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W E HW: UEWHZ4KET (nerve growth factor, NGF) 7 A4 & # 22 18 M £ 1 M 4514 (chronic con-
striction injury, CCI) A B ki A% # & ¥k DL K AE LA AZ NGF 2t CCI1 K B AT 4 % Fofib 4% p-ERK K ik
M. FHik: MU= 4 CB-HRP #AT TR, &6 R K ATITNE E® KR ZE KL NGF
#1 p-ERK. % —%: SPF KM SD AR, K& 200~300g, #HFREMI N S4H (F4H6 1)
sham 41, CCI 1. 3. 7. 14 K#. R# 1 XK. RE1X. 3K, 7K. 14 XM EH A (mechanical
withdrawal threshold, MWT) Fu#4J & (thermal withdrawal latency, TWL) /& 4b 3t 3f BUfi 4% £ 41T Western
Blot M2 NGF #1 p-ERK #y XA R EI. % =%: ¥ SD KB N2 K 6 4 (72 =6): CCI + NGF
k4. CCI+ PBS 4. CCI+ xtF %MZIS%EL sham + NGF #i4K 4. sham + PBS 4. sham + xt & i1k
4., CCl KBAJEE 6 RAELKREALN T M = 2 5 i 4 NGF wx PBS KAt EHiR, ME MWT #0
TWL J& & 7t 3 BURk A% #£ 4T Western Blot W1.2% p-ERK By £ A T LG M. SR: F¥ KR AdgkL
NGF #1 p-ERK, CCI 4 A B # MWT F2 TWL # & 1% T sham %, il E’f@i‘i% NGF #if&J& CCI + NGF
PUARLL K B A B4R CCI + PBS 4142 CCI + Xt R4 W B3R &, HHE p-ERK RAREHAH T
M, £5i0: M2 NGF/ERK E S @B a5 5 7 AR S MM AR, MM 3 47 NGF yuiR 9 &
u\#mfﬁmiﬁ NGF/ERK 15 & i BB 5 K B 20 2 KR

KR MM, HELEKET; ERK, #AREMEHE, LEHEEMSEEERYG

NGF/ERK pathway of the cerebrospinal fluid-contacting nucleus participates in neuropathic
pain of CCI rats *
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Abstract Objective: To investigate the expression of nerve growth factor (NGF) in cerebrospinal fluid-contact-
ing nucleus (CSF-CN) in neuropathic pain rats, the effect of intracerebroventricular injection of NGF antibody on
pain behavior and the expression of p-ERK in the CSF-CN of chronic constriction injury (CCI) rats. Methods:
We first labeled the distal CSF-CN using CB-HRP, combined with double-labeled immunofluorescence tech-
nique to verify whether NGF and p-ERK was expressed in normal rats. Male Sprague-Dawley rats weighing
200-300 g were randomly assigned into five groups (6 in each group), sham group, CCI day 1, day 3, day 7 and
day 14 group, through the method of random number table. The expression of NGF and p-ERK were observed
by Western blot after the mechanical withdrawal threshold (MWT) and thermal withdrawal latency (TWL) were
measured on day | before and day 1, day 3, day 7, and day 14 after CCI. We next randomly assigned the rats into
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six groups: CCI + NGF antibody, CCI + PBS, CCI + control IgG, sham + NGF antibody, sham + PBS,

sham + control IgG. NGF antibody, PBS or control IgG was injected in lateral ventricle in each rat on day 6 of
CCI. After MWT and TWL were tested, the CSF-CN portion of rat brain was isolated to observe the expression
of p-ERK. Results: NGF and p-ERK were expressed in CSF-CN of normal rats. The MWT and TWL of CCI
rats were significantly lower than those in sham rats. The pain threshold of rats in CCI + NGF antibody group was

significantly higher than that in CCI + PBS group and CCI + control antibody group, and the expression of p-ERK
was significantly lower than that in the other two groups. Conclusion: The NGF/ERK pathway in the CSF-CN

may be involved in the modulation of neuropathic pain. Intracerebroventricular injection of NGF antibody may

alleviate neuropathic pain in CCI rats by antagonizing NGF/ERK signaling pathway.
Key words Cerebrospinal fluid-contacting nucleus (CSF-CN); Nerve growth factor (NGF); ERK; Neuropathic

pain; Chronic constriction injury (CCI)

e 228 g BPE PR A H AP BRI AR R GE I L
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PUR PR 2559097, AR T H BAR B P SR AN,
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IR ) IR HLRDA Tl R VBT A BB . ok
W 9t & BL fih ¥ #% (the cerebrospinal fluid-contacting
nucleus, CSF-CN) 245 [ 1 28 93 B M 7405 1Y) A2
K, LU RAR S T AL, Kot a i
PESIR IR IT SR A 1 7

TES PRSI — L8 X 1, CSF-CN s A5G
RIS SRS 5 178 % 5 DA S X
b A% B — AR PR & TG R, AN SRS = R E
HLEEZ AL B-BALS Y 5 54 (CB-HRP) ¥
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Pl EEAEH B, AT AT 5 K I CSF-CN
TEPEIRI R A SR e i % L EAE A . Az i
ASIC3 FIP i 5 1 4 M9 B Al o K] WintSa
TEAA T P22 1M R 3 4515 (chronic constriction inju-
ry, CCI) 52 (A 228 B P2 A A e i U,

fh 25 K A F (nerve growth factor, NGF) & i
FUR BRI 28 IR 1 IR 0L, B (R A8 A gk
AN TS SR A . NGF 44K
I AE O R RN P 11 7 A AR i P R A R
HEWER . ERERZIYRIEFEEA T, NGF 1)
FIEWR B P 4 B RF NGF i mT Bl
CFA 5l Ry " 6/ RE g, &
HA R NGF fodAk mg DLk 2 8 96 516 1) B Joid A 3R I
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CCI F A5 NGF fE R ML (dorsal root ganglion,
DRG) K #EH A 118 " Bl NGF difk 4 & 2
AT DAY A 4 0 9 B e RN S e Y. X
LERt ST ARUE R T NGF 25 7% B, H2H
EARMLEI SR A . NGF 5 H 24k TrkA 455 )5
T ELE N O A R ER S A R B O/ 40 A
Bl (MEK/ERK) 15 52 RIEHAEH . H2HAE
P22 T3 BRI PR AR O B E S R N TS S
TP RAEAE AN . B ATOCT NGF fE# £ B
PRI T IR B 7 32 246 b T DRG A #EKF,

HHE LACFRIBE TR D . AR TR B 2 MR
fR CCT R R i A% NGF (W3R,  WIRf fil A%
NGF 2% 25 7 W& FEIE& R ) NGF fiif2fn
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1. 77 S 21

CB-HRP (Sigma, £ [H), 1112 CB —$H1(Sigma,
FEED, %I NGF —$i(Abcam, 3 [E), %l p-ERK 1/2
—Ji, HiE ERK12 —471 (Abcam, Z£E), 4% FITC,
Pl 2 FITC (Life, £ED .

2. SIS Ar

HEVE SD KR 200~300 g, HIfRMNERL K 225K
I Eh R AR AE, £E 12 h RIR/ BT B, 23+£1°C
R F IR (A B AO S RUL . 3—5:
B LIGEhYIBENL > N 5 4: sham 4H. CCI 1 R4,
CCI 3 R4, CCI7 R#l. CCI 14 K4 (72 = 6).
b SEIAWIENL R 6 4H: CCI + NGF HiLiR4 .
CCI + PBS 41. CCI + X M&HifAZl. sham + NGF 1t
R . sham + PBS 4. sham + X} fEHTIAL (72 = 6).
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3. REA T

RIS 10% K& 5 (30 mg/kg) R,
BHEETTFAREG B, PRXSLHETE. TEEM
WA S EAT AT O, &8 — SKVLULEAT
Btk B R R E T, F SR 2 i)
FE9 1 mm B 4854, GEFLLRIA KT LI
ZAMNE s NE, REBEEES, TFAREH.
sham A A A5 HL, HARTTER L.

447 N5 E

(1) #VH R (thermal withdrawal latency, TWL): K
RET 3 mm BB I, % Hargreaves 1 F #4
I RO 5 KRR K. RS 46 2 K B 4R
5 [ 36E (R B[R] 9 TWL. H B VI [ 9 30 s, LARS
1B R o TR AR A SIS R R 4 R —
o BRWE S K, FREFES min, HBUS 3 KL
BOF AR R B E A TWL . T RHT 1R,
ARJE 1. 34 7+ 14 KA.

(2) MLk 9% i (mechanical withdrawal threshold,
MWT): #—iEHBEFH (22 cm X 12 cm X 22 cm) B
T @i b, R R AR WL AR & B 15 min
Ji, H von Frey 414 22 1 B EOK B4 G B2 K H
T, RS E < 65, KW IR 2 BSR4 A
JIPEME SR, A B R R, ME E RN 2 ¢
FEa6, 1% 7 EE RO Be 5l B RN, )45
T AHAR K — 2 77 FE BRI Gt 30 BE A R U 25
TR/ N —F SRR, LT, AR
HH I BE — IR BH R B P R IR R, PO SR e
4. BRNEN26 g, KTUHAEREHN 26 g. F
UCRIBEIRE 30 s

5. K B A % VE 5 CB-HRP

HUM AT 48 h, H 10% /K& (300 mg/kg) I8
i S PRI R B, L 8 T AL AR E ALAX, 2 Pax-
inos 1 Warson ¢ K SR 37 A& AL AR RS ) ALfR: (Brega:
1.2 mm=*0.4 mm, Deep: 3.2 mm=+0.4 mm, Right to
median sagittal plane: 1.4 mm=+0.2 mm), A
] 5 5 3 55 30%CB-HRP (b 50 B A A} K 2 A 31
EOEED 3 ul, WA 15 min, FEEE. BEERGH
M IR TR 48 he

6. I

KEH 10% K& 5B (300 mg/kg A HE) K
VEST IR 5, AT 0 0 % - 28 Bl KR AR IR RE I AR R
#hK 150 ml A1 4% £ 58 H RS ¥ R 350 ml [ 2. HX
KIGHL)G, TN 4% 2 R P ER+ 4°C )G [ e
R N 30% FEREVE I 4°C K A LDTIE,
UKERTERY s )& 40 pm,  BORH LI - X 42k 1)

——
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Fro V1A UEEFE 0.01 mol/L PBS H1, £ 0.01 mol/L
PBS ¥ 3 K X5 min. ERGEEY) A A2 24 FLIFE
b, AN 0.1% Triton-100 Ff) 3% 2 I3 5 ATV
B M 2 hy YA I Anti-CB Fl Anti-NGF —#$ii
(1:500) & & YUk 5 Anti-CB F1 Anti-p-ERK (1:500)
—PURA YA E 48 h, I FITC b 199 5T
EA FITC FRid 9P Hife (1:400) B F 1 he ik %%
A UR 1A ] 0.01 mol/L ) PBS 78709k . Wi fr. Hm
H A, WO R RS (LSCM, LeiCa TCS SP2,
Germany) B N XK AL 23 0] B b AT W82 148 Fr .

7. Western Blot

A4 B Sk b BE R IR G Y AV A%, DA 110
(10 LU N 200 Pt 2R A R B L B R R, R N Y
M5, 4°C 12 000 rpm 2.0 30 min, HX_Ei.
BCA LM BRI EE S &, 10% KBS 5
HEH, HIKE¥EDE 2 PVDF K. 5% H5
JE@R W T 1 h, %Pl NGF. %t p-ERK.
% Pt ERK. /) L $T B-actin 4 & % & i %, TBST
SEMRITEE 3 U NN, 4T, IR E 1 h,
TBST ZZF ok 3 ¥k A Image J B4 BEAT AHXT 2K
FEAB AT

8. it 2=

K H SPSS 16.0 #AT % B4l AT e it o0 b 2
ZH L5 K one-way ANOVA, P #5 LK g #6056 .
P<0.05 NERAGIFE Lo

& R

L AT R

FEMA IR B R 25T, CCLA K RAE CCI
Ja HBLARM G 2R ENI. 52 IMEIFBEAT. Xt
JE 2K R BT ANA 5 MWT/TWL 18 R W, B 381k
(P>0.05). CCIJ5 3K, CCI K MWT/TWL {4 &
FRK, KT ARATHIZERIE (P < 0.05). 5ARATELE,
CCI K MWT/TWL EFFZ: KB ARG 14 K (P <
0.01), FFAEEE 7 RIARIEE (WE 1A, B) .

2. NGF 1 ERK 7F 1E % A Bl % 16 43 A

RO R RS T, B 2 Al WA a5 ths
1) CB-HRP 41 i Bz A7 fi i 40 22 70, A0t e
BT RS, 2 ETESURE T, a0l
P22 0 M A S AR T A AT TR B E L . NGF
PRl R4, S A nitREEHEA
Wit B3] WALESERRiC ) CB-HRP 41 Rl iz
LA TG, p-ERK bRid il 248580, S
WA TE I RIE B AR,
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Thermal hyperalgesia Mechanical allodynia
20+ +—e— CC| +®— Sham 25— +—e— CC| +®— Sham
15 207
O 3 15-
- 104 * =
= 2 10 i
= =S 1
3 %
| *
5 5] *
0 . . . . . 0 . . . . .
Baseline 1 3 7 14 Baseline 1 3 7 14
Days Post-CCl Days Post-CCl
1 CCI REUJBAT Nk

(A) HIRBRI B (B) FUHIREEMNE *P<0.01, S5AT 1 KA
Assessment of behavioral tests in CCI rats
(A) Time course of values for TWL; (B) Time course of values for MWT. *P <0.01, compared with the baseline of rats.

T K B 42 4% NGF Al CB-HRP % XU

CB-HRP fric# &t (L) 5 (B) [A—#fL NGF it (g
276 (3E{0)  Scale bar =100 um

Dual labeling of neurons with CB-HRP/NGF in normal rats

(A) CB-HRP positive neurons (red); (B) The same section showed NGF positive neurons (green); (C) The same section
showed CB-HRP/NGF double labeled neurons (yellow). Scale bar =100 pm

Fig. 1

100 punr

(C) [A—#BA7 CB-HRP/NGF X H#H Fric 4l

Fig. 2

B

ks, S a8
v 4 SO P
- > - a8
- ﬂ'{ N x“« *
. °

b 100 pm

B3 IR KRR ERK A CB-HRP %G XUR
(A) CB-HRP #ric &yt (441 5 (B) [Al—#47 p-ERK Fric &yt (440) 5 (C) [A—#BfL CB-HRP/p-ERK X{
HEAMCAIZLIC (B Scale bar =100 um

Fig. 3 Dual labeling of neurons with CB-HRP/p-ERK in normal rats

(A) CB-HRP positive neurons (red); (B) The same section showed p-ERK positive neurons (green); (C) The same section
showed CB-HRP/p-ERK double labeled neurons (yellow). Scale bar =100 pm

NGF 1RA F] BELE M 0 205 BRI P20 B A Bl il b
EEEEEM. T #— DA R, R
PN M 25 3 5 NGF $iudk. 25 RO B, s %0 5t

3. CCI KB A% # NGF ik Lif
M T a7 — S IGUE B 17 NGF 1 1E 5 K 5 fik
WA RE, P RERES S TSR
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P . Western Blot 45 3k B K BR i ¥ 1% A NGF
T CCIEE 3 RN BT, JHFE: 258 14 R (WK 4) .

4, 0 i =59 S NGF $HiAk nT DL AR #2800 3V
PR N BIRAT

fikt ¥ % 1) NGF 1E CCI A J5 W] & #& &, B ik

NGF $Hif£ (10 pgfi.c.v. )24 h J5, MWT/TWL {H#)#2
(IS .

5. 0 2 3 55 NGF FudR R CCI R BR ik v %
p-ERK )R

MAPK 155 ¥ I K 25 T NGF 1
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WG S HS Y, ARBF R &l A% NGF [l G & il
i ERK 5 5 30 B (0 BoE R T HBURIERM . Fit
5 W NGF i 44 A2 75 52 W firh % #% p-ERK ) K 1%,
SRR, TN =Y NGF Bk 24 h 5, filil
¥ p-ERK (1) 3¢ 75 5 % HR 2 0 S BAAIC,  [RT kb fih ¥ A%
NGF/ERK {55 @62 5 T M &M (I
K6 .

it

Wi DA LA I 0 AV PT LAZ g, — e ik
S ZY, WA BER R W] P AR T
Sham 1d 3d 7d 144
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1.5
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25 0%
Ev
O
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Sham 1d 3d 7d  14d

B4 CCI KRARATZN NGF [3RiE (72 = 6)

*P <0.05, 15 sham ZLAHEL
Fig. 4 Western blotting of NGF in CSF-CN (72 = 6)
*P<0.05, compared with group sham.
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o BRI, EH T -k 0 s A - o e PRI A 7E
XL RN R AEVE TR ? AT B eI, LE -
F R 2 (8] ] REAFAE 3 — FhRR IR (115 B AR 15 45 hy 2k
fio A 15 @ 21 38 o ) i == v 5 CB-HRP 7R BR & 81
CSF-CN = A T i A i T 7K & B Rl g, oz
ST kAR 22 70 B T I SE B P, A SR N i
SRS 2R G, LA 2 bk I - i 57 e 0 i - o 5 9
B 5 M FE Rl o BE AT T R LA A 5 1 A A
I B A ) S5 PR AR R GBI DA O BT &
BiJG, ZHMEAMEIC. W EZBUL FTRER
G ILR R, 4RI A R . A
PR ZH I AR SR A 7 2R B CSF-CN ] g8 57815 5 1
G LRIEA O,  anfil Az BURY R P A
ASIC3. WntSa 15 7 #& B7, ¥ 1) S5 453 i W%,
CCI K BR % 28 M R B AT 0tk A Sk 1),

55 % B0 NGF 75 % 1 9 S+ 48 9 24 1 % 9
RIFVER, TEAMEMEIAEEF, NGF /£ AR
2 KA A EA Y. NGF Hi4k ] LR % CCL
KB EEE L, FEA~Em2 ", BT
NGF (#7835 B A6 56 DL R /KPR v 2 P A
WERIRD . AR TREEETFB, RIER AN
FRUESE T Al A% NGF KiK. 85617 N4 A
Western Blot - 7€ & 43871 & Bl CCT K IR fi ¥ 1% NGF
FIEET CCl a5 3 RITEM . LA R ZRE 14
Ko K A == v B NGF ST 44 mT DAY 5 fi VA%
NGF /" S 195817 . MAPK 13 5 % 53 B8 4 % I
Z 57 NGF NG5S ™, Rt T —2P
B NGF 25 750 1) 70 L, Rl ) Fiog =5 v 5
NGF HiK 5 i i % ERK R IEE LA . 45 5 R B

B

154 .

Thermal hyperalgesia
sk3k

10
0
=
=
= 5 T T

0

CCIl + PBS CCI + control IgG CCI + NGF antibody

B 5 MUNETES NGF JiiAxt CCI R AU B AT B AT 9~ K52 (72 = 6)

MRS R AN A i B AE i 27350 NGF §idk 24 h Jq il &

##P < (.01, 5 CCI+PBS 4AHLL

Fig. 5 The effect of intracerebroventricular injection of NGF antibody on the MWT and TWL in the CClI rats (72 = 6)
MWT and TWL were determined 24 h after NGF antibody administration (i.c.v.)

**P <0.01, compared with group CCI + PBS.
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Sham CCl

PBS control IgG NGF antibody NGF antibody control IgG PBS

+ERK S S S S S
Braclin e mecon  —— — —

c 154
Re]
[%)]
g skt it
g
X 1.0
X %
o
L
g 051 T !
S
X
o
L
Y 0 T T T
Sham + Sham + Sham + CCl + CCl + CCl +
PBS control IgG  NGF antibody NGF antibody control IgG PBS
1.5
c
Kel
[%)]
8=
5 §1.01 T I
S5
=N}
-06 -—
@ .0
25 0.5+
L=
o
o
T 0+ : ;
Sham + Sham + Sham + CCl + CCl + CCl +
PBS control IgG  NGF antibody NGF antibody control IgG PBS
B6 CCIKRMEMZEL ERK [FRIE (72 = 6)
*P < 0.05, 5 sham + PBS 4L, P <005, 5
CCI + PBS 4L Lk
Fig. 6 Western blotting of ERK in CSF-CN (72 = 6)

*P < 0.05, compared with group sham + PBS, "P <
0.05, compared with group CCI + PBS.

NGF $UiAR 4 K R BERK 3R 1A 55 04 0 5 PG
AT L0 i =5 93 5 NGF PR AR A5 AT R 38 i 0 1) ik vk
% NGF/ERK {5 58 i & 15 FLBUs1E A .

PRI AR, 2 WX A NS
5 TRBIRE SR Rz 2 e 8 R I%
[, XTHINBERIREFCIR A . AW 78 3% B A A% 1T
RS HMARBEMEIRT RS ERFIZ . —. K&
WEFLH, ZME BRI PUR AR P81 NGF
AT DL S R KRR IR AT N o AR RS AN ST i 5 i
Bz, Bs5 T 5 8 E 2 G S,
A REIE B 5 K HISRI. s e N b Thig. R,
AT DA DA A2 R B A5, P A 295 B A 1 0
HU, TR M WS A% 0 2 B 22 T T e, Dyt
75 B R VR T SR A R
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