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mOE. [BW) HitMErsERE -+ o (TNF-o) BTG B T U5 B4 SRR - 2 H T kappaB (NF-kB). JNK 7 p38
MAPKRE S 51z shih £ 465 | FE 00 K BUR BRI R I, HEEOT T BeILR . (D7 ] SRATRAT b s i 52 6 A
YRR | WREHR I BT I PN S NF-wB #1415 (PDTC) . p38 MAPK 31413 (SB203580) F1 INK #1457 (SP600125 ) XiHE 5
B A RIR LI W (L5-VRT) K B 1 B R B 5 AR 21 (DRG) Y BB JE [ 38408 38 (Nav 1. 3) Rk poEm, [#HR] O
L5-VRT AHFTRLA NF-«B #4157 PDTC AT 58 230 i A BRUSLONALAR I 5 ot G A 7% B, - BELIT [ U LS DRG P9 Navl.3 B9 ;@
ARBTREF p38 MAPK #1415 SB203580 FI JNK #1415 SP600125 F=E 4 B G B A HLAR L S it i, S FR MM DRG
M Navl.3 A3 ik ,SB203580 il SP600125 4 B ELA 52 4= BELIST A E6 43 BELUT 16 ) ; @RI 7 d 4 T PDTC 5 SB203580 i,
SP600125 X B JE B K B it g o, (4530 ) Bl &85 7] Bl T NF-«B . p38 MAPK Fl JNK #&F2 45K
#1455 DRG 2 T5HN Navl.3 B3R E i #E— 845 LS-VRT 51889 K BUS B 8,

KR, WS MEIRIEIR T-«; NF-kappaB; p38 MAPK; INK; #hiEiH

FE 5SS, R338.7 SCRABRIRAD: A TERS: 1672-3554(2009)06-0645-07

Role of NF-KappaB, p38 MAPK, and c-jun N-terminal Kinase in Neuropathic Pain
Rats Following Motor Nerve Injury

ZANG Ying, CHEN Qiu-ying, LI Yu-ying, LIU Xian-guo”
(Pain Research Center// Department of Physiology of Zhongshan Medical School, Sun Yat-Sen University,
Guangzhou 510080, China) , '

Abstract: [Objective] To test the idea that the downstream molecules of TNF-ao [ NF-kappa B, p38 MAPK, and c-jun N-
terminal kinase (JNK)] might be involved in the development of neuropathic pain induced by LS5 ventral root transection (L5-
VRT). [Method] The behavioral test and the method of immunofluorescence staining were used to observe the affections of the
three inhibitors of NF-kappa B, p38 MAPK, and JNK on the mechanical allodynia induced by L5 VRT and the expression of
Navl.3 in L5 dorsal root ganglion (DRG). [Result] Intrathecal injection of NF-kappa B inhibitor (PDTC) or JNK inhibitor
(SP600125) or p38 inhibitor (SB203580), administered 10 min before L5-VRT, all of these significantly inhibited the expression
of Nav1.3 in ipsilateral L5 DRGs. Single pre-treatment of PDTC completely wattenuated bilateral mechanical allodynia. Intrathecal
injection of SB203580 or SP600125 being applied 10 min before L5-VRT and once daily thereafter until day 7 after surgery,
attenuated the coniralateral, but not the ipsilateral, mechanical allodynia. [ Conclusion] NF-«xB, p38 MAPK, and JNK pathways,
through down-regulating the expression of Navl.3 in L5 DRG, could inhibit the rat mechanical allodynia induced by motor nerve
injury.

Key words: allodynia; tumor necrosis factor-alpha; NF-kappaB; p38 MAPK; c-jun N-terminal kinase; sodium channels
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{18 7 T8 Pl e 5 | A L R 1 SR AL 1, (BB
HIBF R SCREX — WL, B R VDT B 5t 2 5 4
il O B R AN BE G2 M R AT O SR AP R R 2
403 )5 &AL AR 40 #4050 Lt R R Y 7
AT R, AR B A A 7= A i AL v sl AT
RETE MY R SR E T, BT R, 1
BT K BUE 5 5 M 251 (lumbar 5 ventral
root transection , L5-VRT) , £ AN 454 405400 & 45 A
{18 B0 T AT RAS A Ok B M et e, A1
TSI T X — 2580, A, REFR
BRI ME IR A F o (tumor necrosis factor-
alpha, TNF-) 7E5R BRI L P E EE A
, FATIEH R I TNF-o 7E L5-VRT 317 B K R
Jor R P R B S S N L A R b B EE AR
HBL, TNF-o fEFFH T #3244 (TNFR1) ] 0
MR AE S5 FE 2, BB kB B (1K) #0005 %
B 5K kappaB (NF-kB) 138 11 22 24 -0 Y
£ F W (mitogen-activated protein kinase, MAPK)
FIEH ) INK (c-jun BIEFK GRS, c-jun N-terminal
kinase ) Fl p38 G AP-11), BLEESLXHSR(E S
e S ARTE R B 28055 | R A SRR
REERZEENE BENRES 5B MmEn
5 R AT RS0 1 TR, A SE B E KRR LS-
VRT RHT 10 min BARSF 7 d, 435155 P9 1 45 NF-
kB # #l 77) (PDTC) , JNK 41 fl 3 (SP600125 ) Tk
p38 MAPK 31 #15 (SB203580) , Wi 22 BH Wi I iR (=
S5 I FEXT L5-VRT 518 MK BURE S S im,
IR HTT BEALHI

1 #MHEF*

1.1 SEIETY

¥ 66 HELIG Bl (A HEME SD KRR, R &
150 ~ 200 g) BEMLZr4H - R FR2H PDTC FHZA |
SB203580 FH 24 4 .SP600125 JH 24 25 F1 v 71 % FR
H, ¥ P R 2RI X SRR sh ) O R
SrERRSR , R S AR XV 43 4E R AE (22 +
1)CHI(65 + 5)% , 1 R B0 A W 15 4 O R
[ 4ERFFESE HAY 7:00 AM-7:00 PM, MR BWR
LRSI, TR LI B IR e
5 S o fef P D U
1.2 PE 5 BRI ER A HE

TE 4 g/L DLE 2240 (40 me/ke) B8 I 1 51 R |

R SR RAE K HER, R L S0V
BTN K RATIE 5 BMARTRYIBRFEAR,, L
M T4-L5 RERERAT R HEMDIRAR , 2288 L5 R4,
W L5 ORGP I SRR, 78 LS WRm &
“9 (dorsal root ganglion, DRG)ITHHEM 3 ~ 4 mm 4b
PIWFHB % 2 mm 2 BRIIR, FIRPELIBG LS
FIAR S 0 B | B o A AR M EF R AR, 30
RS SLRDZEE NI E R, fFrsh Yo E 5
SRR ZM TR, FARAF—WFAREEE
LM IHERE o R T ARAH K F (Sham 41) R4 B H LS
BUAR , AMEETRTIBIAR , SL 2535 , 238 L5-VRT
KRBEMBRFNATRBIBRMN AR, RS
4 S T HERR
1.3 AEIERE AR TR NS i

TR TR B , AN SE IR IR Watanabe 25010
TR B W P R o PR LB 5 A R X 43 S 6 TR R
Hti 1788 A 245 24 (intrathecal injection) , K BURKEES
LA-S2 HHETBAL & B T IR LM — T
YIE ¥ TCH A PE-10 8 (8 em) M\ L5-16 4[] BT
HRE R B Sk s O AR, R R E TF
BERENZ AL, ¥ KRB TEARNELESENE
PR L 1 U0 B R L R N, B S
e TRENRALR FEH 3-0 EH%EAE4ZE
ZeUIH , RBETUOIMYFEREFREH,FH
AR ETFHINFERGED, 25844
HI A BY TR R i 1 P 4 O AR BT I, X356 43 L5-VRT
RSB TFARET 10 min BARSE 7 d FFIRG T2
B FRVE ) BN I A 2 B N AT 40 pL,
10 pL K SRS EHEHE O,
1.4 50 % HLAR 1 1R 9 (B A i E

W R FRHCE T I ) 335 B MLBR AR (18 em
x 25 cm x 18 em) PN, 48 )i R 42 J8 1 5 (4%
0.8 cm x 0.8 cm) , FF R MZ#H 5, % Up-Down 7
TR 8 ARG B 5 X s 3 7 LAY von Frey hair
(0.41,0.70,1.20,2.04.3.63.5.50.8.51,15.14 g) %>
FXF K BRUG BZe A R OFREAT ORI, B
RIBRF ST R 6 ~ 8 s, LA 2.04 g HIEHE BE )
TR TR B, AU SO Ay I D a5 R SR e
B 805 18 AR AR von Frey hair 20k %52 3135 , B
R PR, )2 4R AT 326 Ui A TR SRR R 45 T
P o BB SR — ML T s BRI — A A A5
HEBE 6 YRR EES S B A R I AR,

R JoF A R R PP SRR S A 2 A o A O P 4
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JEEE,
1.5 GEHALE
1.5.1 sh¥p#iafelria® FARBEHRAR,
LI BEHAFERLE BB RS, FH 200 ¢/L Shr
(BREFROER, 1.5 o/ke) I EERE, TfE
A A B ER K FN 0.1 mol /L % BR 2% wh & (phosphate
buffer, PB)BCHIAT 40 o/T LR PR (pH 7.2 ~7.4,
4 °C)XF AT 3 30 BRI U B 5 , 29 30 min, %
HIsh W B RN LS DRG, 7E 40 o/L LR H R
JEEE 3 h, A 300 o/L FERAE WP BIK 3 d, #R
A2 ERE R K JE #E1T VKR U0 B (LEICA CM3050S,
E) FETEHE 0.01 mol/L PBS 1Y 24 FLAR
WL, YR AT, B E 16 um, MIFEET 4 C
VKFE R RE
152 SEFRXEENFRERTITHN B
£ F 24 LA N 0 DRG vki% Y1 A H 0.01 mol/L
PBS ¥& 3 Y&, YK 5 min, IR FHIIASF®, L
HAARRE RIS A0 AL 1 h JERESHBEIFIA
Hpi-Navl.3 PU(1:100; Sigma, St. Louis, USA),
4 CHWMI G, TeE—Pt, PBS UE3 K, HIK S
min , I A#RIE Cy® B IgG(1:300; Jackson Immuno
Research, PA),ZE & T#YE/EH 1 h, - PBS
3, BIK S5 min, FEVLIKEY A0 TR F,
SEEN T % B %% (LEICA DFC350FX/DMIRB,
Germany ) T WELFFFH IR,

DRG ALY fr e Je a2 M 2 & A2l
R ) B B P M R R AR Y . X

Az K B BEALBEER 4 9K LS DRG H1 5, 7276 .

B T i 8 kR bk Navl3 SR
(Navl.3 immunoreactivity, Nav1.3-IR) A FH M40 ff2
B 23 L, TS 214 HUR B Navl . 3-IR FHE4H
B s, BRI 5 ~ 6 HIRE,
B A K R Navl 3-IR BRMEZH I E 45 1
AIIIE = ARVEIR
1.6 ZyYIfEH

Pyrrolidine dithiocarbamate (PDTC, Sigma,
St. Louis, USA ) FH RiJ FH 4 B2 £h 7k 5 ¢, A e B2
A5 wmol/L, 4-(4-fluorophenyl)-2- (4-methyl-
sulfonylphenyl)-5-(4-pyridyl)-1H-imidazole(SB203580,
Sigma, St. Louis, USA){# FHRIJciE T — F 3L
(dimethylsulfoxide, DMSO)H (50 g/L), 5 i A= 2
HOKFRBEZ 1 g/L(DMSO AFDHCH 2%) , Anthra
[1,9-cd]pyrazol-6 (2H )-one (SP600125 , Calbiochem ‘,

La Jolla, CA)f#i FHRT5EIE T DMSO H' (50 mmol/L),
T A B ER KB BEZE 5 mmol /L (DMSO 1434k
H10%) . W I AR K R R 45 T AR TR AR AR Y
DMSO $h7K, 4524577 R S BG40 (MR T B N 45
7)),
1.7 SFitES

BB Giat2E M SPSS 10.0 41T,
LI EE R £ FREIRFIR AT R FMIREE .
50% R B H () {5 F e XF Bk 0 K 36 (Wilcoxon
Signed Ranks Test), #&7¢Y6eH SUb G 504
FRIALHEE 5 B R R 7 2290 #7 (one-way ANOVA),
J5 i Tukey ¥ (Tukey post hoc test) ¥l 2H [A] 22 5
B A ¢ 25 (Student’s t-test) #E4T 0 20 [A] 25 7 tb
B, P<0.05 ®RRERAGIFEE L,

2 # X

2.1 P NF-wB 18 B 33 oK R J8 i 85 B4 22 i
L5-VRT A L5 BN S L 509% 82 15
(ERTE N 3 IR R G PUR P S B
5 (K 1), L5-VRT ZRHI 10 min BIGRMIET
HE NV B PDTC(5 wmol/L, 15 L) A] 5820 #i
13z B 45 | 1A R BRI J FRE ML R g Ao Y
B, MHIZN TFARG 1 d BB Bt
—&— Ipsilateral (?re-PDTC, n=6)
-—0— Contralateral (Pre-PDTC)

—g— Ipsilateral (Post-PDTC, n = 6)
307 —v— Contralateral (Post-PDTC)

Pre-PDTC i.t.
251 . T .

15 |

10}

Paw withdrawal threshold (g)

0 2 n L
-1135 7810 14 21 28 35

tpnsl-npernﬁan/ d

1 FAREEY M ES PDTC BELET L5-VRT 3] #2 A9 M
MU 1R L BB T B
Fig.1 Intrathecal injection of PDTC before L5-VRT
(Pre-PDTC) attenuates bilateral mechanical allodynia

PDTC : pyrrolidine dithiocarbamate; Error bar: standard error of
mean; 1) P < 0.05vs -1 d.
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R(ORE 35 d)o AT WER NF-«B BUE N B 48T
LR B S PR PE R, B ERR LS-
VRT RJ5 7 d RIRIEMEEREHNL S (RUEBER
Z T F) 47 PDTC, R BLH N K BOWUS BB
PP R S O B E R, SRR, KR
50%HUE BB A7 2 3 /N TF IE & X jE (P<
0.05),
2.2 P& p38 MAPK 38 2% X K R 978 it B Y =4 Nl
BN 2 FFR AR 10 min kI B ot
SB203580(1 g/L, 20 wL),HX 1 W, 4L 7 d, 7]
SE 4B L5-VRT B8 K B0 5 AL AR A 7
TR TE B, X R F5 AR FA) 490 280t B e, (R
JG 2 BAERRHE BEREEF), BR%ES, Ls-

VRT ARG 7 d #5784 4 SB203580 (1 g/L, 20

wL), R 13, #5483 d, % L5-VRT 5| 8K &
HUBE R 1 B TC B B, B2 R R 50% U2
5 {655 R LA ELAR bb 22 R IR LAFTE (P < 0.05)

—&— Ipsilateral (Pre-SB203580, n = 5)
=0~ Contralateral (Pre-SB203580)
—g-= [psilateral (Post-SB203580, n = 5
—— Contralateral (Post-SB203580)

30
Pre-SB203580 i.t.
—_ 25} T =—————
C 7
=
£ 20}
[}
£
ﬁ 15 )
5
g 10f
B
& 5t
Ay
-101 3 5 7 10 14 21
tp t-op l'un/d

B2 ARBTHERIES SB203580 FEET L5-VRT 5| A2 Al
B 1tk 8 B 3
Fig.2 Intrathecal injection of SB203580 before L5-VRT
application attenuates the contralateral mechanical
allodynia

Error bar; standard error of mean; 1) P < 0.05vs -1 d

2.3 MO JNK i B 0 BR 88 1 B i 2 i

RBTHE IS SP600125 AT 524 LS-VRT
5 B R B JE i S0% ML AR 1 48 2 B Y T
Rée, i ik TR0 Ao ) 488U BB TGS i, LS-VRT R

JE 7 d 4T MR B SP600125, K 1 UK, F4
3.d, XF B K RSO HLIIE R A 0 TR
W, AAZHALR B SO B 85 AR R HEA LR H
L RIBAIFAE(P < 0.05, & 3),

—g@— Ipsilateral (Pre-SP600125,n=7)
—0— Contralateral (Pre-SP600125)
—— Ipsilateral (Post-SP600125,n=7)
—%— Contralateral (Post-SP600125)

30,
Pre-SP600125 i.t.
25
20
15

10

Paw withdrawal threshold (g)

RE LRI |
-101 3 5 7 10 14 21

tposl—opemtion / d

B3 ARATES SP600125 MIH] L5-VRT 5| &2 H 3 AL
TR B A
Fig.3 Pre-operation SP600125 attenuates the
contralateral mechanical allodynia

Error bar:, standard error of mean; 1) P < 0.05 vs -1 d

2.4 Ml NF-w«B, p38 MAPK # JNK i# % X
DRG X Navl.3 5215 89 80

5 LR R RS s A AR & 7
RJG 7 d X REBHFITERBHM, 405X PDTC,
SB203580, SP600125 YA R FHZ5 40 7 %t R 4H
FUBFARHA KRB (FH n = 5847 Navl.3 BIHRE
POE I & (E 4), 5RFARHEA) ML, LS
VRT(B, F)AB|#AJE 7 d KR FEM L5 DRG
£ Navl.3 B 53 Fi8, H Navl.3-IR FH4:40
ME 4yt B3 S FERFARH (P < 0.001); RET4
F PDTC(C, F)F SB203580(D, F)AT 584 FH
L5 VRT 5I#2 K B E M DRG W Navl.3 #9 iR,
H: Navl.3-IR BHEZIME 7t 5B F AR HEAH LT
BEES,HARRS T SP600125 (E, F)X L5
VRT 52/ [Fll DRG P Navl.3 HZREUE #4
o0, B Navl.3-IR FHYEGN M E 4 Huh B3 E TR
FARH(P < 0.001),
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14 d

1813203580

D | prespeooias -

Navi3 |

pre BDTC

L5 DRG (ipsilateral)

Urons

% of positive ne

_ =
SN RN O

Sham VRT PDIC SB203580 SP600125
F

B

B4 RETEMES PDTC, SB203580, SP600125 IR &R A R EM L5 DRG #4255 N Navl.3 RiEHIZM
Fig.4 The effect with intrathecal injection of PDTC, SB203580 and SP600125 on the expression of Navl.3
in ipsilateral .5 DRG
A-E: Representative results obtained in ipsilateral L5 DRGs in rats that sham or vehicle treatment or received PDTC, SB203580 and
SP600125, started 10 min before LS-VRT; F: Quantification of Navl.3~IR positive neurons in L5 DRG in above group rats; 1) P < 0.001 vs

sham group; Error bar: standard error of mean; Scale bar: 50 pm

3 " #

AHF5E K . OL5-VRT AR A NF-xB #1141
31| PDTC. A 5% A4 i 2 BRI ATL A g ot i )

A, FEBEWT RN L5 DRG P Navl.3 B _E3E; @A -

Vi F p38 MAPK #1115 SB203580 F1 JNK # i5]
SP600125 = 2 1 il K BXF ) Ji5 FB %) ML A e 9
0, 5 PR DRG N Navl.3 A3 1k, SB203580
1 SP600125 4331 ELA 58 4 BT A1ER 2 BT VE
@ARJG 7 d 4-F PDTC = SB203580 1 SP600125
X ELIE B R BB A B TE s i, LA B S5 R EER
18 B 2 5 AT @ it NF-«B . p38 MAPK 71 JNK
WAR A AR DRG #1450 Navl.3 BYFRIEMN
T — 2545 LS-VRT 518 5 K S ROV
3.1 HPHI NF-xB i& 2 3¢ K R S8 DRG W
Nav1.3 FRi& B 8

BAVT AR BT CE F B L5-VRT A 512K
15 9 DRG W& TN TNF-o % Fil, M4l
TNF-ou 16 AT 28 £ R BRUR i S0 T L, NF-B

J& INF-o UG T E S RSB RZ —, H#
TNF-o B005 )5, ST R HE TNF-o 5548 o R 70
HABBOR Y AR T TR E H R EB Y, B
AR A, HR BB AT R GE , #10
ll DRG P8I B NF-xB FH P £ o8& W2 7
s PR Al B 225 SR T 4E BN NF-xB #Y
G B TG R AR5 T SR AR A Ak 1)) R B Ak B i
R BB A PR 4 P B2 5 A1 473 i P 2o 1 4 S AR BT
i) DRG #Z TN NF-kB BIB0E . H St d) I
AT DS Y 5T NF-kB 1 R SRR E IR U AT
G AR S MR TR 2R BRI R R BRI AT R
IEAh, 7E NF-kB ps50 TP B 3 B A 19/ B 5T
W& B, 5 A RN BRRE B, R /S BRI A
PRI R R AR 1 B 7 R A 1107, A L 85 SR 3% B NF-
kB IR AR IR BRI R A P A EEAEH L
TXLBHIF 5T RS2 ST FE IR A5 AR A5 A Jra A 7 B i
AR . ASBFRTEIR 1318 2h Ak & AN 4545 B
BARIER T, %F NF-«B M5 PDTC 7 .3
REL BT 9 A 50 A9 15 S 0 1 Navl.3 ZE[R ] DRG
RUZRIA . BT HETE8E E -Navl.3 f_EiE T
BB P 2B 075 DRG M40 = XAt = F A
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18] PSRN NF-«B 38 8% 7T BEBELT T DRG 4
TNF-o 5 NF-«B [8] A IE S BRER I | 5 28 i 1A
7 Navl.3 9335, T #0510 13 B0 T2 A
3.2 Pl p38 MAPK #1 JNK %12 % K R i &l
#1 DRG 4 Navl.3 3% B0

BV, TNF-o N AT 38 1E NF-«B 3 Had 7] i
1t p38 MAPK i [N JNK 388 B A0S B 58 TNF-o
YR SRANRIE o BT I I SE 16 th e DK B, LS-
VRT J&, NXA TNF-o 7£ DRG FIEBEE A1
= ) R p38 7E DRG FIE 46 M 1
B, I TNF-o PGB, AT BT IGARRE 0), AAF
5% & B HR O BSE FE P E 5 p38 MAPK #1511
SB203580 1 JNK i #il7 SP600125 ¥4 8 BH .18 5=

L5-VRT SRR BHIBU R o, HBZm

#INav1.3 7E[EI DRG H A _EVE , 3R p38 Fl JNK
i B v] 3 T P DRG P Navl.3 f A2 5N
12 sh P 2454555 | i e o B 5 =

BeAh, BT IE BRI ST IR K A BE 3R 1 SR
#5F PDTC B SB203580 Y, SP600125 X 1E % s ¥
SR ELRNES AR B C 4 45 R AL I AR 4 5
(long term potentiation, LTP)JGH M, {HA] 58 &0
il L5-VRT KR TNF-o 556 C £F 4 LTP™!,
TFHEER M CLEEFRBNK LTP 2WHRIE A
C—£1 2 5HBETS F P 20T 22 (8] 28 f (B R AR B3R A 3
B, WA IRt SR B B 45 RS |
R 4 98 00 L A P AR ATL A 2 4R R AL 38 NF-kB
5% p38 MAPK B¥ JNK 38 A% 410 1l 59 ] B 1ok BEL Wt
TNF-o 5 3 L5538 % 8] A9 1E R IR B, ET T
TUE#ET A C £F4E5 & AL LTP (B, MR
A,

A 5L W F NF-«kB . p38 MAPK & JNK 155
T [ B4 28 43 M A A1 70 A A R B Bh e A iR 5 R
B4 IR BRMIL A A R o %) [ B, 8 AT $0 ) Navl.3
¥t DRG WH LR, R B § M & A U5 IE B
NF-«kB.p38 MAPK #1 JNK {5 5 i 7] B A&
Navl.3 B3R5, (Bl T 41N #1555 S B ]
A EAE T SR 2R B 4 M M B 4120 [
B HEW L5-VRT J§ DRG N TNF-« #9738 i
BEETHESRSERITAEELNABAGE
S MEIER T 4542 DRG N Navl.3 EiE 41
il bR E S 5% 5 0E B, AT BT Navl.3 B H b
VA, B AR N B 28T, 5 s B PR B
A,
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