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Inhibition by baclofen of NM DA-activated current 

in rat dorsal root ganglion neurons1 
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AIM ：To explore the modulatory effect of baclofen Oll 

NMDA-activated current in rat dorsal root gmglion 

(DRG)neurons． METItOIls：Whole．ceu patch． 

clamp technique was used to record NMDA．activated 

currentin isolated DRG nimBi'oils． Drugs were applied 

by rapid solution exchange RESULTS：Preapplica- 

tion of baclofen 1 — 100 “皿ol·L induced a 

inhibifion of the inward 

NMDA-activate【i current markedly． NMDA f 100 

ffmol·L_。)一activated cBrreDt wasinhibited by 52％ ± 

14 ％ ( = 11，P <0．01)by preapplication of 

b~clofen 100 ．mol·L_。． n e inhibitory effect of 

b~clofen was reversible，and was removed by saclofen 

100ffmol·L～ ，which wilts a selective antagonist of 

GABA8 receptor． CONCLUSION：Preapplicafion of 

b~clofen exertsan inhibitory effect onNMDA．activated 

current in the primary sensory neurons． 

GABAAandGABAs receptors existed separately or 

coexisted in the membrane of p~'nary sensory 

neurons【l__ NMDA receptors or glutamate recepto~ 

existed in the membrane ofdorsal root ganglion(DRG) 
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Deur ons 7j
． Since these receptors were coexprer,sed 

in the sl堋 e DRG neuron~8J．if they were activated 

simultaneously，an interaction might occur between the 

responses mediated by these receptors It has been 

shown in our recent investigation that b~clofen， a 

specific agonist of GABA8 receptor， inhibited 

membrane responses mediated byGABAA receptorin rat 

DRG lleurons[ ． GABAR receptors mediated 

inhibition of the NMDA component of synaptic 

transmission in the rat hippocanapusL 
． The present 

study wilts t0 explore the modulatory effect of baclofen 

on NMDA-activated  CUlTerlt i11 the neurons freshly 

isolated from rat DRG． 

Cell isolation Young Spragne—Dawley rats 

(100一l50 g，Grade 1I，Certitic．ate№ TJIA一 )of 

either sex，were decapitated ．the vertebrate colllinn in 

thethoracicand hmabarsegmentswas dissected out and 

longimdinally divided intotwo halves alongthemedian 

l'nes on both dorsal and ventral sides． The DRG 

togetherwith dorsaland ventral rootsand spinalilelwes 

attached weretR．1~n outfrom theiilner side of each half 

of dessected  vertebra and transferred int0 Dulbecco’s 

modified Eagle’s lll~ llm 【DMEM ， Sigma：DMEM 

l3．84 g‘L～，NaCI 2 64 g’L )at pH 7．4，．340 

mOsmo l·kg_ ． After removal of attached nerves and 

surrounding connective tissues 8—10 DRG were minced 

wjth dissecting spring scissors and incubated with 

trypsin (typeⅢ，Sigma)0．5 g。L～，collagenase 

(type IA，Sigma)1．0 g·L～，andDNase(typeⅣ， 

Sigma)0．1 2·L in DMEM 5 mL at 35℃ in a 

shaking bath for 35 — 4o rain． Soybean ll'ypsin 

inhibiter(type H—S，Sigma)1．25 g·L was added to 

stop the enzymatic digestion le isolated neurons 

were transferred ham a35．mm culturedishfor 30min． 

Experimentswere~ fonned at(25±2)℃ ． 
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Recordin4 Whole--cell patch--clamp recordings 

carried out by a PC—I1 patch—clamp amplifier 

(Huazhong Univ of Sci＆ Tech) e micropipette 

was疗11。d th internal solution．compo sed of{mmo1． 

L。。)：KC1 140，MgC12 2，l{EPES 10，eg．azic acid 

(EGTA】11．ATP 5． Osmolarity was adjusted to 320 

with sucrose and pH was adjusted to 7．4 with Ko}{． 

e eXtelTlal solution contained (inmmol·L_。)：NaC1 

l5o，Ka 5，CaC12 2 5， MgC12 l，HEPES 10， d- 

glucose 10． Osmolarity was adjusted to 340 with 

sucrose and pH was adlusted to 7．4 with NaoH． The 

resistance of recording electrodes was 1—4 Mn． After 

awhole cel1 configuration was established．a series of 

Yesis[aiice and capacltaiice coln~ [1ons were adjusted 

bef0re the experiments． Membrane curreats ~,rere 

filtered atl0I-Iz(一3 dB) Damwere analyzedin a 

super 386 computer with a dam acquistions of software 

and hardware system (Huazhong Univ of Sci& Tech) 

or recorded by a pen recorder． Experiments were 

carried out at a holding potential(HP)0f一40mV． 

Drugs d，I-Baclofen(RB1)，N-methy-D-aspa- 

rtic acid {NMDA， Sigma )． 2一amino-5一 

phosphonovalerate(APV，Sigma)，saclofen(Sigma)， 

ycine(GIY．Shanghai№ 3 Pharmaceutical Factory． 

China) AI1 drugs were disselvad in exte171al solution 

and applied by gravity flow from an array of tubules 

(OD／IJ1] 5O0~rn／300 fan)，which were connected 

to a series of indeoendent reservoirs． The distance 

from themonth oftubuletothe cel1wasfrom 90f0110 

Ⅲn． is rapid solution exchange system was 

manipulated by shifting the tubule horizontally with a 

micmmanipulator． 

S忸tisacal methods 111e values of卜 DA 

activated current were presented as j±5 and compared 

th f test． 

RESUl_TS 

The isolated DRG neurons had a round or oval 

shape with a residue of stem process．whichwas CUt 0fr 

by enzymaticandmechanical treatmen t． 

NM DA-activated inward currents A large 

number of cells{68／96，71 ％)were sensitive to 

NMDA (1— 100 t~mol·L_。)aTNied extemally． 

Application of NMDA 1— 100／sMlo1．L_。induced a 

inward cltrreat(Fig 1A，rt=5 

nellroas)． The concentrations of NMDA that inducexl 

5o％ 0ftIlemaximalresponse(EC 1)andthemaximal 

response(，mn)were arotmd 12 unlol’L and 287 pA 

(NMDA 100 gmol·L。。)． respectively． The 

am plitude of NMDA {100 ttmo1一L_。)一activated current 

was 194 pA±21 pA (n=l1)，ranging from 129∞ 

258 pA． A selective NMDA receptor antagonist，2． 

am ino-5·phosphonovalerate (APV，100 f Lmol·L )， 

blocked NMDA．activated ctnTen[(n=6)cFig 1B) 
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Fig 1． NMDA-activated cIⅡTen悔 in rat DRG 

The am plitude of NMDA (1【xI Ⅱ101·L_。) 

activated COlieriLwas rather smallas compared with that 

of GABA (1【xI 一 )． ． e 
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recordings of 100 L and GABA 

(1【xI tmaol·L )一activated CLh'l~atS showed that the 

am plitudes f0rthesetwo kinds of cnlTents estimatedin a 

single DRG cell were 112 pA and 1 nA (voltage 

clamped at ～60mV)，respectively(Fig 2) 

Another discrepancy betweea them was that the 

desensitization of GABA．activated CUll'eat was very 

apparent，／e，though GABA is present continuallyand 

i证 concentration remained unchanged ．the amplitude of 

the current decayed exponentially afterit reached apeak 

value(， )and then maintained at a level of steady 

slate t l ) In contrast to that， NMDA—activated 

curreat showed a very slow desensitization(Fig 2)． 

Inhibitory effect of baclofen on NM叮A． 

activated current No change in membrane cnlTent 

was observad when baclofen(1一l【xI“Ⅱ10l_L_。)was 

applied for 30 s prior to application of NhfDA．an 
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Fig 2． Inhibitory effect of badofen100 unmI·L一 on 

NMDA{100 tmml·L 】．and GABA{100 tmml·L )· 

activatedamTem inthe Ⅱ地 DRGneut-ons【n=51． 

anenI1adoI1 of NM DA．activated CnlTelqt occurred． 

Baclofen reversibly depressed NMDA-activated cun~ ts 

in most of the neulons(49／68．72％)，while in the 

remaining 19 DRG neulons baclofen did not affect 

NMDA-activated current (19／68， 28％ ) The 

inhibitory effect of b日dofen was concentr~on- 

(1eDendem and increased gradu~ly with the increase in 

baclofen concentration(Fig 3)． 

⋯ l 3 10 30 100bacloien W
ash 

]，r-Lr_Lr弋厂V V  砉 

3 10 30 100 

Baclofen／tsmol-L。 

Fig 3． Baclofeninhibition 0f NMDA c100Itmol·L l· 

ac~vated 0【nTem ． 8—11 DRG cells voltage clamped at 

一 40 nlv． ±s． 

A 10-rain al was interposed between each 

baclofen preapplication and recovery responses of 

NMDA-activaled cm'tents． On average， the current 

activated by N~Ⅱ)A l【x】／~rnol。L was suppressed by 

l9％ ±5 ％ ，32 ％ ±5％ ，37 ％ ±6％ ，42 ％ ± 

6％ ，52 ％ ±6 ％ by baclofen1，3 10 ,30 and l00 

／~rnol‘L～，respectively． 1be (95％ confidence 

limits)were 18(15．75—20．25)“mol·L～ 

Selective GABAB receptor antagonist saclofen(100 

~tmol·L一 )prevented the suppression of NMDA． 

activated cIl∞ lt by baclofen l【x】tanol·Lf。(1—100 

m01·L )( =7，Fig 1C)． 

Not only NMDA—activated current． but also 

GABA—activated current were inhibited by baclofen 

(1【x】／~mol·Lf。)in the salne DRG neuron( =5． 

g 2)． 

Effe~ of voltage on the inhibition by 

baclofen of NMDA．activated current It was 

desirable to hold nem~ns at depolarized potentials for 

long per~oas． 1be pipette solution contained (imnol。 

L )：o妇 140，MgC12 2，EGTA 11，吼 S lO． 

口H was adjusted to 7．4 with Cs0H． Baclofen 
suppressed NMDA—activated cIl眦 】t at all holding 

potentials between 一 180 mV and + 40 mV The 

reversal potential for NMDA—activated current was 

around +10 mV ( =5)． Strong outward rectifica- 

tion of NMDA-induced current at inembl'dlle potentials 

mole hyperpolafized than 一40mV． 1 e suppression 

by baclofen of NMDA．acfivaled cm'tent 、vas in a 

voltage—independent Inanrler and the reversal potential of 

NMDA activated current remained unchanged in the 

presence ofbaclofen(m0,umol‘L )(n=5，Fig4)． 
Inhibition of N ⅡIA．activated current by 

baclofen Ihe inhibition of NMDA．activated current 

appeared at 30 s after preapplication of baclofen f1l【x】 

~zrnol·L ， =7)and reachedits peak at about 2—4 

min． It took about 8—10 min to get a fuU~：overy 

from baclofen intfibition． If the interval between 

~ tment with baclofen and ap01icafion of NMDA 

waslessthan 30 s，no effectwas observed(Fig 5)． 

Inthe present study，theNMDA-activatedinward 

current was identified to be the cIl∞ 】t mediated b 

NMDA receptors， since it could be potentiated and 

attenuated by co~plication of Gly and M 
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rig 5．Baclofen(100 lIln0IIL一 )inhibitionof NMDA 

(100 pmol·L一 1．activated current【n=7l1． 帅IIs)． 

respectively and blocked by NMDA receptor autagonlst 

APV completely． The amplI仙de of NMDA-activated 

CUlTCnt recOrded was too small to detect in山e normal 

external solution at holdingpo tential of一60mV，soin 

this experiment the holding potential was always 

clamped at the level of一40 mV for favouring to get 

more obvious recordings． 

The result that preapplication of baclofen produced 

allinhibitory effect ontheNMDA-activated currentwas 

convincing， because the GABAB receptor antagonist 

saclofen could almost reverse the hahibitory effect of 

baclofen completely ‘Fig 1C)，in addition， the 

baclofen inhjbidon revealed all obvious concentration— 

dependent relation (Fig 3)． It is evident that山e 

attenuation of NMDA-activated current by baclofen is 

more pmfoand than the blockade by hi曲 M of 

N Ⅱ)A—a~ vated current． 

What is the physiological significance for the 

inhibition by baclofen of NMDA—activated current? It 

is not clear now． As we know gm -aminobutyric 

acid(GABA)is the major neurotransmitter related to 

the generation of presynaptic intfibidon of primary 

afferent tenninalsL ． GABA as all inhibitory 

neuretransmitter acts not only on GABAA receptor， 

opening the CI— channel and involving in formation of 

primary afferent depolalizafion (PAD)，but also on 

GABAB receptor，mediating inhibition of Ca2 influx 

and shortening APD during acdon potential【 。‘。 
．  

刃茁Se two acdons of G result in the d~rease of 

release of neurotrausmitter including substance P (SP) 

and glutamate (au)from primary aff erent temainals． 

According to the reports published recellfly 一7j
，
there 

exists NMDA G】u autoreceptor in the presynaptic 

sensory tenninals，which enhancesthefllrtherrelease of 

Glu via positive feedback mechanism． Taldng these 

findingswith the present studytogether，it suggeststhat 

the activation ofGABAereceptorin the pr~ ary afferent 

terminals ma y produce presynaptic inhibition of Gin 

release both by suppressing of Ca2 influx during AP 

directly and by breaking down the positive feedback 

linking of activation of N Ⅱ)A autoreceptor 

immediately． 

There are several po ssiNe routes of 

intramembmnous and intracellular Uansduction It is 

believed reasonablythat山e activation ofPKC giVeS rise 

to phosphorylatlon at the site for cAMP-depe ndent 

pho~phorylation in the cytoplasmic loop of NMDA 

receptor and results in closure of NMDA receDtor 

chailnel and 山us decreases in Caz influx in DRG 

neu s
：I4]

．  
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； 一 
巴氯芬对太鼠背根神经节神经元NMDA激活电流 

的抑制作用 ；；8、2f 

司军强l李之望 (同济 科大学 R脚 
奚 学 D，武汉 o，中国) 

关键词 巴§ 甲基D‘蕈妻堡 至堡； 
墨芏； ；膜片箝技术 

目的：探索 巴氯芬对 太鼠初级感 觉神经元膜 

NMDA激活电流的调制作用 方法：全细胞膜片 

箝技术在新鲜分离的背根神经节(DRG)细胞上进 

行实验． 结果：DRG细胞外加巴氯芬 (1—100 

tanol·L。。)未记录到可检测的膜电流改变，但预加 

巴氯芬对 NMDA激活电流则有明显的抑制作用． 

巴氯芬 100 tanol·L。。对 NMDA(100／~mol·L。。)激 

活电流的抑制可达 52％±14％ (n=l1．P< 

0．O1)．此抑制作用被 GAB 受体的拮抗剂沙氯 

芬(100／~mol·L。。)所取消．结论：初级感觉神经 

元膜上GABAB受体的激活对 NMDA受体介导的 

膜电流具有抑制作用 
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