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Peripheral nerve injury leads to neuropathic pain, including
mechanicalhyperalgesia (MH).When a peripheralnerve is injured,
damagedprimarysensoryafferentsemitabarrageofbriefimpulses,or
aninjury discharge,whichareconductedboth orthodromically tothe
spinalcord and antidromically to the periphery.There is evidence
indicating thatcentrally conducting injury discharge plays a role in
triggering neuropathicpain.Although peripherally conducting impulses
areobservedtoleadtoperipheralnociceptionthroughglutamate(Glu)
receptor activation, their role in neuropathic pain is not clearly
understood.Thepresentstudywasconductedtoprovideevidencefora
hypothesis thatnerve injury-induced peripheraleffects contribute to
neuropathic pain.To this,using rats with lumbar 5 (L5) dorsal
rhizotomy(DR),itwasinvestigated1)whethernervelesionorelectrical
stimulation(ES)ofL5spinalnerveinducedneuropathicpainand,ifso,
2)whetherornotperipheralGlureceptorswereinvolvedinmediating
thispain.
RatsthatreceivedleftL5DR weresubjectedtoeitherspinalnerve

lesion(SNL)orES,eachofwhichwasdoneatleftL5spinalnerve.
ForSNL,spinalnervewastightlyligatedandtransected.ForES,a



trainofelectricalpulses(0.5-ms,2-5mA,4Hz)wereappliedfor5min
to thespinalnervewith a pairofflexiblesilverwires.Mechanical
sensitivity ofhind paw wasassessed by measuring paw withdrawal
threshold(PWT)tovon Frey filamentapplication.Theeffectsofan
intraplantar(i.pl.)injection ofGlu receptorantagonistsoragoniston
mechanicalsensitivityintotheaffectedhindpaw wereinvestigated.
SNLreducedPWT oftheaffectedhindpaw withapeakreduction

onday3post-SNL.ThisreducedPWT,orMH,wasmaintainedforat
least42daysofthetestperiod.ESalsoreducedPWT inasimilarway
to SNL,lasting for 7 days.When an i.pl.injection was given
immediatelybeforeSNL,NMDA receptorantagonistMK-801(20nmol),
group-ImetabotropicGlu(mGlu)receptorantagonistDL-AP3(70nmol),
andselectivegroup-IImGlureceptoragonistAPDC (20nmol)delayed
theonsetofMH.ForES-inducedMH,thesameapplicationofabove
drugs completely blocked it's onsetas long as for42-testperiod.
Pre-treatmentofAMPA/kainatereceptorantagonistNBQX (100nmol)
waswithoutan effecton eitherSNL- orES-inducedonsetofMH.
WhendrugsweregivenafterSNL induced-MH hadbeenestablished,
MK-801reversedMH forabout45minutes,whereasNBQX,DL-AP3,
orAPDChadnoeffect.ThesamewastrueforES-inducedMH.
Theseresultssuggestthat1)peripherallyconductingimpulsesplaya

crucialroleinthegenerationofneuropathicpain,regardlessofwhether
theseimpulsesaredirectly from injurydischargeorsecondarily from
nerve injury and 2)thatperipheralGlu receptors are involved in
mediatingthispain.

Key words: neuropathic pain, nerve injury, injury discharge,
glutamate,electricalstimulation
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III...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Peripheralnerveinjuryleadstoneuropathicpain,whichischaracterized
byspontaneousburningpain,painevokedbynormallyinnocuousstimuli
(allodynia), and exaggerated pain in response to painful stimuli
(hyperalgesia).When a peripheralnerve is injured,damaged primary
sensoryafferentsemitabarrageofbriefimpulses,oraninjurydischarge,
lasting several minutes.1 Injury discharges are conducted both
orthodromically tothespinalcord and antidromically totheperiphery.
Thereisevidenceindicating thatcentrally conducting injury discharge
plays a role in the triggering neuropathic pain.The abnormalpain
behaviorfollowing peripheralnerve transection is suppressed by local
anesthetic blockade of centrally conducting injury discharge2,3 or by
intrathecalinjectionofglutamate(Glu)receptorblockersatthelumbar
leveljustpriortotransection.4Briefelectricalstimulation(ES)ofC-fibers,
whichmimicsinjurydischarge,producesprolongedhyperalgesia,5although
in whichtheeffectsexertedby stimulation-produceddischargethatis
peripherallyconductedcouldbenotexcluded.
Several lines of evidence suggest that peripherally conducting

impulses play a role in peripheralnociception through Glu receptor



activation.The antidromic stimulation of primary sensory afferents
resultsinincrementofGlulevelsintheextracellularspaceoftherat
hindpaw.6BothionotropicGlu(iGlu)7,8andmetabotropicGlu(mGlu)9-11
receptorshavebeen localized in theperipheralprocessesofprimary
unmyelinatedafferents.TheactivationofperipheralGlureceptorsbyan
intraplantar(i.pl.)injection ofGlu7,12 orofGlu receptoragonists13,14
produces nociceptive behaviors that are blocked by appropriate
antagonists.9,11,15 However,aroleofperipherallyconductingimpulsesin
neuropathicpainhasnotreceivedmuchattention.
Ithas been demonstrated thatin a neuropathy modelin which

centrally conducting discharges had been blocked by lumbar5 (L5)
dorsalrhizotomy (DR),L5 spinalnerve lesion (SNL)stillproduces
long-lasting mechanicalhyperalgesia.16 Thus,thismodelisusefulfor
studyingthenerveinjury-inducedperipheraleffectsonneuropathicpain.
Nerve injury-induced peripheraleffects are presumably exerted by
peripherallyconductinginjurydischargestemmingfrom injuredafferents
andbyspontaneousdischargefrom intactafferentsnearbydegenerating
axon during Wallerian degeneration following thelesion.In fact,the
development of spontaneous discharges in intact afferent neighbors
followingperipheralnervelesionhasbeendemonstrated.17-19Therefore,it
isimpossibleto assesscontribution ofperipherally conducting injury
dischargeonly,asbeingseparatedfrom Walleriandegeneration-related
discharge, to long-lasting mechanical hyperalgesia shown in this
neuropathicpainmodel.Analternateapproachtostudyingtheroleof
injurydischargeistouseESmimickinginjurydischarge,oranartificial
injurydischarge.ThepresentstudywasconductedusingratswithL5
DR toinvestigate1)whethernervelesionorES ofL5spinalnerve
inducedneuropathicpainand,ifso,2)whetherornotperipheralGlu
receptorswereinvolvedinmediatingthispain.
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111...SSSuuubbbjjjeeeccctttsss

MaleSprague-Dawleyrats(200-250g)thatwerehousedingroupsof
3-4,withfoodandwateravailableadlibitum underalight-darkcycle,
wereusedinthisstudy.Ratswereallowedtoacclimateatleastfora
weekbeforesurgeryandbehavioraltesting.Experimentswerecarried
outinaccordancewithNIH regulationsforanimalcareandwiththe
approvaloftheInstitutionalAnimalCareandUseCommitteeofYonsei
University,Seoul,Korea.

222...PPPrrreeepppaaarrraaatttiiiooonnnooofffaaannneeeuuurrrooopppaaattthhhyyymmmooodddeeelll

The neuropathy modelwas prepared with rats thatwere first
subjectedtoleftL5DR,followed6dayslaterbyleftL5SNL.Both
operationswereperformedunderenfluraneanesthesia(induction3% and
maintenance2%).ForleftL5DR,thesurgicalfield wasshaved,a
longitudinalincisionmadeexposing theL4toL6vertebralsegments,
andalaminectomyperformedattheleftL5segment.Aftermakinga
smallincision ofthe dura matter,the exposed L5 dorsalrootwas
transected.ForleftL5SNL,anincisionwasmadeabovethelumbar
spineandthelefttransverseprocessofL6vertebrawasexposed.After
carefully removing this process,leftL5 spinalnerve was exposed,
tightlyligatedwith6-0silkthread,andcutabout1mm distaltothe
ligation.The wound was sutured and maintained with postoperative
care.Inthesham operationgroup,alloperationswereperformedinthe
samemanner,butwithoutDRandSNL.



333...EEEllleeeccctttrrriiicccaaalllssstttiiimmmuuulllaaatttiiiooonnn

RatsthatreceivedleftL5DR 6daysearlierweresubjectedtoES.
LeftL5spinalnervewasexposed underpentobarbitalanesthesia(50
mg/kg,i.p.)inasamemannerastheanimalmodelpreparation.Exposed
spinalnervewasfreedfrom surroundingconnectivetissue,andapiece
ofparafilm wasplacedunderneaththespinalnerve,isolatingitfrom the
surroundingtissueandnearbyotherspinalnerve.Topreventthespinal
nervefrom damageorstretching duetoamuscletwitchduring ES,
nervewassurroundedwithapairofsilverwiresthatwereverythin
and flexible(0.005 inchesin diameter,2-4 mm apart).Square-wave
pulsesof0.5msdurationat4Hzwereappliedfor5minutes.The
lowestlevelofelectricalcurrentneededtoelicitamuscletwitchwas
definedasthresholdcurrent.Electricalstimuliwereappliedatstrengths
of200timesathresholdcurrent,whichrangedfrom 2to5mA and
werereportedtobestrongenoughtoactivateprimaryafferentC-fibers.
Thewoundwassuturedandmaintainedwithpostoperativecare.Inthe
sham operation group,alloperations were performed in the same
manner,butwithoutapplyingelectricalstimuli.

444...DDDrrruuugggppprrreeepppaaarrraaatttiiiooonnn

Non-competitiveNMDA (N-methyl-D-aspartate)receptorantagonist
MK-801 (dizocilpine maleate) and competitive AMPA (α
-amino-3-hydroxy-5-methylisoxazole-4-propionic acid)/kainate receptor
antagonist NBQX (2,3-dioxo-6-nitro-1,2,3,4,-tetrahydrobenzo[f]
quinoxaline-7-sulfonamide)weredissolvedinphosphate-bufferedsaline,
pH 7.4(PBS).Competitivegroup-ImGlureceptorantagonistDL-AP3
(DL-amino-3-phosphonopropionic acid) and selective Group-II mGlu
receptor agonist APDC ((2R,4R)-4-aminopyrrolidine-2,4-dicarboxylate)
werefirstpreparedasastock solution in 100mM NaOH andthen



dilutedtofinalconcentrationswithPBS.Alldrugswerepurchasedfrom
TocrisCookson(Bristol,UK).Vehicleswerepreparedasdescribedfor
thecorrespondingdrugsolutionwithoutaddingthedrug.

555...DDDrrruuugggaaadddmmmiiinnniiissstttrrraaatttiiiooonnn

Drugsorvehicleswereadministeredunderenfluraneanesthesia(3%,
2-3min)inavolumeof30㎕,subcutaneously,intotheplantarsurface
ofthe hind paw using a 50-㎕ Hamilton syringe with a 28-gauge
needle.Theneedlewasinsertedintotheplantarskinproximaltothe
midpointofthehindpaw andadvancedabout10mm sothatitreached
themidpointofthehindpaw,wherethesolutionwasinjectedforminga
blebthatdisappearedwithin10minutes.Thedosesusedwere20nmol
MK-801,100nmolNBQX,70nmolDL-AP3,and20nmolAPDC.A
pilot study showed that alldrugs at these doses,exceptNBQX,
produced a maximalresponse in terms ofa delay in the onsetof
SNL-induced mechanicalhyperalgesiawhen injected into theaffected
hindpaw 15minutesbeforeSNL.Nodrug atthesedosesproduced
stereotypicalalterationsinmotoractivity,suchashyper-locomotionor
balanceloss.Asavehiclecontrolgroup,ratsweretreatedwithani.pl.
injectionofPBS-orNaOH-containingvehicle.

666...EEExxxpppeeerrriiimmmeeennntttaaalllppprrroootttooocccooolll

The firstsetofexperiments was aimed attesting whetherthe
neuropathymodel,inwhichthepotentialcentraleffectsinducedbya
directinputofinjury-evokedimpulsestothespinalcordwereprevented
withoutaffectingperipherallyconductinginjury-evokedimpulses,show a
long-lastingpainbehavior.Ratswererandomlyassignedtotwogroups:
onethatreceivedL5SNLprecededbyL5DRinthesamesideandthe
otherthatreceivedasham operation.



The second setofexperiments was performed to testwhether
artificialinjurydischargeproducedbyESofL5spinalnerveinducea
long-lastingpainbehavior.Ratswererandomlyassignedtotwogroups:
onethatreceivedL5ES following L5DR inthesamesideandthe
otherthatreceivedasham operation.
In thethird setofexperiments,theeffectsofdrugsand vehicle

(PBS- or NaOH-containing) on L5 SNL-induced mechanical
hyperalgesia, administered before SNL, were examined. Rats that
receivedL5DR6daysearlierwereassignedtooneofthefollowingten
groups:animalsinjectedwithMK-801,NBQX,DL-AP3,orADPC into
thehindpaw ipsilateraltoDR,animalsinjectedwitheachofthesame
drugsintothecontralateralhindpaw,animalsinjectedwithPBS-or
NaOH-vehicleintotheipsilateralhindpaw.Ineachrat,aninjectionof
drugsorvehiclewasfollowed15minlaterbyL5SNL.
The fourth setofexperiments examined theeffectsofdrugs or

vehicleonL5SNL-inducedmechanicalhyperalgesia,whenadministered
afterSNL-inducedmechanicalhyperalgesiahadbeenalreadyestablished.
RatsthatreceivedL5SNLprecededbyL5DR onthesamesidewith
establishedmechanicalhyperalgesiawereassignedtooneoftengroups
thatwere the same as those described above in the third setof
experiments.Ineachrat,aninjectionofdrugsorvehiclewasperformed
onday10post-SNL.Inboththepre-andpost-treatmentparadigms,
weincludedgroupsofratsthatreceivedani.pl.injectionofthesame
drugsintothecontralateralhindpaw toruleoutthepossibilitythatan
i.pl.druginjectionhadsomesystemiceffect.
Inthefifthsetofexperiments,theeffectsofdrugsandvehicleon

L5ES-inducedmechanicalhyperalgesia,administeredbeforeES,were
examined.RatsthatreceivedL5DR6daysearlierwereassignedtoone
ofthe following six groups:animals injected with MK-801,NBQX,



DL-AP3,orADPCintothehindpaw ipsilateraltoDR,animalsinjected
withPBS-orNaOH-vehicleintotheipsilateralhindpaw.Ineachrat,
aninjectionofdrugsorvehiclewasfollowed15minlaterbyL5ES.
The sixth setofexperiments examined the effects ofdrugs or

vehicleonL5ES-inducedmechanicalhyperalgesia,whenadministered
afterES-inducedmechanicalhyperalgesiahadbeenalreadyestablished.
RatsthatreceivedL5ES precededbyL5DR onthesamesidewith
establishedmechanicalhyperalgesiawereassignedtooneofsixgroups
thatwere the same as those described above in the fifth setof
experiments.Ineachrat,aninjectionofdrugsorvehiclewasperformed
onday3post-ES.

777...BBBeeehhhaaavvviiiooorrraaalllttteeessstttiiinnnggg

Behavioraltesting began with ahabituation period,in which rats
wereplacedinplexiglasscubiclesfor30min.Mechanicalhyperalgesia
wasevaluatedbymeasuringthepaw withdrawalthreshold(PWT)to
the application ofa von Frey filamentusing the up-down testing
paradigm.An ascending seriesofvon Frey filamentsofincremental
force(0.35,0.53,0.78,2.5,3.7,5.2,6.0,and12.5g)wereappliedfor2-3
secondsperpendicularlytothemiddleoftheplantarsurfaceofthehind
paw untileachfilamentjustbent,startingwiththe2.5-gstimulus.The
testingprocedureandthecalculationsofthemechanicalthresholdswere
performedasdescribedbyChaplanetal..20 Allbehavioraltestingwas
done by experimenters blinded to preceding surgeries and drug
treatments.

888...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss

Data are presented as means ± SEM forallvalues.Statistical
analysiswasperformedusingFriedmanone-wayANOVA forrepeated



measurements,followedbyWilcoxonsigned-ranktestwhenappropriate,
to analyze the variance in PWT between testing days.Statistical
analysisonthevarianceinPWT betweengroupsonagiventesting
day was performed using Kruskal-Wallis ANOVA,followed by the
Mann-Whitneyrank-sum testwhenappropriate.A P valueoflessthan
0.05wasconsideredstatistically significantandBonferronicorrections
weremade.



IIIIIIIII...RRREEESSSUUULLLTTTSSS

111...MMMeeeccchhhaaannniiicccaaalllhhhyyypppeeerrraaalllgggeeesssiiiaaaiiinnnrrraaatttsssttthhhaaatttrrreeeccceeeiiivvveeedddLLL555SSSNNNLLLfffooollllllooowwwiiinnnggg
LLL555DDDRRR

ThetimecoursesofchangesinthePWTsofratsthatreceivedL5
SNL following L5DR andofthosethatreceivedsham-operationare
exploredandshowninFig.1.AfterunilateralL5DR,thePWT ofthe
affectedhindpaw tovonFreyfilamentstimulireducedtransientlyon
day 1post-DR andreturnedtothepre-DR baselinelevelon day 6
post-DR.AnimalsthatshowedthistransientchangeinPWTswereall
includedinthisstudy.L5SNLperformedfollowingL5DR produceda
significantdropinthePWTsoftheaffectedhindpaw comparedwith
thepre-SNL baseline(P<0.05,FriedmanANOVA).Thisdecreasewas
alsostatisticallysignificantversusthePWTsofthecontralateralhind
paw orthehindpaw ofsham-operatedanimals(P<0.05,Kruskal-Wallis
ANOVA).PWTsreachedaminimum (83.6% changefrom pre-SNL
baselinelevelof17.7 ± 0.3 g,n=8)on day 3post-SNL and were
maintainedatlow levelsuptoday42post-SNL,whichisanindication
ofthelong-lasting natureofmechanicalhyperalgesia.No significant
changesinPWT wereobservedonhindpawscontralateraltoSNLand
inthesham-operatedgroup.



FFFiiiggguuurrreee111...Timecourseofchangesin paw withdrawalthreshold(PWT)in ratsthat
receivedaspinalnervelesion(SNL)followingdorsalrhizotomy(DR).Unilaterallumbar
5(L5)DR causedPWT oftheaffectedhindpaw todecreasetransientlyandreturnto
pre-DR baselineonday6post-DR.AfteripsilateralL5SNL,performedbyL5spinal
nerveligation-and-cut,PWT droppedrapidlyandwasmaintainedatlow levelsupto
day42post-SNL(closedcircles).P,pre-DRvalues;D,daysafterDR.Asterisksindicate
significantlydifferentfrom thepre-SNL baseline(P<0.05,FriedmanANOVA,followed
by Wilcoxon signed-rank test)and from contralateralhind paws (open circles)or
sham-operatedanimals(open triangles)(P<0.05,Kruskal-WallisANOVA,followedby
Mann-Whitneyrank-sum test).
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ThetimecoursesofchangesinthePWTsofratsthatreceivedL5
ES following L5DR and ofthosethatreceived sham-operation are
exploredandshowninFig.2.AfterunilateralL5DR,thePWT ofthe
affectedhindpaw tovonFreyfilamentstimulireducedtransientlyon
day 1post-DR andreturnedtothepre-DR baselinelevelon day 6
post-DR.AnimalsthatshowedthistransientchangeinPWTswereall
includedinthisstudy.L5ES performedfollowingL5DR produceda
significantdropinthePWTsoftheaffectedhindpaw ondays1,2,3,
4,5,6and 7post-ES compared with thepre-ES baseline(P<0.05,
FriedmanANOVA).Thisdecreasewasalsostatisticallysignificantwhen
comparedwiththePWTsofthecontralateralhindpaw orthehindpaw
of sham-operated animals (P<0.05, Kruskal-Wallis ANOVA). No
significantchangesinPWT wereobservedonhindpawscontralateral
toESandinthesham-operatedgroup.



FFFiiiggguuurrreee222...Timecourseofchangesin paw withdrawalthreshold(PWT)in ratsthat
receivedaelectricalstimulation(ES)ofspinalnervefollowingdorsalrhizotomy(DR).
Unilaterallumbar 5 (L5)DR caused PWT ofthe affected hind paw to decrease
transientlyandreturntopre-DR baselineonday6post-DR.AfteripsilateralL5ES,
PWT droppedrapidlyandwasmaintainedatlow levelsuptoday7post-ES (closed
circles).P,pre-DR values;D,daysafterDR.Asterisksindicatesignificantlydifferent
from thepre-ESbaseline(P<0.05,FriedmanANOVA,followedbyWilcoxonsigned-rank
test)andfrom contralateralhindpaws(opencircles)orsham-operatedanimals(open
triangles)(P<0.05,Kruskal-WallisANOVA,followedbyMann-Whitneyrank-sum test).
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TotestwhetherperipheralNMDA andAMPA/kainatereceptorsare
involvedintheinductionphaseofSNL-inducedmechanicalhyperalgesia,
theeffectofMK-801orNBQX injectedintothehindpaw immediately
beforeSNLonPWT scoreswasinvestigated.AsseeninFig.3A,an
i.pl.injectionof20nmolofMK-801,performed15minbeforeSNL,into
thehindpaw ipsilateraltoSNL demonstratedasignificantincreasein
PWTs on days 1, 2, 3, and 4 post-treatment compared with
PBS-vehicle-treatedanimals(P<0.05,Kruskal-WallisANOVA,followed
byMann-Whitneyrank-sum test).TheseanimalsthatreceivedMK-801
intheipsilateralhindpaw alsoshowedincreasedPWTsondays1,2,3
and4post-treatmentcomparedwithanimalstreatedwithMK-801in
thecontralateralhindpaw (P<0.05,Kruskal-WallisANOVA,followedby
Mann-Whitneyrank-sum test).NosignificantdifferenceinPWTswas
observed between animals treated with MK-801 (20 nmol) in the
contralateralhindpaw andthosetreatedwithPBS-vehicle.InFig.3B,
the effectofpre-treatmentin the periphery with NBQX is shown.
AnimalsthatreceivedSNLprecededbyani.pl.injectionof100nmolof
NBQX intothehindpaw ipsilateraltoSNLdisplayedsimilarPWTsto
animalstreatedwithPBS-vehicleorwiththesamedoseofNBQX in
thecontralateralhindpaw.
To determine if peripheralmGlu receptors are involved in the

inductionphaseofSNL-inducedmechanicalhyperalgesia,theeffectof
non-selective mGlu receptor antagonist MCPG (α-methyl-4-
carboxyphenylglycine,50nmol)injectedintothehindpaw beforeSNL
onPWT scoreswasfirstanalyzed.However,weobservednoeffectdue
tothelocalinjectionofMCPGintothehindpaw onSNL-inducedPWT
reduction(datanotshown).Wethoughtthatthismightbeduetothe



non-selectiveantagonism ofMCPG atbothgroup-Iandgroup-IImGlu
receptors,whichproduceoppositeeffectswhenactivated,e.g.,increased
ordecreasedneuronalexcitability,respectively.Next,weexaminedthe
effects of pre-treatment with competitive Group-I mGlu receptor
antagonistDL-AP3orselectiveGroup-IImGlureceptoragonistAPDC
inthehindpaw onPWT scores.AsseeninFig.4A,ani.pl.injection
of70nmolofDL-AP3,performed15minbeforeSNL,intothehind
paw ipsilateraltoSNL resultedinasignificantincreaseinPWTson
days1,2,3,and4post-treatmentcomparedwithNaOH-vehicle-treated
animals(P<0.05,Kruskal-WallisANOVA,followedby Mann-Whitney
rank-sum test).TheseanimalsthatreceivedDL-AP3intheipsilateral
hind paw also showed higher PWTs on days 1, 2, 3 and 4
post-treatmentthan animals treated with DL-AP3 (70 nmol)in the
contralateralhind paw (P<0.05,Kruskal-WallisANOVA,followed by
Mann-Whitneyrank-sum test).NosignificantdifferenceinPWTswas
observedbetweenanimalstreatedwithDL-AP3inthecontralateralhind
paw andthosetreatedwith NaOH-vehicle.In Fig.4B,theeffectof
pre-treatmentintheperipherywithAPDC isshown.Ani.pl.injection
of20nmolofAPDC,performed15minbeforeSNL,intothehindpaw
ipsilateraltoSNL producedasignificantincreaseinPWTsonday1
post-treatmentcompared with NaOH-vehicle-treated animals (P<0.05,
Kruskal-WallisANOVA,followedbyMann-Whitneyrank-sum test).A
similarincreasewasobservedwhentheseanimalsthatreceivedAPDC
intheipsilateralhindpaw werecomparedwithanimalstreatedwith
APDC (20nmol)inthecontralateralhindpaw (P<0.05,Kruskal-Wallis
ANOVA,followed by Mann-Whitney rank-sum test).No significant
differenceinPWTswasobservedbetweenanimalstreatedwithAPDC
inthecontralateralhindpaw andthosetreatedwithNaOH-vehicle.



FFFiiiggguuurrreee333...EffectsofMK-801orNBQX pre-treatmentintheperipheryonlumbar5(L5)
spinalnervelesion(SNL)-inducedpaw withdrawalthreshold(PWT)reduction.(A)An
intraplantar(i.pl.)injectionofMK-801givenbeforeL5SNLintotheaffectedhindpaw
(closed circles) resulted in increased PWTs compared with animals treated with
PBS-vehicle (open triangles)orwith MK-801 in the contralateralhind paw (open
circles),asindicatedby*or+,respectively(P<0.05,Kruskal-WallisANOVA,followed
byMann-Whitneyrank-sum test).(B)ThePWTsofanimalstreatedwithNBQXbefore
L5SNL intheaffectedhindpaw (closedrectangles)weresimilartothoseofanimals
treatedwithPBS-vehicle(opentriangles)orwithNBQX inthecontralateralhindpaw
(openrectangles).DR,dorsalrhizotomy;P,pre-DRvalues;D,daysafterDR.
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FFFiiiggguuurrreee444...EffectsofDL-AP3orAPDCpre-treatmentintheperipheryonlumbar5(L5)
spinalnerve lesion (SNL)-induced paw withdrawalthreshold (PWT)reduction.(A)
Animalsthatreceivedanintraplantar(i.pl.)injectionofDL-AP3beforeL5SNLintothe
affectedhindpaw (closeddiamonds)displayedhigherPWTsthan thosetreatedwith
NaOH-vehicle(open triangles)orwith DL-AP3in thecontralateralhind paw (open
diamonds),asindicatedby*or+,respectively.(B)AnimalstreatedwithAPDC before
L5SNLintheaffectedhindpaw (closedhexagons)producedhigherPWTsthananimals
treatedwithNaOH-vehicle(opentriangles)orwithAPDCinthecontralateralhindpaw
(openhexagons),asindicatedby*or+,respectively.*and+;P<0.05,Kruskal-Wallis
ANOVA,followedbyMann-Whitneyrank-sum test.DR,dorsalrhizotomy;P,pre-DR
values;D,daysafterDR.
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TotestwhetherperipheralNMDA andAMPA/kainatereceptorswere
involved in the maintenance phase of SNL-induced mechanical
hyperalgesia,theeffectofMK-801orNBQX injectedintothehindpaw
afterSNLonPWT scoreswasexamined.AsseeninFig.5A,allthree
groups ofanimals thatreceived SNL following DR demonstrated a
significantdecreaseinPWTsafterSNL comparedwiththepre-SNL
baseline(P<0.05,FriedmanANOVA).Ani.pl.injectionof20nmolof
MK-801,performedonday10post-SNL,intothehindpaw ipsilateralto
SNL showed asignificantincreasein PWTsat45,60,and 75min
post-treatment compared with PBS-vehicle-treated animals (P<0.05,
Kruskal-Wallis ANOVA,followed by Mann-Whitney rank-sum test).
TheseanimalsthatreceivedMK-801intheipsilateralhindpaw also
showedincreasedPWTsat45,60,and75minpost-treatmentcompared
withanimalstreatedwithMK-801(20nmol)inthecontralateralhind
paw (P<0.05,Kruskal-Wallis ANOVA,followed by Mann-Whitney
rank-sum test).No significant difference in PWTs was observed
betweenanimalstreatedwithMK-801inthecontralateralhindpaw and
thosetreatedwithPBS-vehicle.InFig.5B,theeffectofpost-treatment
intheperipherywithNBQX isshown.Ani.pl.injectionof100nmolof
NBQX,performedonday10post-SNL,intothehindpaw ipsilateralto
SNLproducednosignificantdifferenceinPWTscomparedwithanimals
treatedwiththesamedoseofNBQX inthecontralateralhindpaw or
thosetreatedwithPBS-vehicle.
Thepossibleinvolvementofperipheralgroup-Iandgroup-IImGlu

receptors in the maintenance phase of SNL-induced mechanical
hyperalgesiawastestedbyanalyzingtheeffectofDL-AP3orAPDC
injectedintothehindpaw afterSNLonPWT scores.AsseeninFig.



6A,an i.pl.injection of70 nmolofDL-AP3,performed on day 10
post-SNLintothehindpaw ipsilateraltoSNL,producednosignificant
difference in PWTs compared with those animals treated with
NaOH-vehicle.Thesameheld truewhen animalsweretreated with
DL-AP3(70nmol)inthecontralateralhindpaw onday10post-SNL.
InFig.6B,theeffectofpost-treatmentintheperipherywithAPDCis
shown.Animalsthatreceivedani.pl.injectionof20nmolofAPDC,on
day 10 post-SNL,into thehind paw ipsilateralto SNL showed no
significantdifference in PWTs compared with animals treated with
NaOH-vehicle,and thiswasalso thecaseforanimalstreated with
APDC(20nmol)inthecontralateralhindpaw onday10post-SNL.



FFFiiiggguuurrreee555...EffectsofMK-801orNBQX post-treatmentintheperipheryonlumbar5(L5)
spinalnervelesion(SNL)-inducedpaw withdrawalthreshold(PWT)reduction.Theleft
handsideofeachgraphshowschangesinthePWTsofthethreegroupsofanimals
thatreceivedL5SNL following L5dorsalrhizotomy (DR).(A)Anintraplantar(i.pl.)
injectionofMK-801givenonday10post-SNLintotheaffectedhindpaw produceda
higherPWT thanaPBS-vehicleinjectionintotheaffectedhindpaw oranMK-801
injectionintothecontralateralhindpaw,asindicatedby*or+,respectively(P<0.05,
Kruskal-Wallis ANOVA,followed by Mann-Whitney rank-sum test).(B)No PWT
differencewasobservedbetweenanimalstreatedwithNBQX onday10post-SNL in
theaffected hind paw and animalstreated with PBS-vehicleorwith NBQX in the
contralateralhindpaw.SymbolsareasdescribedinFig.3.P,pre-DR values;D,days
afterDR;S,daysafterSNL.
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FFFiiiggguuurrreee666...EffectsofDL-AP3orAPDCpost-treatmentintheperipheryonlumbar5(L5)
spinalnervelesion(SNL)-inducedpaw withdrawalthreshold(PWT)reduction.Changes
inthePWTsofthethreegroupsofanimalsthatreceivedL5SNLfollowingL5dorsal
rhizotomy(DR)areshownonthelefthandsideofeachgraph.(A)Anintraplantar
(i.pl.)injectionofDL-AP3onday10post-SNLintotheaffectedhindpaw resultedin
noPWT differencescomparedwithanimalstreatedwithNaOH-vehicleorwithDL-AP3
inthecontralateralhindpaw.(B)NoPWT differenceswereobservedbetweenanimals
treatedwithAPDConday10post-SNLintheaffectedhindpaw andthosetreatedwith
NaOH-vehicleorwithAPDCinthecontralateralhindpaw.Symbolsareasdescribedin
Fig.4.P,pre-DRvalues;D,daysafterDR;S,daysafterSNL.
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TotestwhetherperipheralNMDA andAMPA/kainatereceptorsare
involvedintheinductionphaseofES-inducedmechanicalhyperalgesia,
theeffectofMK-801orNBQX injectedintothehindpaw immediately
beforeESonPWT scoreswasinvestigated.AsseeninFig.7A,ani.pl.
injectionof20nmolofMK-801,performed15minbeforeES,intothe
hindpaw ipsilateraltoESdemonstratedasignificantincreaseinPWTs
on days 1,2, 3,4,5,6 and 7 post-treatment compared with
PBS-vehicle-treated animals(P<0.05,Kruskal-WallisANOVA,followed
byMann-Whitneyrank-sum test).InFig.7B,theeffectofpre-treatment
intheperipherywithNBQXisshown.AnimalsthatreceivedESpreceded
byani.pl.injectionof100nmolofNBQX intothehindpaw ipsilateral
toESdisplayedsimilarPWTstoanimalstreatedwithPBS-vehicle.
To determine if peripheralmGlu receptors are involved in the

induction phaseofES-induced mechanicalhyperalgesia,weexamined
theeffectsofpre-treatmentwith competitivegroup-ImGlu receptor
antagonistDL-AP3orselectivegroup-IImGlureceptoragonistAPDC
inthehindpaw onPWT scores.AsseeninFig.8A,ani.pl.injection
of70nmolofDL-AP3,performed15minbeforeES,intothehindpaw
ipsilateraltoESresultedinasignificantincreaseinPWTsondays1,
2,3,4,5,6and7post-treatmentcomparedwithNaOH-vehicle-treated
animals(P<0.05,Kruskal-WallisANOVA,followedby Mann-Whitney
rank-sum test).InFig.8B,theeffectofpre-treatmentintheperiphery
withAPDCisshown.Ani.pl.injectionof20nmolofAPDC,performed
15 min before ES,into the hind paw ipsilateralto ES produced a
significant increase in PWTs on day 1,2, 3,4,5, 6 and 7
post-treatmentcompared with NaOH-vehicle-treated animals (P<0.05,
Kruskal-WallisANOVA,followedbyMann-Whitneyrank-sum test).



FFFiiiggguuurrreee777...EffectsofMK-801orNBQX pre-treatmentintheperipheryonlumbar5(L5)
electricalstimulation(ES)-inducedpaw withdrawalthreshold(PWT)reduction.(A)An
intraplantar(i.pl.)injectionofMK-801givenbeforeL5ES intotheaffectedhindpaw
(closed circles) resulted in increased PWTs compared with animals treated with
PBS-vehicle(opentriangles),asindicatedbyasterisks(P<0.05,Kruskal-WallisANOVA,
followed by Mann-Whitney rank-sum test).(B)ThePWTsofanimalstreated with
NBQX beforeL5ESintheaffectedhindpaw (closedrectangles)weresimilartothose
ofanimalstreatedwithPBS-vehicle(opentriangles).DR,dorsalrhizotomy;P,pre-DR
values;D,daysafterDR.
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FFFiiiggguuurrreee888...EffectsofDL-AP3orAPDCpre-treatmentintheperipheryonlumbar5(L5)
electricalstimulation (ES)-induced paw withdrawalthreshold (PWT)reduction.(A)
Animalsthatreceivedanintraplantar(i.pl.)injectionofDL-AP3beforeL5ESintothe
affectedhindpaw (closeddiamonds)displayedhigherPWTsthan thosetreatedwith
PBS-vehicle(opentriangles),asindicatedbyasterisks.(B)AnimalstreatedwithAPDC
beforeL5ESintheaffectedhindpaw (closedhexagons)producedhigherPWTsthan
animalstreatedwithNaOH-vehicle(opentriangles),asindicatedbyasterisks(P<0.05,
Kruskal-Wallis ANOVA, followed by Mann-Whitney rank-sum test). DR, dorsal
rhizotomy;P,pre-DRvalues;D,daysafterDR.
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TotestwhetherperipheralNMDA andAMPA/kainatereceptorswere
involved in the maintenance phase of ES-induced mechanical
hyperalgesia,theeffectofMK-801orNBQX injectedintothehindpaw
afterES onPWT scoreswasexamined.AsseeninFig.9A,alltwo
groups ofanimals thatreceived ES following DR demonstrated a
significantdecrease in PWTs afterES compared with the pre-ES
baseline(P<0.05,FriedmanANOVA).Ani.pl.injectionof20nmolof
MK-801,performedonday3post-ES,intothehindpaw ipsilateralto
ES showed a significantincrease in PWTs at15,30,and 45 min
post-treatment compared with PBS-vehicle-treated animals (P<0.05,
Kruskal-WallisANOVA,followedbyMann-Whitneyrank-sum test).In
Fig.9B,theeffectofpost-treatmentintheperipherywithNBQX is
shown.Ani.pl.injectionof100nmolofNBQX,performedonday3
post-ES,intothehindpaw ipsilateraltoES producednosignificant
differenceinPWTscomparedwithanimalstreatedwithPBS-vehicle.
Thepossibleinvolvementofperipheralgroup-Iandgroup-IImGlu

receptors in the maintenance phase of ES-induced mechanical
hyperalgesiawastestedbyanalyzingtheeffectofDL-AP3orAPDC
injectedintothehindpaw afterES onPWT scores.AsseeninFig.
10A,an i.pl.injection of70 nmolofDL-AP3,performed on day 3
post-ES intothehindpaw ipsilateraltoES,producednosignificant
difference in PWTs compared with those animals treated with
NaOH-vehicle.InFig.10B,theeffectofpost-treatmentintheperiphery
withAPDCisshown.Animalsthatreceivedani.pl.injectionof20nmol
ofAPDC,onday3post-ES,intothehindpaw ipsilateraltoESshowed
nosignificantdifferenceinPWTscomparedwithanimalstreatedwith
NaOH-vehicle.



FFFiiiggguuurrreee999...EffectsofMK-801orNBQX post-treatmentintheperipheryonlumbar5(L5)
electricalstimulation(ES)-inducedpaw withdrawalthreshold(PWT)reduction.Theleft
handsideofeachgraphshowschangesinthePWTsofthetwogroupsofanimalsthat
receivedL5ESfollowingL5dorsalrhizotomy(DR).(A)Anintraplantar(i.pl.)injection
ofMK-801givenonday3post-ESintotheaffectedhindpaw producedahigherPWT
than a PBS-vehicle injection into the affected hind paw,as indicated by asterisks
(P<0.05,Kruskal-WallisANOVA,followedbyMann-Whitney rank-sum test).(B)No
PWT differencewasobservedbetweenanimalstreatedwithNBQX onday3post-ESin
theaffectedhindpaw andanimalstreatedwithPBS-vehicle.Symbolsareasdescribed
inFig.7.P,pre-DRvalues;D,daysafterDR;E,daysafterES.
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FFFiiiggguuurrreee111000...EffectsofDL-AP3orAPDC post-treatmentintheperipheryonlumbar5
(L5)electricalstimulation (ES)-induced paw withdrawalthreshold (PWT)reduction.
ChangesinthePWTsofthetwogroupsofanimalsthatreceivedL5ESfollowingL5
dorsalrhizotomy (DR)are shown on the lefthand side ofeach graph.(A)An
intraplantar(i.pl.)injectionofDL-AP3onday3post-ES intotheaffectedhindpaw
resultedinnoPWT differencescomparedwithanimalstreatedwithNaOH-vehicle.(B)
No PWT differenceswereobserved between animalstreated with APDC on day 3
post-ESintheaffectedhindpaw andthosetreatedwithNaOH-vehicle.Symbolsareas
describedinFig.8.P,pre-DRvalues;D,daysafterDR;E,daysafterES.
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When a peripheralnerve is injured,damaged primary sensory
afferentsemitabarrageofbriefimpulses,orinjurydischarge,which
last briefly several minutes.1 This injury discharge travels
orthodromicallytocentralterminalsinthespinalcordandantidromically
to terminals in peripheraltissues.Ithasbeen known thatcentrally
conductinginjurydischargeisresponsiblefortriggeringneuropathicpain
byincreasingtheexcitabilityofspinaldorsalhornneuronswhichleads
tocentralsensitization.Theabnormalpainbehaviorfollowingperipheral
nervetransectionissuppressedbylocalanestheticblockadeofcentrally
conducting injury discharge2,3 orby intrathecalinjection ofglutamate
receptorblockersatthelumbarleveljustpriortotransection.4BriefES
of C-fibers, which mimics injury discharge, produces prolonged
hyperalgesia,5 although in which the effects exerted by
stimulation-produceddischargethatisperipherally conductedcouldbe
notexcluded.Inadditiontocentrallyconductinginjurydischarge,ectopic
dischargethatislong-lasting21,22andgeneratedfrom neuromaorDRGof
injured sensory afferents23 also accesses to the spinal cord. An
advantageofusingourratswithpreviousDRwouldbethattheeffect
ofperipherallyconductinginjurydischargeonneuropathicpaincouldbe
examined,withoutconsideringthepotentialeffectofcentrallyconducting
impulses.
OurobservationthataninjurytotheL5spinalnerve,wheninjury

and ectopic discharges thatare conducted to the spinalcord are
preventedbyapreviousL5DR,stillinducesamechanicalhyperalgesia
lastingover42days,impliesthatnerveinjury-inducedperipheraleffects
play an importantrolein thegeneration ofSNL-induced mechanical
hyperalgesia.Furthermore,observationsthatartificialinjury discharge



producedbyESofL5spinalnerveundertheconditionofapreviousL5
DRinducesamechanicalhyperalgesialastingover7daysandthatthe
onsetofsuchES-inducedmechanicalhyperalgesiaiscompletelyblocked
by MK-801, DL-AP3 and APDC applied into the plantar skin
immediately before ES, suggest an involvement of peripherally
conductinginjurydischargeintheinductionofSNL-inducedmechanical
hyperalgesia. Nerve injury-induced peripheral effects are exerted
presumablybothbyperipherallyconductinginjurydischargestemming
from injured afferents and by spontaneous discharge from intact
afferents nearby degenerating axon during Wallerian degeneration
following the lesion.The developmentofspontaneous discharges in
intactafferentneighbors following peripheralnerve lesion has been
demonstrated.17-19A possibleroleofsuchspontaneousdischarges,other
than injury discharge,in the generation ofSNL-induced mechanical
hyperalgesia is supported by our findings thatperipherally applied
glutamate receptor antagonists block the onset of SNL-induced
mechanicalhyperalgesia only for severaldays whereas they block
ES-inducedmechanicalhyperalgesiacompletely.
Injury-evokedimpulsestravelingoverprimarysensoryafferentfibers

totheperipherywouldinduceGlureleasefrom theperipheralterminals
oftheseafferents.Infact,ithasbeenshownthattheES ofprimary
sensoryafferentsresultsintheperipheralreleaseofGlu.6Furthermore,
ithas been observed thatvarious subclasses ofGlu receptors are
presentontheperipheralprocessesofprimarysensoryafferents.7,8,10,14A
question then arises as to whetherperipheralGlu plays a role in
neuropathicpain.Numerousevidencessuggestacriticalroleforcentral
Glu in neuropathicpain by showing thatvarioussubclassesofGlu
receptorswithinthespinalcordcontributetoneuropathicpain.3,24-27 To
date,however,littleornoevidencehasbeenpresentedtoindicatethe



involvement of peripheralGlu in mediating neuropathic pain.Our
observationthatmechanicalhyperalgesiainducedbyL5SNL,associated
withpreviousL5DR,isrelievedbyblockingtheactionofparticularGlu
receptorslocallyinthehindpaw,suggestsacontributionofGluacting
atitsreceptorsintheperipherytothegenerationofneuropathicpain.
Ourdatashow thatani.pl.injectionofMK-801,butnotofNBQX,

immediately before L5 SNL delays the onset of L5 SNL-induced
mechanicalhyperalgesia.They also show thatan i.pl.injection of
MK-801,butnotNBQX,relievesthemechanicalhyperalgesiaalready
establishedfollowingL5SNL.Theapplicationofahigherdose(1000
nmol)ofNBQX stillfailedtoeitherpreventorrelievethemechanical
hyperalgesia(datanotshown).TheseresultssuggestthatNMDA,but
not AMPA/kainate,receptors contribute to both the induction and
maintenance phases ofneuropathic pain.Since,as mentioned earlier,
NMDA receptorsarefoundtobepresentontheperipheralprocessesof
primarysensoryafferents,itisspeculatedthatGlureleasedfrom the
terminalsofinjuredprimaryafferentsinhindpaw skinactsatNMDA
receptors on terminals ofnearby intactafferents to sensitize them,
particularlynociceptivefibers,andthusparticipatesinthegenerationof
neuropathic pain.This speculation is supported by observations that
cutaneousnociceptorsaresensitizedbyexposureeithertoGluinthe
normalstate28ortoNMDA intheinflammatorystate.29
Theunderlyingmechanismsofanincreaseinmechanicalsensitivity,

ormechanicalsensitization,thatcanbeinducedbyGluintheperipheral
terminalsofuninjurednociceptiveafferentsarenotclear.Itispossible
thatCa++dependentproteinkinaseC(PKC),whoseactivityincreasesby
NMDA receptor-mediated Ca++ influx,is involved in this mechanical
sensitization.Insupportofthispossibility,ithasbeenfoundincultured
ofadultratdorsalrootganglion (DRG)neurons thatmechanically



induced responsemeasured astransientincreaseofintracellularCa++
level, is enhanced by activation of NMDA receptors. This
NMDA-mediated potentiation ofmechanicalresponse is inhibited by
PKCinhibitorormimickedbyPKCactivator.30Furthersupportofarole
ofCa++ dependentPKC innociceptorsensitizationistheinhibitionof
potassium K+ currentsinculturedcapsaicin-sensitiveratDRG neurons
byPKCactivatorinwhichCa++entryisnecessary.31
Ourobservation ofthe failure ofperipherally injected NBQX to

attenuateneuropathicpainbehaviorconflictswithresultsshowingthat
acute inflammatory pain behavior induced by formalin,which lasts
severalhours,isattenuatedbytreatmentlocallyintheperipherywith
another AMPA/kainate receptor antagonist CNQX.32 However, this
agrees with the findings that chronic inflammatory pain behaviors
inducedby eitherFreundscompleteadjuvant33 orbeevenom,34 which
lastlongerthanseveraldays,arerelievedbyperipheraltreatmentwith
MK-801,butnotwithCNQX treatment.Thisdiscrepancymayreflecta
differenceinpathologicalconditions,betweentheacuteandchronicpain
states,for peripheralGlu to exertits effecton the generation of
pathologicalpain.WespeculatethatintheperipheryGluactsatboth
NMDA andAMPA/kainatereceptorstogenerateacutepain,whereasit
actspreferentially atNMDA receptorstoproducechronicpain state,
includingSNL-inducedmechanicalhyperalgesia.
ThemGlu receptorsarewidely expressed in thecentralnervous

system,where they function to modulate neuronalexcitability and
synaptictransmission.On thebasisofstudieson thefunctionsand
pharmacologyofmGlureceptors,35,36group-ImGlureceptorsareknown
toassociatedwiththeactivationofphospholipaseC,whichresultsin
thereleaseofcalcium from intracellularstores,andwiththeactivation
ofproteinkinaseC.Ontheotherhand,group-IImGlureceptorsare



negativelycoupledtotheactivationofadenylylcyclase,whichresultsin
adecreaseincyclicAMPproduction.Thus,activationofgroup-ImGlu
receptorsleadstoincreasedneuronalexcitability,whereastheactivation
ofgroup-IImGlu receptorsresultsin decreased neuronalexcitability.
Recent evidence suggests that peripheral mGlu receptors play a
substantialroleinthemodulationofnociceptiveprocessing.Anatomical
studies haveshown thatboth group-Iand group-IImGlu receptors
were localized on peripheral nociceptive afferents.9-11 It has been
observedthattheactivationofperipheralgroup-ImGlureceptorsbyan
i.pl.injection oftheiragonistsresulted in nociceptivebehaviorsthat
were blocked by appropriate antagonists.9,11 Consistent with these
findings,ourresultssuggestthatblockingoftheactionsofperipheral
group-ImGlu receptors prevents the induction ofneuropathic pain
behavior,becausetheyshow thatthegroup-ImGlureceptorantagonist
DL-AP3,whenadministeredlocallytothehindpaw beforeSNL,delays
the onsetofSNL-induced mechanicalhyperalgesia.Interestingly,we
observedthatani.pl.injectionofthegroup-IImGlureceptoragonist
APDCalsodelaystheonsetofmechanicalhyperalgesia,whichsuggests
thattheactivationofperipheralgroup-IImGlureceptorspreventsthe
inductionofneuropathicpainbehavior.Thesimilarfindingshavebeen
reported, in which the intraperitoneal26 and the intrathecal37
administration of group-II mGlu agonist were found to reverse
neuropathicpainbehavior,althoughinbothreportsagonistsmayhave
hadsystemiceffects.Wespeculatethattheactivationofgroup-Iand
group-IImGlureceptorsintheperiphery,whichperhapsoccurduring
theinductionphaseofneuropathicpanduetoperipherallyreleasedGlu,
may havenoeffectonthedevelopmentofneuropathicpain.Thisis
because,basedonourresults,theinductionofneuropathicpaincanbe
facilitatedbytheactivationofperipheralgroup-ImGlureceptors,but



hindered by the activation of peripheralgroup-II mGlu receptors.
Nevertheless,our findings suggestthe potentialutility ofselective
group-Ireceptorantagonistandgroup-IImGlureceptoragonistforthe
treatmentofneuropathicpain.
Wepostulatetwoeventsaspossiblemechanismsthataccountfor

thedevelopmentofmechanicalhyperalgesiainratsthathavereceived
L5SNL associatedwithpreviousL5DR.Thefirstisassociatedwith
injurydischargethatisevokedatanearlierstagebyL5SNL from
injuredprimaryafferents,andconductedantidromicallytotheperiphery.
Thesecondisassociatedwithspontaneousectopicdischargeinducedat
alaterstagefrom nearby uninjurednociceptiveafferents,duetothe
degenerationofinjuredperipheralaxonsafterL5SNL,whichmaytake
severaldays to occur.This type of ectopic discharge has been
demonstrated.18 An earlier injury discharge would,by causing the
peripheralreleaseofGlu,initiateasensitizationofperipheralterminals
ofnearby uninjured nociceptiveafferents,and thuscontributeto the
induction ofmechanicalhyperalgesia.A laterectopicdischargewould
notonlyproduceasensitizationofcentralneuronsbygainingaccessto
thespinalcord through theL4spinalnerveand dorsalroot,butit
would also producea peripheralsensitization ofuninjured nociceptor
terminals, thus contributing to the maintenance of mechanical
hyperalgesia.Weobservedthatasinglei.pl.injection oftheNMDA
receptor antagonistMK-801 prior to SNL exerted anti-hyperalgesic
action lasting for2-4days.Thiscould beexplained ifblocking the
action ofGlu released peripherally atan earlierstage prevents the
induction ofmechanicalhyperalgesia,untila later eventoccurs to
developmechanicalhyperalgesia,whichmaytakeseveraldays.



VVV...CCCOOONNNCCCLLLUUUSSSIIIOOONNN

The present study was conducted to provide evidence for a
hypothesis thatnerve injury-induced peripheraleffects contribute to
neuropathicpain.Using ratsthatreceivedpreviousL5DR,in which
centrallyconductingimpulsesareprevented,weobtainedthefollowing
results.
L5 SNL reduced PWT ofthe affected hind paw with a peak

reductiononday3post-SNL.ThisreducedPWT wasmaintainedforat
least42daysofthetestperiod.L5ESalsoreducedPWT inasimilar
way toSNL,lasting for7days.When an i.pl.injection wasgiven
immediately beforeSNL,NMDA receptorantagonistMK-801,group-I
mGlureceptorantagonistDL-AP3,andselectivegroup-IImGlureceptor
agonist APDC delayed the onset of mechanicalhyperalgesia.For
ES-induced mechanicalhyperalgesia,the same application ofabove
drugs completely blocked it's onsetas long as for42-testperiod.
Pre-treatmentofAMPA/kainatereceptorantagonistNBQX waswithout
an effect on either SNL- or ES-induced onset of mechanical
hyperalgesia.When drugs were given afterSNL induced-mechanical
hyperalgesia had been established, MK-801 reversed mechanical
hyperalgesiaforabout45minutes,whereasNBQX,DL-AP3,orAPDC
had no effect. The same was true for ES-induced mechanical
hyperalgesia.
Theresultssuggestthat1)peripherallyconductingimpulsesplaya

crucialroleinthegenerationofneuropathicpainand2)thatperipheral
Glureceptorsareinvolvedinmediatingthispain.Itwouldbepossible
that various subclasses of peripheral Glu receptors could be
therapeuticallytargetedtomanageneuropathicpain.
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외외외상상상성성성 신신신경경경병병병증증증통통통증증증 모모모델델델 쥐쥐쥐의의의 기기기계계계적적적 통통통각각각과과과민민민 현현현상상상에에에서서서
말말말초초초 gggllluuutttaaammmaaattteee의의의 역역역할할할
<지도교수 임 중 우>

연세대학교 대학원 의과학과
장 준 호

말초신경 손상은 기계적 통각과민을 포함하는 신경병증통증을 유발한다.
말초신경이 손상되면 일시적으로 신경방전을 생성하는데 이러한 손상방전
은 중추 혹은 말초 양방향으로 전도될 수 있다.중추 쪽으로 전도되는 손상
방전은 중추신경계를 민감화 함으로써 신경병증통증의 생성에 기여하는 것
으로 알려져 있다.한편,말초 쪽으로 전도되는 신경방전 역시 신경병증통
증 생성에 기여할 가능성이 있는데,실제로 말초로 전도되는 신경활동은 말
초 쪽 신경종말에서 glutamate를 분비하고 결과적으로 glutamate수용체를
활성화함으로써 통증을 일으키는 것으로 보고 되었다.하지만,이러한 가능
성에도 불구하고 역방향성 신경방전이 신경병증통증에 기여하는지는 아직
밝혀지지 않은 실정이다.본 연구에서는 신경손상에 의해 말초신경계 수준
에서 유발되는 변화(peripheraleffect)가 신경병증통증의 형성에 기여한다는
가설을 설정하고 이를 증명하고자 하였다.이를 위해 제5요수 후근(L5
dorsalroot)을 미리 절단한 백서를 이용하여 1)L5척수신경(spinalnerve)
의 손상 또는 전기자극이 신경병증통증을 유발하는지,2)이러한 신경병증
통증 유발에 있어서 이에 말초 glutamate이 관여하는지 조사하였다.
신경손상은 L5척수신경을 결찰 후 절단함으로써 시행하였고,전기자극

은 L5 척수신경에 접촉한 은선(silverwire)을 통해 연발성 펄스(train
pulses;0.5-ms,2-5mA,4Hz)를 5분간 가해줌으로써 시행하였다.신경병
증통증의 특징인 기계적 통각과민에 관한 행동반응은 vonFrey필라멘트를
뒷 발바닥에 가하고 이에 대한 발의 회피반응 정도를 측정함으로써 분석하
였다.말초 glutamate수용체의 신경병증통증에 관한 기여도는 glutamate
수용체 아형의 길항제나 효현제를 신경손상 측 발바닥 피하에 처치하고 이



러한 처치가 기계적 통각과민에 미치는 영향을 분석함으로서 조사하였다.
제5요수 후근을 미리 절단한 백서를 이용한 이상의 실험을 통해,다음과

같은 연구결과를 얻었다.
1.L5척수신경을 손상한 다음날부터 손상 측 발의 회피반응역치는 감소하
였고,이러한 감소는 손상 후 3일째에 최대에 도달하여 약 42일간 유지
되었다.이러한 역치감소를 기계적 통각과민이 생성된 것으로 간주하였
다.

2.L5척수신경을 전기자극한 경우도 신경을 손상한 경우와 비슷하게 기계
적 통각과민이 유발되었는데,이는 7일 정도 유지되었다.

3.척수신경 손상에 의해 유도되는 기계적 통각과민은,손상 직전에 발바닥
피하에 처치한,NMDA 수용기 길항제인 MK-801(20nmol),group-I
mGlu수용기 길항제인 DL-AP3(70nmol),그리고 group-IImGlu수
용기 효현제인 APDC(20nmol)에 의해 1∼4일 그 유도가 지연되었다.
하지만,AMPA/kainate수용기 길항제인 NBQX (100nmol)에 의해서는
영향을 받지 않았다.

4.척수신경 손상에 의해 이미 통각과민이 형성된 상황에서는,MK-801만
통각과민을 45분 동안 완화하였고,NBQX,DL-AP3그리고 APDC에 의
해서는 영향을 받지 않았다.

5.전기자극에 의해 유도되는 통각과민은,자극 직전에 처치한 MK-801,
DL-AP3그리고 APDC에 의해 완전히 차단되었다.

6.전기자극에 의해 이미 기계적 통각과민이 형성된 상황에서는,MK-801
만 통각과민을 45분 동안 완화하였고,NBQX,DL-AP3그리고 APDC에
의해서는 영향을 받지 않았다.
이상의 실험 결과는 1)신경 손상에 의해 말초로 전도되는 신경활동(직

접적인 손상방전,혹은 신경손상에 의해 이차적으로 유발되는 신경활동)이
신경병증통증의 형성에 중요한 역할을 하며,2)각 경우 모두에 있어서 말
초 glutamate가 공헌함을 보여준다.

핵심되는 말 :신경병증통증,신경손상,손상방전,glutamate,전기자극
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