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[ Abstract] Objective To explore the effect of low-frequency electroacupuncture (EA) on neuropathic pain
induced by spinal nerve injury and its underlying mechanism. Methods Thirty-two male Sprague-Dawley rats were
randomly divided into a normal group, a sham spared nerve injury (SNI) group, an SNI group and an SNI+EA
group, each of 8. The rats in the SNI and SNI+EA groups were given SNI surgery, while those of the sham-SNI group
only had the sciatic nerve and its branches exposed without any lesion. EA at 2 Hz was applied over the ipsilateral Zu-
sanli and Kunlun acupoints daily for 14 days after the surgery. The ipsilateral paw withdrawal threshold (PWT) was
measured, along with protein kinase A (PKA) levels in the dorsal horn of the spinal cord, calcitonin gene-related
peptide (CGRP) and substance P ( SP) levels along with transient receptor potential V1 (TRPV1). Results
Compared to the normal group, the SNI groups all showed significant decreases in their PWTs on the affected side and
significant increases in PKA, TRPV1, CGRP and substance P on the affected side. Compared to SNI group, the av-
erage ipsilateral PWT in the SNI+EA group increased significantly after EA treatment, while PKA levels, TRPV1,
CGRP levels and SP expression all decreased significantly. Conclusion Electroacupuncture at low frequency can
effectively relieve neuropathic pain, perhaps through down-regulation of PKA in the spinal cord and by decreasing
pain hypersensitivity related to CGRP and SP.

[ Key words] Spared nerve injury; Neuropathic pain; Electroacupuncture; Transient receptor potential
V1; Protein kinase A; Spinal cord

Fund program: The National Natural Science Foundation of China ( grants 81303038, 81303039 and
81473772 ) ; Zhejiang’ s Provincial Natural Science Foundation ( grants LQ17H270003, LY14H270002,

DOI;10.3760/ cma.j.issn.0254-1424.2017.07.001

YRS HAAL 310053 ATIN Wi 7T A B 2 2750 =l PR B2 27 Be A i 2 A W 2 S i 38 (M oKk 5 BURLEL AT IBe 25 A
RIE TrOIFv ) s WL B2 R IR 20 = BEBE (K 52 TR S5 FEARIE  BRIGEZE (WRAIDF 7 ST ) 5 Wi o B 24 K fi s
LA P RS A R B GBSO )

WIEVEA . 81FF , Email ; fangjianqiao7532@ 163.com



- 482 - B R A SRR 2K 2017 4E 7 H45 39 555 7] Chin J Phys Med Rehabil, July 2017, Vol. 39, No.7

LY14H270007 and LY12H27015) and as a key subject of China’s State Administration of Traditional Chinese Medi-

cine (grant 2013TD15)

o 285 PR 2 — ol P A B 3R G A2 A i AR
B R, FERIC A R R e
T 9 R BRI S SRR T AR VR T A 47 3 Uk
2 g AR B X Kl P R BT i 28 T8 1 B SR 248 Tl
B BAT — 07 50 BB 2K SZ 4K (transient receptor
potential vanilloid type 1, TRPV1) J& F Bff ez 75 H A
BT iE R AR R 2 —" 200 T AN E R R
#2275 (dorsal root ganglion, DRG) |, = L85 FIH AKX
(T Bl KA TR BRI J5T 55 2 55 005 3 PR A R TR T 1Y
ALY SRR A AR R IR G R AE R A
BEZMERNTZ—, SR EERY, TRPVI BT
AL RE AL 24y P ol 28 338 Jo o 515 32 56 PR A S BIK ( calcito-
nin gene-related peptide, CGRP) 1 P #J Jii ( substance
P,SP) YRS IS A (protein kinase A, PKA)
YE28 TRPVI 19 b il Hy Joe, RE 08 £ 1% 1k 2wl 2 1k
TRPVI'®7 . PKA 15 0 M 2805 5 1 3 1 55 A% i, fiE
fiE i 22 3 R CGRP, SP % B¢ ™, % W] PKA-
TRPVI{F 5@ #% 5 CGRP SP Z[HIfF7E Mri/E ], 3
[W) 2 5 &R0 E AR B 00 84 A0 o8 1 850 B i, 7
P2 SR TP AEE AR

HLET & H T2 AR TR A B, BFgeak
B AR R B B A7 AR BT R ML (E R VR AN RE 52
LA 7 RS BT 438 T T S B B R AR
AR AR AR R 7 LR By mT REE . ARSI Hi DI A
FEF WIS 2 Hy 1 AT REIE S T B DRG PKA-
TRPV {5 538 % Fl DRG CGRP SP, % %4 i 2 955 B
JRAVE . H B A TR R A 3 i T 1 A
PKA-TRPV1 155 i % & CGRP SP, #E 17 i 97 # &
WIS DR AR 5 37 R B A b 48 0 SR
P 24351471 (spared nerve injury, SNI) #7155 4%
SNI A5 B R B P 2895 B SCDH. PKA | TRPV1 DL K
CGRP SP 7KV 1728 Ak, B AT AL e %o HE A - T/
PRIFFE SCDHPKA-TRPV1 {5 538 % S i1 >R FH W 41
TR 25 B 0 TR PE BILR

MRS T %

— LK

9 FH ICHR 2 I A ( specific pathogen free , SPF) 2%
fEFEHEE Sprague-Dawley (SD) KB, AT (180+20) g,
W A b ERREBE S sh Pl L B 2GR
S venik7/ SN GE (N G B ] (N A Ry e smIE /L AN
WURLIRDEL (i Sc e sy 3R ) & A koK, 12 h 7
WA,

= A A

S5 BRI X (FRH] UGO BASILE A H]) |
0.25 mmx13 mm ﬁ'&ﬁ‘( i R RIS 245 BR 2 ).
LH-202H & [GOXA7 B 22 fl A (AL 507 ) BRI AR
BCCHAR Fujifilm 23 7)) ; BCA 35 e RE I 7 100 & (27
ZRAF) RIPA 2R (R = RN W) o B
M (B R A]) G HE H Maker (328 Bio-Rad 2y
A]) AR EL PKA HLSCREHTAR (35 [E Abcam A7) |
PR E TRPVI Z 3 BEHTR (36 Abcam 24 H]) |
HPTK R CGRP FTEREPTIR (SEE Epitomics A H])
PR B SP Z PR (3 H Santa cruz 23 ) BRI
E ALY (horseradish peroxidase , HRP ) Fric f) H i i -
31K i A T ( glyceraldehyde-3-phosphate dehydrogen-
ase, GAPDH) ( 2[H Cell Signaling A H]) .HRP #5ic I
PR 1gG ( F E Abcam A H]) (HRP #ric L 04
IgG (3K M Abcam 2% ) | BT 958 4k 7 K 6k (en-
hanced chemiluminescence , ECL) i3] & ( 3 [# Thermo

/NZIDIN
= SRR A5
Z: M8 Tsabelle Z501° Y A B vk, B SD R B

10% 7K 450 (0.35 ml/0.1 kg) J i v SRR % i, A B
A7 [, 7850 2 25 AV X, BB 75, 78 AR DB A v
MR 290.5 em AFATARE B2 5 m DI IF B2 K B 43
BIEINLN , oo ZR B AL B 2 T, S oo 25 A
RG22 LU R AR 28 0 3 A0 32 e p 22 Bkl 28
FHERA AR, F 5-0 22 4005 8 i 2 A BE B ph 22 R R 2
FU, 7 57 T 45 FL A 22 0 s LB 5 o 22 G ) g K 24) 2 ~
4 mm KU, RIBORFEHERG ph &8 8, B A
WLR R R . T ARALR I M2, NEEFLUIH, 45
TR R B s it L Ah B AR S e DA R
TRERER S R AR T RE N T RS A BT R, R
P 22055 LR AR Dl ST

LS 4 R 1= o R

B R EBENL A N2 X IR R ARY] BRI IR
2 AT, B 8 H, WS 1 d R AR
AR R TR E T, BORM«“ 2 =8" “R4t”
7, BT I R LH-202H i FG 5 #ft 28 il A8 8 %
P, RIS 0. WK 2 Hz; 58 1 mA 10 min, 2 mA
10 min .3 mA 10 min, 3t 30 min, 5 H T3 1 &%, 2T
14 d, 25 AR R TR SNI A K A G
I7 A T AR A2

T PWT il &

SR FH B 285 R R I A SRS R B A J 12 4 J PR



rhARY PR R G RS 2R 2017 4E 7 H 45 39 45 7] Chin J Phys Med Rehabil, July 2017, Vol. 39, No.7 - 483 -

(paw withdrawal threshold, PWT) , 7§ A K B AL I o
WALRIFEAR, 3 T AT 1 d RS 1 d AT
B S AT 1 d.3d.7 d 14 d 6 ST E] S AG
PWT, ¥ K BUE T2k 22 W I (1) 355 B 50 kL & P93 B 26
B 9 K BUEE IE AR R G s AR B B & 453 3l s TR 8RN
o B4R 22 IE X R ORI 5 2 B AN 173, I8 shl
WA, 4 Jm 22 B IR E SRS [ 3l 4, X6 R U RSt i
SR, L R RS A 4 T Akl S, K Rk s P F
O SEARIE R B 3 A R KB PWT, 3 i
FHNE S5 50 ¢, i K B SZ 8, A0 A A
HRREZM 3 % BIEE R PWT,

7N Western blot £l SCDH PKA .TRPV1 .CGRP .
SP ik IK-

B R BIBEHLEC 5 A Western blot £ AR K
ME AW, H 10%7K 5 A (0.35 ml/0.1 kg) I8 =
TSRS, M2 85 O WE, 2 420 % T RS kA
FEERTK (4 C TS ) P v | B 30 0 VA V8 T AR
SRR ICET W Ik P B K R BEA R, )
B P 00 R 2 R A RS BOR I R A
-80 CIR:AE, RIPA ZfH L5, M Bt & H .
MR B 20 e, HLUK VR 45 B HL R R 80 V),
30 min, 7} B HL A 120 v, 90 min, B HL K O
HEEN BSR4 Z N (0.45 um) b, & 5% MR T 1Y
PRV (tris buffered saline and tween, TBST) (pH7.5)
FIREA 1 h 5, B A BT B PKA e T4k
(1:1000) ., 4 3 $1 X Bl TRPVI 5 3¢ f& i 1K
(1:1000) Fdi KBl CGRP Sz REHiik (1 : 1000) |
BRI SP Z e BEHUA (1 1000) bt KEGAPDH
PATTREGIIAR (10 1000) ,4 C W H 717, TBST #&¥t 3
U5, TRPVL il A HRP FRic 9 P48 = (1 : 10000) ,
PKA, CGRP, SP Jil A HRP #3ic th £ $i & 1gG
(1:10000), % IR 2 h, TBST ¥ 3 X, F ECL
HE & G & R, Image Quant LAS 4000 A 4%,
Image Quant TL7.0 43H7 8 FH 455 K

£ . GitEonik

AR A SRR (2+s) B RN, 24
[a] Fb & FH 5 2243 M7 ( analysis of variance, ANOVA) |
ZHIE) G PR g, T R /N EE R
(least significant difference, LSD) K5 , J 25 A 55 i >R
JH Dunnett’s T3 Ko %, P<0.05% /R Z R H G ¥ 5
X,

# X

— 2 Hz AT SNI KRN PWT A9 521
TERCRT , 441K BULRE PWT i, 22 5 g it
B (P>0.05), MG 1d, 52 Ax B4 w®, BT

AR PWT A DLW A (P>0.05) 5 L& T TS, 545
AU R H R, FEE T T 45 A B ) A B PWIT 45 5
ZFAGEE L (P<0.01)

.2 Hz LB SNT K BRI SCDH PKA 7K1
Al

523 O IR LA R R 4Rl SCDH PKA 7K
R 2 AR AL (P>0.05) 5 A% B X BE 4 R il SCDH
PKA H7KF 198 (P<0.01) s SRR R4 LU, WL BT
THLLARM SCDH PKA BY7KF R R (P<0.05), I
K1,

RSB

FEMEA BFERE HENEA S4TR4A
PKA e < < cE—

GAPDH D G S S
120

—_
(=3
(=)

80 [ I

60

40 -

PKA(% of GAPDH)

20 |

BFERA BRMEE wHTFRA
EEG14 d

ZEMNEA

. 523 [0 R AH LB, 2 P<0.05; 54 5 %) B4 He A, P P<
0.05
1 AL KREARM SCDH PKA ik HE

=2 Hz HLEFXT SNT K ERARM SCDH TRPV1 7K
FA) 52 ]

s AXT A L, B FARLAM SCODH TRPV1
TR R B P2 (P>0.05) 5 1% BR 40 Al SCDH
TRPVI I7KF 38 (P<0.01) 5 SAE RIS R4 &L, A
FHFiZH A M SCDH TRPV1 /K T B ( P<0.01) .
TEULIE 2,

Y .2 Hz HLEF X SNT K BRI SCDH CGRP 7K F-
FA) 5 )

523 o A i, B F R4 ARM SCDH CGRP
B R WL 25 2078 (P> 0.05) ;5 #5580 X6 HE 26 A
SCDH CGRP 7K Fil (P<0.01) ; 5 REHIXS FRZH [
B AT 4L AR M SCDH CGRP Ay /K - F B ( P<
0.05), LA 3,

1.2 Hz HLEFXF SNI K BRI SCDH SP 7KV Y52
M

525 AR IR L E B TFARLUR M SCDH SP 7K
AR L 2 R (P>0.05) 5 BT R ZH AR SCDH SP
B 7K 3R (P<0.05) 3 S50 % B4l b, r 1
AR SCDH SP H/KFE T FE(P<0.01) , TEILIE 4,



. 484

TRPVI1

GAPDH o

80

TRPVI1(% of GAPDH)
B (=3
o o
T T

[
o
T

Ay R 2 SRR 2 AR

2017 4E 7 A% 39 %% 7 Chin J Phys Med Rehabil, July 2017, Vol. 39, No.7

RWHHEE A

ZENEA RFREA  HEMEE s THR4A

| ——
P

— 2
cm—
a
I b

0.05

CGRP
GAPDH
120

100

80

60

40

CGRP(% of GAPDH)

20

ZEMNEA BRFERE  HAENEA HAH T HA

EEG14 d
L2 X BB R, *P<0.05; 5L A A, PP<
B2 BHKEAM SCDHTRPVI K HL#
RS A
FEnBEHE BRFEFRE BENE4A S4FER4A
- —— ———
-— - —

ZEMNEA BRFERE  HAENEA HAH T HA

EEG14 d

528 AR IR HLER, 2 P<0.05 ; SR IR 20 Hde , P P<0.05

SP

GAPDH
140

—
[
o

100 |-
80 |
60 |-
40 |

SP(% of GAPDH)

20

3

§EI

?i

A2 KRN SCDH CGRP /K- 3%
ROE S A

A B\RFREA HENEE SBHTFE4A
f——
- ———

b

%

-
.

_

FEM A BFERA BRMEE wHTFRA
EEG14 d

T 525 I IRZH F 4, * P<0.05 5 SR %f FR2H He 4, P P<0.05

Ha4

20 K BRI SCDH SP /K- L

i

SN AR A i 15 7 5, AILBRUTRG UK TR A, R P ot
JE T AF S B At 2805 HEL R SRS R A
SNI BEAI A FGE AR5 1 d BRI B AL ﬁfz%}ﬁﬁ%, PL K
AT R R RE ST T REEAT N AR RS
AL SRR, I SN A5 7 8 L 05 K Bl 9 B
L TRaa o £ S

TRPV1 j& TRP KK 12—, 7E P X B 381
KB JE K /i%#iﬁu%‘[ﬁﬁf ke R
JEVEST TRPV 330 7] GE R AL B i 283 43 25 FL A 7Y
/BRI B TR B bF T BT AR A 20 I 40 3 Ak
PR GFAP il Thal MR KKFEY #5 TRPVI
57 25 B 0 A Ak R A B R AR
RIvh [E 04 86 TRPVL 35 TH i, i 6k 4 6 v
TRPV1 FikAL AR 812 {5600 TRPV1 3k (13855
S TRPV1 Z 5 i g e 857 i v] e tEALT . PKA 1E
H G E IR RS G S s P s, AR A RE T
AP AEER L, BFE MELE], PKA fE08 L IEm iR 1k
TRPV1, #E ik 2> TRPV s iy H A9 >, [\ A,
PKA Fik iy L ARE B ML TRPVIY | W] PKA 4
F1 TRPV1 BERRAL AR IR R XS TRPVL Y3 B A
WEEAEM, ANRBU T AR X TRPV L S8R BIL ] 9 BF
FETOIEL R 2 Hz AT REIEE Ly B2 4540 (SNL)
RIR BRI DRG TRPV1 % 1k, MM 2% fi# SNL
K EEHLARIR B, (I VE FHBEDE PKA 330157 db-cAMP
RPN B E T pl 22 B Y A0 R ML o A A
PKA-TRPV1 15538 [ , FLARA £ BE @ i I i 15
T S AR EURAE . ASFST o, SN 2895 Bl K
AR SCDH PKA . TRPV1 [ 32ik /K F3 B2 T4 &
278 PKA-TRPV1 (5 5@ n] S5 T M &0 FLR
H O REERAL . FEL BT EER R R T R BB A REAE A
FERIN,2 Hz HLUEFRE T 18 X P JER 252 Bl 20 5 1)
Tk, EERURERTY . AR R B E], 2 He
BB 25 4R R SNT B AL K B AILAROR B, [A] A i 3 T
J# SCDH PKA \TRPV1 /K-, $2& 7 I 451 &1 7] BE 31 i1
HHX PKA TRPV1 A 7KF-, DT T 381 AR 59 £ 5 1)
f&ik

CGRP SP J& T JIKZS 4o Jo , 401 7E A 245 R 45 3R
MR BRI 2o, AR R, A5 M
Y CGRP .SP 5 PKA .\ TRPV1 £ o ik i 2 b &
PLHEIVE ], CGRP \SP 5 PKA TRPV1 Z [f] Al 4 H {f¢
HE R (1 — A5 B AR, A 8 SR 44 g 2+
AT 5T R R L SR 2], #h 22 851455 ), SN j:ﬁﬁﬁﬁﬂtm
SCDHPKA . TRPV1 ik /KF/Y 1, CGRP F1 SP AY/K
AL . 2 Hz A E—ZCT 98 SCDH CGRP



rp Ay S o 5 R AR Z s 2017 4F 7 A 5F 39 B4 7 )

Chin J Phys Med Rehabil, July 2017, Vol. 39, No.7

. 485 -

SP [{7KF- 33 A AE 2 HL AT T T A B F) PR HIL A
Z—O

L L PNIR  RWTTEAE SRR, L SNI #h 2 A 1L fr)

e B BRI A PKA-TRPVL 15 5 B8 15 AL , i Sk
22385 CGRP \SP 7K~ B Ft . fIRA0 HL £ RE i 5 SN AR
RIG IR 2 B, vl 685 H T B 88T M PKA-
TRPV1 i %5 CGRP .SP /KP4 X%,

[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

2 % x #t

Jensen TS, Baron R, Haanpii M, et al. A new definition of neuro-
pathic pain[ J]. Pain,2011,152(10) :2204-2205.

Ramsey IS, Delling M, Clapham DE. An introduction to TRP chan-
nels[ J]. Annu Rev Physiol,2006,68(1) :619-647.

Ma QP. Expression of capsaicin receptor ( VR1) by myelinated prima-
ry afferent neurons in rats[ J]. Neurosci Lett, 2002,319(2) ;87-90.
Palazzo E, Luongo L, de Novellis V, et al. Moving towards supraspi-
nal TRPV1 receptors for chronic pain relief[ J]. Mol Pain,2010,6:
66.

Kanai Y, Nakazato E, Fujiuchi A, et al. Involvement of an increased
spinal TRPV1 sensitization through its up-regulation in mechanical al-
lodynia of CCI rats[ J]. Neuropharmacology,2005,49.977-984.
Malek N, Pajak A, Kolosowska N, et al. The importance of TRPV1-
sensitisation factors for the development of neuropathic pain[ J]. Mol
Cell Neurosci,2015,65:1-10.

Bhave G, Zhu W, Wang H, et al. cAMP-dependent protein kinase
regulates desensitization of the capsaicin receptor ( VR1) by direct
phosphorylation[ J]. Neuron,2002,35(4) ;721-731.

Sun RQ, Tu YJ, Lawand NB, et al. calcitonin gene-related peptide
receptor activation produces PKA- and PKC- dependent mechanical
hyperalgesia and central sensitization [ J]. J Neurophysiol, 2004, 5
(92) :2859-2866.

He Y, Wang Z. Paclitaxel, at ultra low sub-apoptotic doses, induces
substance P release via synchronized activation of PKA and PKC[J].
J Pain,2010,11(4 Suppl) :S25.

Cheng RS, Pomeranz B. Electroacupuncture analgesia could be medi-
ated by at least two pain-relieving mechanisms; endorphin and non-
endorphin systems[ J]. Life Sci, 1979,25(23) :1957-1962.

U A= RE A T A RS R P i 2 R R ()] bR
2FEIR (BEER) |, 2002,34(5) :408-413.

INERI, EBE, mlf, 25 2 Hz B A sd e i 2 UM K B R

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

AR ORIV A B HF S [ 1] B B2 2 4% 35, 2003, 9
(4) :220-224.
Jiang YL, Yin XH, Shen YF, et al. Low frequency electroacupunc-
ture alleviated spinal nerve ligation induced mechanical allodynia by
inhibiting TRPV1 upregulation in ipsilateral undamaged dorsal root
ganglia in rats [ J]. Evid Based Complement Alternat Med, 2013,
2013.1-9.
FEokosE TN TR T | S5 AR HL B % 2 25 LK BUR BfL
BT IERILT] . b E A e 5 52k, 2014,20(3) :211-214.
KT, TN RIS | A ARSI T Bcsg SNL LAY LR #h
ZOR AR BOR AR IHLHI [ 1], B4 24k, 2014, 33
(5) :476-479.
Isabelle D, Clifford JW. Spared nerve injury; an animal model of per-
sistent peripheral neuropathic pain[ J]. Pain,2000,87(2) :149-158.
FARBE, TrEITE B, A R RO BESR I R ik [ )] e A
Z4,2011,40(2) : 115-116.
MEE, FIEA, Sk, 3 Fhdh 2 Bk PR R U BL R IEN [ T].
HIRBE,2011,40(1) :3-6.
Pertin M, Allchorne AJ, Beggah AT, et al. Delayed sympathetic de-
pendence in the spared nerve injury (SNI) model of neuropathic pain
[J]. Mol Pain,2007,3(21) :1-10.
Xia R, Dekermendjian K, Lullau E, et al. TRPV1: a therapy target
that attracts the pharmaceutical interests [ J]. Adv Exp Med Biol,
2011,704.:637-665.
Chen Y, Willcockson HH, Valtschanoff JG. Influence of the vanilloid
receptor TRPV1 on the activation of spinal cord glia in mouse models
of pain[ J]. Exp Neurol, 2009,220(2) :383-390.
Facer, Paul C, Maria AS, et al. Differential expression of the capsai-
cin receptor TRPV1 and related novel receptors TRPV3, TRPV4 and
TRPMS in normal human tissues and changes in traumatic and diabe-
tic neuropathy[ J]. BMC Neurol ,2007,7(1) :11.
Bhave G, Zhu W, Wang H, et al. cAMP-dependent protein kinase
regulates desensitization of the capsaicin receptor ( VR1) by direct
phosphorylation[ J]. Neuron,2002,35(4) ;721-731.
Spicarova D, Palecek J. The role of spinal cord vanilloid (TRPV1)
receptors in pain modulation[ J]. Physiol Res, 2008,57(3) :69-77.
Vetter I, Wyse BD, Monteith GR, et al. Opioid agonist morphine
modulates potentiation of capsaicin-evoked TRPV1 responses through
a cyclic AMP-dependent protein kinase A pathway[ J]. Mol Pain,
2006,1(2) :22.
(&1 H #:2017-04-13)
(AR % B



