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Abstract

Glial cell line-derived neurotrophic factor (GDNF) has been proved to play an important role in the modulation of nociceptive transmission
especially during neuropathic pain. It was reported that electroacupuncture (EA) had potent analgesic effect on neuropathic pain and our previol
studies indicated that EA could activate endogenous GDNF signaling system (GDNF and its receptet)@Borsal root ganglions (DRGSs)
of neuropathic pain rats. In order to investigate whether GDNF signaling system was involved in EA analgesia on neuropathic pain, which was
induced by chronic constriction injury (CCI) of the sciatic nerve in rats, antisense oligodeoxynucleotide (ODN) specifically again&tvaisR
used in the present study to result in down-regulation of &HRexpression. The results showed that: (1) cumulative EA had potent analgesic
effect on neuropathic pain in rats; (2) the expression of &R DRGs was down-regulated by intrathecal delivery of antisense ODN, but not by
normal saline (NS) or mismatch ODN; (3) EA analgesia was significantly attenuated by antisense ODN treatment. The present study demonstrate
that endogenous GDNF signaling system was involved in EA analgesia on neuropathic pain in rats, which would deepen our realization of the
mechanism of EA analgesia.
© 2005 Published by Elsevier Inc.
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1. Introduction of neurons, GDNF has been proved by previous studies to play
an important role in the modulation of nociceptive signals espe-
GDNF was originally purified from a rat glioma cell-line cially during neuropathic paif,6,13,36]
supernatantas atrophic factor forembryonic midbrain dopamine Injury to the nervous system occasionally leads to persistent
neurons[24], and was later found to have potent survival- neuropathic pain, which is characterized by the combination
promoting effects on various types of neurons including primaryof spontaneous burning pain, hyperalgesia and allodynia. Such
sensory neurong,8,22,28] The biological action of GDNF is pain is often intense and refractory to conventional analgesic
mediated by a two-component receptor complex consisting of therapy. Acupuncture, which has been practiced for over 2000
glycosylphosphatidylinositol-linked cell surface molecule, theyears in China, has long been used to relieve pain. Acupuncture
GDNF family receptor GFR-1 (originally named GDNFRy), is one of the most promising supplementary medical treatments
which acts as a ligand binding domain and the receptor proteim pain management because it is known to be effective in certain
tyrosine kinase Ret, which acts as the signal transducing domaipainful conditions, it is easy to apply, the cost is low and side
GDNF is thought to bind preferentially to GleRL and GDNF  effects are minimum. In clinic, acupuncture is an established
fails to exert its biological action in the absence of GFR  adjuvant analgesic modality for the treatment of chronic pain.
Besides its potent survival-promoting effects on diverse groupg&lectrical stimulation of acupuncture points, which is called
electroacupuncture (EA), is widely used both in clinic and in
basic experimental studies. It has been shown that EA had potent
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was mediated by endogenous pain modulating system such a&ve) and ‘Yang-Ling-Quan’ (GB-34, located near the knee joint, anterior and
the opioid system. However, the mechanism of EA analgesi#ferior to the small head of the fibula, in muscle peroneus longus and brevis,
on neuropathic pain has not been fuIIy understood. since EA/here the common peroneal nerve bifurcates into the superficial and deep per-

has comprehensive modulating effects on the nervous svste oneal nerves). The two needles were connected with the output terminals of an
p v ulating VOus sy r(I,]téctro.slcupuncture apparatus (Model G 6805-2, Shanghai Medical Electronic

It was report_ed that endOQG't]OUS GDNF in the rat’s-brain miQhApparatus Company, China). Alternating strings of dense-sparse frequencies
be involved in the therapeutic effect of EA on Parkinson’s dis-(60Hz for 1.05s and 2 Hz for 2.85's alternately) were selected. The intensity
ease inrats lesioned by medial forebrain bundle transe[ﬁﬁ_‘}n was adjusted to induce slight twitch of the hindlimbl(mA, 12 V), with the
Our previous studies showed that EA could activate endogenoﬂgensity lasting for 30 min. EA was administered once every other day from the
. . . . seventh day after CCl surgery until the end of the experiment.
GDNF and GFR-1 signaling system of rats with neuropathic
pain mduged by CCI of the sciatic nerve, and both mRNA, 3 5 ioral test
and protein levels of GDNF and GlRL in DRGs of neuro-

pathic pain rats were enhanced by EA treatnjgh}. However, The paw withdrawal latency (PWL) to radiant heat was examined as pre-
whether endogenous GDNF system was involved in EA analviously decribed5] for evidence of heat hyperalgesia in animals using the

gesia on neuropathic pain remains to be determined. To teiodel 336 combination unit for paw stimulation (IITC/Life Science Instru-

: : : L : : ents, USA). The rats were placed beneath an inverted, clear plastic cage upon
whether a signaling protein molecule participates in a glverg]n elevated floor of window glass. After an adaptation period of 30 min, radiant

p_hy§'0|09|cal_ or pathological aCt“{'Fy' the mOSt. concise and CoNpga¢ (50W, 8V bulb) was applied to the plantar surface of each paw until the
vincing way is to apply the specific antagonist to its receptoranimal lifted its paw from the glass. The time from onset of radiant heat appli-
Unfortunately, the specific antagonist for the receptor of GDNFeation to withdrawal of the rat’s hindpaw was defined as the PWL. The heat was

has not been available. However, antisense oligonucleotide strdpaintained at a constant intensity, and a cut-off time of 20 s was imposed on the
egy, an approach successfully used for many yéh34] stimulus duration to prevent tissue damage.

could be a reliable alternative. It was found that intrathecally2 4. Antisense oligodeoxynucleotide

injected antisense ODN could be uptaken by DRG cells and the
expression of endogenous molecules in DRG could be success- pown-regulation of GFR-1 was obtained by intrathecal (i.t.) deliv-
fully down-regulated by intrathecal antisense ODN treatmentry of antisense ODN specifically complementary to a segment of the
[15,20] Therefore, the present study used antisense strategy $gduence of GRir1 mRNA. The sequence of antisense ODN wesTAG-
down-regulate the expression of G&R and to investigate the GAACATGGTGCC-3[37]. Another 15-mer ODN with four mismatched bases

. . . . . (5-TAGAGACTAGGTGCC-3) was used as the control. These two kinds of
role of GDNF signaling system in EA analgesia on neuropathicyy were fully phosphorothioated
pain of rats.

2.5. ODN administration
2. Materials and methods
Both antisense and mismatch ODNs were used at a doseuaf 83solved
2.1. Experimental animals and induction of neuropathic pain in 5l of nuclease-free NS and each i.t. injection of ODN was followed py 9
NS flush.

Experiments were performed on adult male Sprague—Dawley rats (Experi- Chronically indwelling i.t. catheters were implanted into the subarachnoid
mental Animal Center, Shanghai Medical College of Fudan University, China)space of lumbar enlargement of rats according to the method described previ-
weighing 200-220 g. Prior to experimental manipulation, rats were allowed tausly[38] for ODN administration. The animals were allowed to recover from
acclimate for 1 week and maintained on a 12-h light:12-h dark cycle with freethe implantation surgery for 3 days prior to any experimentation, and monitored
access to food and water. In order to minimize the number of animals used ardhily after surgery for signs of motor deficiency. Rats that showed any neuro-
their suffering, all rats in the study were used strictly in accordance with theogical deficits resulting from the surgical procedure were excluded from the
National Institute of Health Guide for the Care and Use of Laboratory Animalsexperiments. Location of the distal end of the intrathecal catheter was verified
and the guidelines of the International Association for the Study of [Bain at the end of every experiment by injection of Pontamine Sky Blue via the i.t.

The hyperalgesic state was induced by CCI of the sciatic nerve with fourcatheter.
loose ligatures as previously descriljgtl Briefly, under isoflurane anesthesia,
the left sciatic nerve was exposed at the level of middle of the thigh by blunt 6. Western blor analysis
dissection through biceps femoris and four 4-0 chronic gut sutures were each tied
loosely with a square knot around the sciatic nerve. In every animal, anidentical  Gjyen an overdose of urethane (1.5g/kg, i.p.), rats were sacrificed and the
dissection was performed on the right side, except that the sciatic nerve was npli_| g prGs were collected in dry ice and stored-at0°C until assayed.
ligated. All animals postoperatively displayed normal feeding and drinking. Ing5cp assay sample consisted of the pooled unilateral L4-L6 DRGs from one
order to assess the neuropathic pain, rats were tested for thermal hyperalgegia gach sample was weighed and homogenized in 1.5ml of sample buffer

on the fourth day after CCI. (0.01M Tris—HCI buffer (pH 7.6) containing 0.25M sucrose, 0.1M NaCl,
1 mM EDTA and 1 mM phenylmethylsulfonylfluoride) at €. Supernatant after
2.2. EA administration 12,000 r.p.m. centrifugation for 10 min was used for Western blotting. Samples

(30p.g of total protein) were dissolved with equal volume of loading buffer

For EA treatment, rats were placed in wood holders. The rat was bound0.1 M Tris—HCI buffer (pH 6.8) containing 0.2 M DTT, 4% SDS, 20% glycerol
moderately to the holder so that the movement of the rat’s body was restraineghd 0.1% bromophenol blue), separated on 10% SDS-PAGE and then electro-
while the limbs could move freely. Rats were allowed to acclimate for 30 mintransferred at 100 V to Immun-Blot PVDF membrane for 1 ha€4Membranes
before EA treatment. According to our previous st{itly, 25}, ‘Huan-Tiao’ and were blocked in TBST containing 5% non-fat dried milk overnightadéefore
‘Yang-Ling-Quan’ acupoints were selected. A pair of stainless steel needles ahcubation for 2 h at room temperature with anti-GFR polyclonal antibody
0.3 mm diameter were inserted with a depth of 5 mm into the contralateral (ir{1:1000, Sigma, USA) diluted in TBST containing 5% BSA. Blots were washed
a respect of performed CCI) acupoints ‘Huan-Tiao’ (GB-30, located near theextensively in TBST and incubated with goat anti-rabbit IgG conjugated to
hip joint, on the inferior borders of muscle gluteus maximus and muscle piri-horseradish peroxidase (Amersham) in TBST/1.25% BSA for 1 h at room tem-
formis; the inferior gluteal cutaneous nerve, the inferior nerve; deeper, the sciatigerature. The signal was detected by an enhanced chemiluminescence method
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(ECL kit, Amersham), and exposed to Kodak X-OMAT film (Eastman Kodak, o CChEA

—O0— CClI

Rochester, NY, USA). The intensity of the selected bands was captured and 14- —v— Normal

analyzed using GeneSnap Image Analysis Software (Syngene, UK). W

2.7. Reverse transcription-polymerase chain reaction (RT-PCR)
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Rats were sacrificed with an overdose of urethane (1.5g/kg, i.p.) and
the L4-L6 DRGs were collected in dry ice. Total RNA extraction was per-
formed using the Trizol reagent, following the instructions of the manufacturer.
RNA was further purified using the RNeasy kit according to the RNA clean-
up protocol, and eluted in 20 of RNase-free distilled HO. The amount
of RNA was measured spectrophotometrically. Total RNAw§) was used
for the synthesis of the first strand of cDNA using the SuperScript reverse
transcriptase. Briefly, RNA, oligo (dT)18 primers (Q.§/w.l) were first dena-
tured for 5min at 65C, chilled on ice for 1min and then incubated for
50 min at 42C, 15min at 70C in 20pl of a reaction mixture contain-
ing 10x first-strand buffer, 10mM dNTP mix, 0.1 M DTT and 50 units of
SuperScript Il reverse transcriptase. The sequences of primers for GFRjg. 1. Analgesic effects of EA on CCl-induced heat hyperalgesia in rats. EA
1 were as follows: forward: "ATTGGCACAGTCATGACTCCCAAC-3 a5 administered once every other day from the seventh day after surgery until
1178-1201, reverse! BSBAGGAGCAGCCATTGATTTTGTGG-31599-1622  the end of the experiment. Values are mea®.E.M. (CCI group and CCl + EA
(U59486)[35]; p-actin forward: >CACCATGTACCCTGGCATTG-3reverse:  groupn=12; normal group:=6) *P<0.05,” P<0.01,"™ P<0.001 vs. CCI
5-TAACGCAACTAAGTCATAGT-3'. The primers were synthesized and puri- group.
fied by Shanghai Institute of Biochemistry, Chinese Academy of Science. One
microliter of cDNA was added to 48l of PCR mix containing % PCR bulffer,

18 pmol/l concentrations of each primer, 2.5 mM of dNTP and three units of Ta
DNA polymerase. PCR reaction was performed as follows: 12 min a€%4
activate the Taq polymerase, followed by 30 cycles of 45 s a€945 s at 60C

and 1 min at 72C. A final elongation step at 7Z for 10 min completed the
PCR reaction. Each PCR production (llpwas electrophoresed in 1% agarose 2.9. Data analysis

gel, visualized by ethidium bromide staining and scanned with ultraviolet tran-

silluminator (GDS 8000, Gene Tools from Syngene software, UK). The PCR  Data are presented as meaf$.E.M. and analyzed by SPSS 10.0. Repeated
quantitative method takes advantage of the fact fhattin was employed as measures analysis of variance (ANOVA) followed by S-N-K test was used
internal standard in the same condition. All the results were expressed as ratié@ post hoc analysis for differences between groups0.05 was considered

of the intensity of the GF&-1 bands to that of-actin band. statistically significant.
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RG) from the ipsilateral DRGs and the mean of the percentages of immunore-
ctive neurons was calculated. The investigator responsible for image analysis
was blind to the experimental condition of each rat.

2.8. Immunohistochemsitry 3. Results

Rats were given an overdose of urethane (1.5 g/kg, i.p.) and perfused through 7. Effect of EA on heat hyperalgesia of neuropathic pain
the ascending aorta with 200ml of normal saline followed by 300ml 4%, .
paraformaldehyde in 0.1 M phosphate-buffer (PB, pH 7.4). The L4/5/6 DRGs
were then removed, postfixed in the fixative solution for 4 h*& 4nd immersed . Lo
in 30% sucrose in PB for 24-48 h at@ for cryoprotection. Frozen sections As reported previouslfb], CCl to the sciatic nerve produced
(30pm) were cut and collected in cryoprotectant solution (0.05M PB, 30%Severe heat hyperalgesia in the ipsilateral hindpaws. From the
sucrose, 30% ethylene glycol) and then stored20°C until use. seventh day after surgery, the rats with neuropathic pain were
GFRx-1 immunohistochemistry was performed as previously describedrandom|y divided into two groups, and EA was administered

[40]. Briefly, following three 15-min rinses in 0.01 M PBS, the sections were .
preincubated for 30 min atroomtemperatureinablockingsolutionof3%norma|n one group from the seventh day after surgery, once every

goat serum in 0.01 M PBS with 0.3% Triton-X 100 (NGST) and then incubatedOther day, until the end of the experiment. On the days of EA
in rabbit anti-GFR-1 polyclonal antibody (1:1000, Sigma, USA) diluted in treatment, PWL was examined before EA treatment to avoid
1% NGST at 4C for 48h. The incubated sections were washed three timeghe disturbance of immediate influence of EA on pain behavior.
in 1% NGST and incubated in biotinylated goat anti-rabbit immunoglobulin GAnother group of rats without CCI or EA treatment served as

(lgG) (1:200, Vector Laboratories, Burlingame, CA) for 1 h at room tempera- . L
ture. The sections were then washed three times in 1% NGST and incubated l‘grormaI group. As shown Ifrig. 1, |pS|IateraI PWL of the EA

1h in avidin—biotin—peroxidase complex (1:200, Vector Laboratories) at roonfr€atmentgroup increased gradually compared with those of CCI
temperature. Finally, the sections were washed three times in 0.01 M PBS, argroup, and the difference was statistically significah Q.05
immunoreactive products were visualized by catalysis of 3,3-diaminobenzidingg <0.001,n = 12) after three times of EA treatment (from the
(DAB) by horseradish peroxidase in the presence of 0.02@,HThe sections 12th day after surgery).
were then mounted, dehydrated and covered.

To test the specificity of the primary antibody, controls were performed, . .
including the substitution of normal rabbit sera for the primary antibody and3-2. Effect of antisense ODN on GFRa-1 expression
omission of the primary antibody. None of these controls showed any sign of
immunohistochemical reaction. To determine the down-regulation of GER expression,

For quantification, images of positive staining in the DRG sections Wer-:-:r?tS were sacrificed after 3 days deIivery of ODNs and ipSi-

captured and analyzed using Leica Q500IW image analysis system. The tot, .
number of neurons and the number of neurons positive forlGER1munoreac- ﬁ"‘teral L4/5/6 DRGs from different groups were removed and

tivity were counted for each section and percentages of immunoreactive neuro@sSayed using Western blot analysis, RT-PCR and immunohisto-
were calculated. For each animal, nine sections were taken (three of each L4/sghemistry. A single band~58 kDa, coincident with the known
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Fig. 2. The down-regulation of GFR1 expression by intrathecal delivery of antisense ODN. Western blot analysis detected a protein-ba D, coincident

with the known molecular weight of GFR1 (A). PCR products of expected size were acquired corresponding ta-GRR). Images were shown for GeRL
immunostaining in the ipsilateral L5 DRG of antisense ODN treatment group (E), mismatch ODN treatment group (F) and NS treatment group (G} Wieeaesult
quantified and demonstrated. The optical densities of immunoblot bands were expressed as a percentage to that of the NS group sample (100%) AB). The i
levels of different group were expressed as a ratio to that of correspopdintin (D). GFRx-1-immunoreactive (GF& 1-ir) neurons were quantified as described

in Methods and Materials. The number of Gk-R-ir neurons was expressed as a percentage ob&GFR neurons to total neurons (H). Values are mgzBiE. M.

(n=6in each group) P<0.01,"” P<0.001 vs. NS groug#P < 0.01,#p <0.001 vs. mismatch group. Scale bar = 1.00.
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molecular weight of GFR-1) was detectable in western blot 14 T8~ EAvhntisense
analysis as immunoreactive G&R. (Fig. 2A). Samples treated —v— EAsMismatch

without first antibody did not obtain any detectable band at e

the same position (data not shown). Density analysis showed
that expression of GFR1 protein in DRGs of the antisense
ODN group was significantly inhibited compared with that of
NS group or mismatch ODN group € 0.01,» =6,Fig. 2B). RT-

PCR analysis obtained an expected 444-bp product ford’GER
MRNA (Fig. 2C). Semi-quantitive analysis showed that mMRNA
level of GFRx-1 in DRGs of antisense ODN group was sig-
nificantly decreased compared with that of NS group or mis-
match ODN group# <0.001,n =6, Fig. 2D). Immunostaining N
of GFRx-1 in DRG sections is shownF{g. 22-G) and the 0 56 8 10 12 14 16 18 20 22 24 26 28 30

number of GFR-1-immunoreactive (GF& 1-ir) neurons was Time Post-CCl (days)

f:ounted. As Sh.OWﬂ-IFllg. 2H, the number Of. GFR-1-irneurons Fig. 3. Effects of antisense ODN against GER on EA analgesia. Antisense

in DRGs was significantly reduced by antisense ODN tr(:"atmertt)DN was delivered at a dose of @@ per injection (once daily) for 8 days
(P<0.001,n=6). The results of the above different analysessince the seventh day after CCI surgery. EA was administered once every other
conformably showed that the expression of GFRin DRGs  day from the seventh day after surgery until the end of the experiment. Values

was significantly knocked down by antisense ODN treatment. are meant S.E.M. (CCI group: =6; the other three groups= 12)"P<0.05,
P<0.01vs. EA+NS groug'P <0.05,"P <0.01 vs. EA + mismatch group.
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3.3. Effect of antisense ODN on EA analgesia
GDNF has been recently proved to play an important role

Thirty-six rats were randomly divided into three groups andin the modulation of nociceptive signals especially during neu-
i.t. catheters were inserted to the subarachnoid space of lumbeopathic pain. In the peripheral nervous system, a distinct sub-
enlargement on the fourth day after CCl surgery. On the seventiroup of small DRG cells, which is believed to play nociceptive
day, the rats received i.t. delivery of antisense ODN, mismatclfunction, expresses GDNF receptor components and GDNF
ODN and NS, respectively. ODN was delivered at a dose ohas been shown to protect these neurons after nerve injury
30p.g perinjection (once daily) for 8 days. EA was administered[3,4,27] GDNF was found to coexist with pain-related sub-
once every other day from the seventh day after CCl surgery for 8tances, such as substance P (SP) and calcitonin gene-related
weeks. Besides these above groups, six rats received CCl surggrgptide (CGRP) and GDNF could exert mighty influence on
without EA or ODN treatment serving as CCI model group.their expression and functidd,29,30,32] More importantly,
PWL of rats was measured as described above. The ipsilateralseries of studies provided compelling evidence that intrathe-
PWL of rats of all the three EA treatment groups was enhancedally administered GDNF as well as HSV-mediated expression
gradually with EA treatment accumulated, while the ipsilateralof GDNF could exert potent analgesic effect on neuropathic pain
PWL of the antisense ODN group increased slowly compareth rats[6,13,36] Thus, we could hypothesize that GDNF might
with that of the mismatch ODN group or the NS group, and thebe involved in EA analgesia on neuropathic pain. It was proved
difference was statistically significant from the 12th day to theby the present study that EA analgesic effect was attenuated
19th day (from 5 days after ODN delivery beginning, to 4 dayswhen antisense ODN specifically against GFRwas intrathe-

after the end of ODN delivery)A<0.05 to <0.01Fig. 3). cally administered and resulted in ‘down-regulation’ of GFR
expression.
4. Discussion GDNF might be involved in EA analgesia on neuropathic

pain through various pathways. Previous studies proved that

The present study proved that EA had potent analgesic effe@DNF protected against multiple phenotypic changes induced
on neuropathic pain in rats, consistent with a series of previousy peripheral nerve injury. It was shown that GDNF could pre-
studies[10,16,19] However, the mechanism of EA analgesia vent A-fibre sproutinginto lamina ll, and the latter was suggested
has not been fully understood. EA has modulating effect oras an underlying mechanism of neuropathic [painGDNF was
the release and expression of various endogenous bioactive sulso demonstrated to partially reverse axotomy-induced increase
stances in the nervous system including monoamines, opioids) a sodium channel subunit, NB3, resulting in partial reversal
oxytocin and so on, which are important in the transmissiorof axotomy-induced changes in repriming kinetics of the sodium
and modulation of nociceptiof12,33,39] This is considered current. The ability of exogenous GDNF to block the expression
as one of the underlying mechanisms of acupuncture analgef Na,1.3inthe injured nerve was proposed to be a critical mech-
sia. Our previous studies revealed that EA treatment resulted imnism of GDNF's anti-allodynic and anti-hyperalgesic effects
an up-regulation of the expression of endogenous GDNF anfb,21]. Itwas proved that GDNF could suppress the expression of
GFRa-1 in DRGs of neuropathic pain rats and the up-regulatioNPY that was increased during neuropathic pain and the GDNF-
was persistent along with EA treatment, which suggested a closaduced suppression of NPY production might also be causal to
relationship between GDNF signaling system and EA analgesi@DNF'’s ability to block tactile hypersensitiviyd6]. Interest-
on neuropathic paifi1]. ingly, GDNF was reported to promote the release of endogenous
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somatostatin (SOM) from adult primary sensory neurj@, provides an antiallodynic effect on neuropathic pain, Mol. Ther. 8 (2003)

and SOM might be an endogenous non-opioid neuropeptide that 367-375.
had analgesic effects in rodents and humans [14] J.C. Holstege, J.M. Jongen, J.H. Kennis, A.V. Rooyen-Boot, C.J. Vecht,

. Immunocytochemical localization of GDNF in primary afferents of the
The present study found that the expression of GHARN the lumbar dorsal horn, NeuroReport 12 (1998) 2893-2897.

spinal cord was also.down regulated by antisense ODN treatmefit; p. Honore, K. Kage, J. Mikusa, A.T. Watt, J.F. Johnston, J.R. Wyatt,
(data not shown). Since the expression of GDNF could also be C.R. Faltynek, M.F. Jarvis, K. Lynch, Analgesic profile of intrathecal
detected in the superficial layer of the spinal dorsal fib#18], P2X3 antisense oligonucleotide treatment in chronic inflammatory and
it may be hard to determine the definite acting site of GDNF, __neuropathic pain states in rats, Pain 99 (2002) 11-19.

. . . [16] B.G. Hwang, B.l. Min, J.H. Kim, H.S. Na, D.S. Park, Effects of
Most pOSSIny’ GDNF mlght play a role both perlpherally and electroacupuncture on the mechanical allodynia in the rat model of neu-

centrally. ropathic pain, Neurosci. Lett. 320 (2002) 49-52.

The present study for the first time addressed the involvemeit7] D. Imich, S. Winkimeier, A. Beyer, K. Peter, Electric stimulation
of GDNF signaling system in EA analgesia on neuropathic pain ~ acupuncture in peripheral neuropathic pain syndromes, Schmerz 16
in rats. This could deepen our understanding of the mechanism_ (2002) 114-120.

fEA | . d id fi | basis f h . E/&18] J.L. Jongen, E. Dalm, C.J. Vecht, J.C. Holstege, Depletion of GDNF
0 analgesia and provide a rational basis for enhancing form primary afferents in adult rat dorsal horn following peripheral

analgesic effect by potentiating the function of GDNF signaling  axotomy, NeuroReport 10 (1999) 867-871.
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troacupuncture on mechanical allodynia in neuropathic pain model of
inferior caudal trunk injury in rat: mediation by spinal opioid receptors,
Acknowledgment Brain Res. 998 (2004) 230-236.
[20] J. Lai, M.S. Gold, C.S. Kim, D. Bian, M.H. Ossipov, J.C. Hunter,
This project was supported by the National Natural Science F. Porreca, Inhibition of neuropathic pain by decreased expression

Foundation of China (No. 30472232) and the National Basic of the retrodotoxin-resistant sodium channel, NaVv1.8, Pain 95 (2002)

Research Program of China (No. 2005CB523306). 143-152. _ . _
[21] A. Leffler, T.R. Cummins, S.D. Dib-Hajj, W.N. Hormuzdiar, J.A. Black,

S.G. Waxman, GDNF and NGF reverse changes in repriming of TTX-
References sensitive Na(+) currents following axotomy of dorsal root ganglion
neurons, J. Neurophysiol. 88 (2002) 650-658.

[1] S. Agrawal, Q. Zhao, Antisense therapeutics, Curr. Opin. Chem. Biol[22] L.X. Li, W.T. Wu, L.H. Lin, M. Lei, R.W. Oppenheim, L.J. Houenou,

2 (1988) 519-528. Rescue of adult mouse motoneurons from injury-induced cell death by
[2] S. Akhtar, S. Agrawal, In vivo studies with antisense oligonucleotides, glial cell line-derived neurotrophic factor, Proc. Natl. Acad. Sci. U.S.A.
Curr. Tech. 18 (1997) 12-18. 92 (1995) 9771-9775.

[3] S.K. Akkina, C.L. Patterson, D.E. Wright, GDNF rescues nonpeptidergic[23] X.B. Liang, Y. Luo, X.Y. Liu, J. Lu, F.Q. Li, Q. Wang, X.M. Wang,
unmyelinated primary afferents in streptozotocin-treated diabetic mice,  J-S. Han, Electro-acupuncture improves behavior and upregulates GDNF

Exp. Neurol. 167 (2001) 173-182. mRNA in MFB transected rats, NeuroReport 14 (2003) 1177-1181.
[4] D.L. Bennett, G.J. Michael, N. Ramachandran, J.B. Munson, S. Averill,[24] L.H. Lin, D.H. Doherty, J.D. Lile, S. Bektesh, F. Collins, GDNF: a glial
Q. Yan, S.B. McMahon, J.V. Priestley, A distinct subgroup of small cell line-derived neurotrophic factor for midbrain dopaminergic neurons,

DRG cells express GDNF receptor components and GDNF is pro-  Science 260 (1993) 1130-1132.
tective for these neurons after nerve injury, J. Neurosci. 18 (1998)J25] F. Ma, H. Xie, Z.Q. Dong, Y.Q. Wang, G.C. Wu, Effects of elec-

3059-3072. troacupuncture on orphaninFQ immunoreactivity and preproorphanin FQ
[5] G.J. Bennett, Y.K. Xie, A peripheral mononeuropathy in rat that pro- mMRNA in nucleus of raphe magnus in the neuropathic pain rats, Brain

duces disorder of pain sensation like those seen in man, Pain 33 (1988) Res. Bull. 63 (2004) 507-511.

87-107. [26] M. Malcangio, GDNF and somatostatin in sensory neurons, Curr. Opin.

[6] T.J. Boucher, K. Okuse, D.L. Bennett, J.B. Munson, J.N. Wood, S.B.  Pharmacol. 3 (2003) 41-45.

McMahon, Potent analgesic effects of GDNF in neuropathic pain stated27] D.C. Molliver, D.E. Wright, M.L. Leitner, A.S. Parsadanian, K. Doster,
Science 290 (2000) 124-127. D. Wen, Q. Yan, W.D. Snider, IB4-binding DRG neurons switch from

[7] B. Brunelli, K.C. Gorson, The use of complementary and alternative =~ NGF to GDNF dependence in early postnatal life, Neuron 19 (1997)
medicines by patients with peripheral neuropathy, J. Neurol. Sci. 218  849-861.

(2004) 59-66. [28] H.J. Mount, D.O. Dean, J. Alberch, C.F. Dreyfus, 1.B. Black, Glial cell
[8] A. Buj-Bello, V.L. Buchman, A. Horton, A. Rosenthal, A.M. Davies, line-derived neurotrophic factor promotes the survival and morphologic
GDNF is an age-specific survival factor for sensory and autonomic neu-  differentiation of Purkinje cells, Proc. Natl. Acad. Sci. U.S.A. 92 (1995)
rons, Neuron 15 (1995) 821-828. 9092-9096.
[9] M.S. Chong, Z.H. Bajwa, Diagnosis and treatment of neuropathic pain[29] M. Quartu, M.P. Serra, A. Bachis, M.L. Lai, R. Ambu, M.D. Fiacco,
J. Pain Symptom Manage. 25 (2003) S4-S11. Glial cell line-derived neurotrophic factor-like immunoreactivity in
[10] Y. Dai, E. Kondo, T. Fukuoka, A. Tokunaga, K. Miki, K. Noguchi, The human trigeminal ganglion and nucleus, Brain Res. 847 (1999) 196-202.

effect of electroacupuncture on pain behaviors and noxious stimulusi30] M.S. Ramer, E.J. Bradbury, G.J. Michael, 1.J. Lever, S.B. McMahon,
evoked Fos expression in a rat model of neuropathic pain, J. Pain 2 Glial cell line-derived neurotrophic factor increases calcitonin gene-
(2001) 151-159. related peptide immunoreactivity in sensory and motoneurons in vivo,
[11] Z.Q. Dong, F. Ma, H. Xie, Y.Q. Wang, G.C. Wu, Changes of expres- Eur. J. Neurosci. 18 (2003) 2713-2721.
sion of glial cell line-derived neurotrophic factor and its receptor in [31] L.M. Rapson, N. Wells, J. Pepper, N. Majid, H. Boon, Acupuncture
dorsal root ganglions and spinal dorsal horn during electroacupuncture @S & promising treatment for below-level central neuropathic pain: a
treatment in neuropathic pain rats, Neurosci. Lett. 376 (2005) 143148, _ retrospective study, J. Spinal Cord Med. 26 (2003) 21-26.
[12] J.S. Han, L. Terenius, Neurochemical basis of acupuncture analgesif32] A-M. Skoff, C. Resta, M. Swamydas, J.E. Adler, Nerve growth factor
Annu. Rev. Pharmacol. Toxicol. 22 (1982) 193-220. (NGF) and glial cell line-derived neurotrophic factor (GDNF) regulate
[13] S.L. Hao, M. Mata, D. Wolfe, S.H. Huang, J.C. Glorioso, D.J. Fink, substance P release in adult spinal sensory neurons, Neurochem. Res.
HSV-mediated gene transfer of the glial cell-derived neurotrophic factor 28 (2003) 847-854.



36 Z.-Q. Dong et al. / Brain Research Bulletin 69 (2006) 30-36

[33] K.A. Sluka, M. Deacon, A. Stibal, S. Strissel, A. Terpstra, Spinal [37] B. Wiesenhofer, C. Weis, C. Humpel, Glial cell line-derived neurotrophic
blockade of opioid receptors prevents the analgesia produced by factor (GDNF) is a proliferation factor for rat C6 glioma cells: evi-

TENS in arthritic rats, J. Pharmacol. Exp. Ther. 289 (1999) 840- dence from antisense experiments, Antisense Nucleic Acid Drug Dev.
846. 10 (2000) 311-321.

[34] B.S. Sproat, Chemistry and applications of oligonucleotide analogueg38] T.L. Yaksh, T.A. Rudy, Chronic catheterization of the spinal subarach-
J. Biotechnol. 41 (1995) 221-238. noid space, Physiol. Behav. 17 (1976) 1031-1036.

[35] T. Stover, T.L. Gong, Y. Cho, R.A. Altschuler, M.l. Lomax, Expression [39] X.T. Zhang, Neurobiological mechanisms of acupuncture analgesia, Sci.
of the GDNF family members and their receptors in the mature rat Sin. 21 (1978) 466-475.
cochlea, Mol. Brain Res. 76 (2000) 25-35. [40] Y.Q. Zhang, G.C. Ji, G.C. Wu, Z.Q. Zhao, Kynurenic acid enhances
[36] R. Wang, W. Guo, M.H. Ossipov, T.W. Vanderah, F. Porreca, J. Lai, Glial electroacupuncture analgesia in normal and carrageenan-injected rats,
cell line-derived neurotrophic factor normalizes neurochemical changes  Brain Res. 966 (2003) 300-307.
in injured dorsal root ganglion neurons and prevents the expression dé41] M. Zimmermann, Ethical guidelines for investigation of experimental
experimental neuropathic pain, Neuroscience 121 (2003) 815-824. pain in conscious animals, Pain 16 (1983) 109-110.



	Down-regulation of GFRalpha-1 expression by antisense oligodeoxynucleotide attenuates electroacupuncture analgesia on heat hyperalgesia in a rat model of neuropathic pain
	Introduction
	Materials and methods
	Experimental animals and induction of neuropathic pain
	EA administration
	Behavioral test
	Antisense oligodeoxynucleotide
	ODN administration
	Western blot analysis
	Reverse transcription-polymerase chain reaction (RT-PCR)
	Immunohistochemsitry
	Data analysis

	Results
	Effect of EA on heat hyperalgesia of neuropathic pain rats
	Effect of antisense ODN on GFRalpha-1 expression
	Effect of antisense ODN on EA analgesia

	Discussion
	Acknowledgment
	References




