ERE A 1 h BUR T H AR PVDF L% T TBST
b b, THRIR 8% 5 min, RJ5. A —¥3T.4 CHg
B35 —P0, TBST P i EE Uk 3 3 . 4 ¢ 15 min; il A
ZHLTEIREIK LR E 2 hy 35 T H, TBST 22 vh i it bk 3
L R 15 ming AL RO (ECL) B G & 6. B 1% &
4t K& Ky M (ChemiDoe XRS+ System, 35 )

1.3 it B SR SPSS17. 0 B fF Ak 3, 3t 4 % R
TESER AN LB ¢ K5 s TH R R A R R R 4l R A
xR 5 AN [ B [ 525 L RE A ] SR A B R ANOVA 2387 4
5K HE «=0. 05, L P<<0.05 K& FH G355,

2 &% ®

2.1 #HAHBEALH TNF-o () ELISA K455 1F % 5 58
A4 TNF-o iR 1K . SCI 5 H R B ME L, T 12 h 55
RS TF IS TR s MP 41 STM 41 5 SCI 4048 X, 143 )5 45 A it
[f] Bt TNF-o 925 H KV 3 32 B4 (R A2 B i . 25 2 3A 5
P L (P<<0.01) ;s MP 41 #1 STM 40 AH I, T5)5 8 h #1 24
h B TNF-o 8 HKF 27 F G it 5 X (P<<0.01); STM+
MP A5 1.4.8.12.24 h 5 AN ] & TNF-o 2 [ K F %
F MP 411 STM 4 (P<<0.01) ;SHAM 4 A J§ TNF-« % [47K
AR 5 H A AL A 25 A G X (P<C0. 01, WL 1,
=1,

8B4 LR TNF-o(pg/mL)
- 8888 8 8

h ah oh 2h 2h
RIGHTiE
B 1 BHBWAHLA SR TNFo« EHKE

*1 & TNF-« EEKFHEN (TE5,pg/mL)

205 n A 1h AJG4h

AJG 8 h AJg 12 h AJF 24 h

SCI 41 25 874.29+57.63 1124.06+63.20

STM 41 25 434,17+ 34, 28

633.34447. 35¢

1390.09470. 54 1598.51+83.62 1327.35+67.28

984. 25456. 74¢ 1117.374£58.93¢% 1 078.55+61. 86"
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gxl &4H TNF-« EAKFHEWL (TLss,pg/ml)
4151 n AJE 1h ARJE 4 h AJA 8 h AJa 12 h ARJG 24 h
MP 4 25 459. 32431, 592 603. 53439, 302 827, 41444, 70 1076.14+65. 762 903. 76563, 91

STM+MP 4 25

306. 65132, 242b¢

478.73+37. 26%¢

715. 83442, 42

41.414£5, 28abed

882. 6354, 93¢

42.35=+4, 620

827.16+£52. 57

41, 81£4. 87bed

SHAM 4 25 41, 74+ 4, 94ebed 41.85£ 4, 47:bd
F 346. 85 407.15
P <20.01 <20.01

501. 74 453. 14 384.08

<C0.01 <20.01 <<0.01

1, P<<0.01,5 SCT4H [L#;>: P<<0.01,5 STM 4l b #¢;°: P<<0. 01,5 MP 4 % ;9: P<<0. 01,5 STM+MP 4 H. % .

2.2 HBHHEBEHL P TNF-o 1) Western blot & I 45 £
SHAM ¥ 2H 21 TNF-o XA D 5K 35, SCL G 24 h i
HELL LU TNF-o 19 235 B B F w5, 28 0K E A 28 ) 9 sl CRD MP
Wi EIT BBV ) TNF-o B FRAHAE T WA 2,

SHAMZE SCI4H STMZH MP2E STMHWPZE

re- -
Gappr

2 SCIJg 24 h Bt TNF-o &R EER

2.3 A4 TNF-« mRNA 9254k SCIJ5, TNF-o mR-
NA K76 1 h PR 3 35 B 5 W, R 5 8 26 T [ STM 41 Al
SCT 41AH L - 4% A~ B 7] 45 19 TNF-o mRNA 7K -3 22 57 T 48 3t
2 X (P>0.05); 5 SCI 44 1 STM £ # I 4. MP 44 Al
STM+MP 4 1) TNF-o mRNA 7K T KB &, & A 0 1] & 1Y

2 S i B L (P<C0. 05) ; MP 41 fl STM-+MP 4148 It ,
TARJG & B[ & 1 TNF-o mRNA KFE2Z KIS %5 X
(P>0.05);SHAM 4 AR J§ TNF-« mRNA 7K A%, 5 H Al 4] Lt
MERERIFEZE L (P<0.0D, WA 3.5 2,

O sHAMER
RSCI4A

TNF-0./GAPDH

1h 4 h 8 h 12 h 24 h
ARIEEE

& 3 ZELEBAL R TNF-« mRNA Kk F

*2 &40 TNF-« mRNA /K EHI (7+5)

Bl n ARJE1h ARJFi4h ARJ5 8 h ARJE 12 h AJE 24 h

SCI 41 25 0.9334+0.053 0.91240. 064 0.867+0.068 0.81940. 067 0.775+0.069
STM 4 25 0.92740. 051 0.88440.058 0.89240. 054 0.80040. 057 0.7594+0.058
MP 44 25 0.659£0.071% 0.610+0. 067 0.54240. 062 0.509+0. 054¢ 0.44940.057
STM-+MP #{ 25 0.635+0.057 0.632+0. 052 0.52140. 049 0.485+0. 040 0.465+0.038®
SHAM 41 25 0.13740. 02152 0.14240. 02242>«d 0. 14470, 01922 0.140=£0. 02090« 0.14240.0213¢bd
F 184. 68 156. 99 164. 03 165. 15 128.12

P <20.01 <20.01 <0.01 <20.01 <20.01

. P<<0.01,5 SCT4H [L#;>: P<<0.01,5 STM 4l [ # ;¢ : P<<0.01.,5 MP 4 b4 ;9. P<<0. 01,5 STM+MP 4 % .

3 9t it

SCT 17 #1 A= 30 38 72 60 45 i & M 458 405 A 4k 2% 1 460 005 1 A
Wy B, D & 1 AL AR A5 497 2 AN T 3860, T 4k R M SCT & — AT LU
TE 200 i R0 43 K 2 39 Y i B B e] ki L W] DA A
W, 2R T SCl G BRI 8 L. A mS S
53403 R 38 1) 9 P R o T A M A A0 1 o R AR Pl R AR
FHE oA TNF-o S 2 56 5 FE HI 0 — 4 40 i I8 700 . A BiF T
KB LTE SCLJG 1 h HA5GFBALH) TNF-a mRNA JK 3 F1 8 [ K
T BN L TEfi S 1~8 h N TNF-o [ 78 117K - 35 3 i
55 24 b4 B T R4 ik 4h, SCT 5§ TNF-o i 38
i 3G 5 R 1) % 52t B B 3T, fE Dk SCI R R4 B 1 9
B 40 B X - TNF-o A LUBOTE — R 40 09 8 1 2 s CL ik
feHE A2 %, in T 4k & ¥k SCI Y 22 grl-s) . [tk 58 & 0
TNF-o 323K . AT LAV B 495 5 4 8 20 20 v ol B 109 48 9 2% Tk

SN s 2 ST R A R AR 5 BE 41 SURUIE JF 32 45 6 ) R
AVX/EFNO

MP 8 Fi 7497 SCI &4 40 Z4F 7 & . B §i K 7t MP
JE 26 H 2t SCI MR METR YT J7 1%, B & A MR 7 I — 3
4307 MP BT R DL 2 26 800 e T PR B R 38 3R S 1A
AW A MR, Bk 3 N R A T «B(NF-«B) 5
TNF-o 3£ 5 8 F AL «B s 254 il TNF-o i) 35 H 5 5% A
TNF-o mRNA [ #13%, B 1k TNF-o & % 32 3%, T i 4% SCI
Ja RPN . (AT 2 A MP A fig I 2 B 3% SCI
BENBUE,

I ILAE R B G 8 e M I R 38 m] LS 3 59 Ak — 4% 3 fi B
CAP ST IR, 1238 B3 o 2K 7E Pl 28 e 0% . 35 L DR 338t 00 o)
FLWEAN s TNF-o 09 B I, 2 5 R 40 & v s,
Wang 570 & 3, CAP J2 3 3o 2K 5E #f 28 19 35 32 3 2, B I ik
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(Ach) 5 E W4l i b 19 %5 54532 & a7nAChR #2545, AT 417
1l TNF-o (9B . A B Sh 238 A 4k B, A A E W 4 i 1 A7
TEH o7nAChR, TEM 4 R G0, 1 4 50 S AN [R] 1 1 22 52 ot 4 i
HEBEA «7nAChR 350 378 1 4 1l 28 R 45 40 gt A vl
FE Bk BB AE BT 4 B IO SE AR . Dougelas 455 5 1 B 5%
TEBIFE CNS iy 5242 7 A 38 1 T a7nAchR T 5511 CAP,
R SCI G B 4k &k P 9 v B 48 4 T — > 7 i L A
Jin) .

H B O 2 0F B T3 i o G b 2 R DA E R K
TR RE A, S 11 #40G CAP, #1] TNF-o %52 R H T 19 1R,
WA SRR . B, AR BIF 5 A ST A SCT LAY, SR F ) 3%
GE A2 B R SCLUG M4k & P 4 M RN . &5 R B,
PR E M2 B BE R PR A SCT 5 H #6418 N R 8 I F TNF-«
H97KF 5 2 8254 MP (94 B4 A0 2 . 9 Lk T fg &
AN AR ST RE 14 R S B A 2L CNS i1 /0N g J5T 41 it i AL T
2 55 24 B 45 2 5 4 M IR 1) 200 B ok B 43 5 5 A B P 43 6
1 77 2 3206 B I S 20 80 P il 2 3 B Ach I JRE L BT
H R M o«7n AChR, M K2 4 N F TNF-o % 7= 4, AT 55 30
HA I Th g . SC8 IR & B 30 ok 5k 4 4 H g s 2> SCI
AL TNF-o (97 H K F % TNF-o mRNA A4 #0645 1
X 5 Borovikova 25 [ i 5% 45 S A — 3, & B ACh 3L & 40
SORERFTERA, MRS FOKF . SR AR R, 76 f kK E
i 2 (1 TR i 5 4 D MP A R gk — 45 B A 45 405 356 07 1) TNF-o
B3R IR KO R BB F 5 vk B U IR AE T AT AR A ML B
TR PR SRR A S R . MP 97 FEE R
T TNF-o #0935 R SERTRIRE™ 2 TNF-o mRNA 5530 4
FF IR AT MP R BE M k] TNF-o % 3 35 . T 0% CAP 7] DL}
TNF-a % 53 J5 7K Je P40 AR FATT S DT S92 30 35 25 vt
PR,

2% LTk . SCL G H #4121 rh ) TNF-o 3R K 7K Pk | i
ETE R T 4k & M SCI, T il i 2K & b 4 e 4%l 1 CAP
0 4545 J5 A BELH 28U 9 TNF-o 0945 B 2 20 Wb . R4 A A
B9 A B AR B VR S [k T DU B 303 4 B A MP, LR B
s MP 3 RIE % dk &kt SCT sy R R EE

&% 3k

(1] XUKIL.EESCEB .k B 4. B KBRS 8E 0 5 %
HE RV I sE M [ ], P8 %2 38 38 R 2 i (B 2= D , 2013, 34
(6):779-784,796.

FRES 2016 %5 A% 45 % 154

(2] BB BRI S . Eh itk S A0 B4k & Ve85 )5 40 i IR+
925 4[], SR 2% /5 2004, 25(5) : 366-368.

[3] Borovikova LV, Ivanova S,Zhang M, et al. Vagus nerve
stimulation attenuates the systemic inflammatory re-
sponse to endotoxin[ ] ]. Nature, 2000, 405 (6785) ; 458-
462.

L4 ZRIKOMR i <F I, S 98 L S . ol S A A 3k 5 1 228 %o Jek
e AR s R BRI B S T ae i AR A R AR LT ). o B B AR A
Z%35,2010,30(19) :2792-2794.

(5] A5G o MEBRF L o € SE VT S5 FF 53 078 A8 e X K B Al 400
P37 Be e PR AN L R 7R B TR T R R i sg L. M &
B2 ,2014,30(1) : 13-18.

(6] Ea R, fse 4 M S B 7E 4k & 1 A 86 B 45 oh /R T 09 F 5%
R[], B4R ,2012,18(3) 1 350-353.

[7] S0 AR EDRE BT R 55, S i 21 22 ok A B 100 93 % g
# TNF-o 15209 [1]. 5K BE 2%, 2012, 41 (27) . 2807~
2809.

[8] LV W2, A 55, AL AR 2040 e A ok 2 R 3%
SR T A Xk 2 P A A5 R B TINF-o0 3R 36 52 W) 114 % b
WEFELT . [ b B2 2436, 2012, 33(5) : 330-333.

[9] Ntk JriiE. B R {2 20 40 i AR B A SRR Je A e
Xof R BR A P BB A T R B L) ). R4, 2012, 41
(26):2746-2748.

[10] Felleiter P,Mueller N, Schumann F,et al. Changes in the
use of the methylprednisolone protocol for traumatic spi-
nal cord injury in Switzerland[ ] ]. Spine (Phila Pa 1976),
2012,37(11):953-956.

[11] Wang H, Yu M, Ochani M, et al. Nicotinic acetylcholine
receptor alpha7 subunit is an essential regulator of in-
flammation[ ] ]. Nature,2003,421(6921) :384-388.

[12] F BESR  faE bR. IE 06 BE BT 2 38 % Y2 V81 1 16 I i B 5 ik
JELJ]. EPCEE2%,2013,42(27) :3308-3310.

[13] Wewk W1, B 2. 068 AE BT 4 38 B v 98 15 1F F 5 8 A {8
LI ] VIR R 2724 i (BE 27 WD - 2009, 19(2) £ 93-97.,

[14] Dougelas SR, Takashi M,Kirk T,et al. Cholinergic modu-
lation of microglial activation by alpha 7 nicotinic recep-

tors[ J ]. J Nenrochemi,2004,89(2) :337-343.

IR F 93 :2015-11-08 {1l H 491 :2016-02-16)

(#2050 30

[10] Ramamoorthy S, Cidlowski JA. Exploring the molecular
mechanisms of glucocorticoid receptor action from sensi-
tivity to resistance[ J |. Endocr Dev,2013,24 :41-56.

[11] Yamaguchi S, Murata Y, Nagaya T,et al. Glucocorticoids
increase retinoid-X receptor alpha (RXRalpha) expres-
sion and enhance thyroid hormone action in primary cul-

tured rat hepatocytes[J]. ] Mol Endocrinol,1999,22(1)

81-90.

[12] Grummer MA, Zachman RD. Retinoic acid and dexam-
ethasone affect RAR-beta and surfactant protein C mR-
NA in the MLE lung cell line[J]. Am J Physiol, 1998,
274(1 Pt 1) . L1-7.

Clsc# H 1 :2015-11-15 & [ H 1 :2016-02-16)



