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皿 y W ORDS pentob~bital；GABA；patch- 

clamp techniques；neIlHms：spinal cord 

A ：To st．dy the effects of~ntobarbital(PB) 
Oil acutely di~ eiated rat sacral dorsal 

eommis~ al珊l岫 ns(SDCN)． M m o璐 ： 
Nys~in-perfomted patch clamp recording was 

llsed． ~ 'IrS：(1)At a holding potential 
of一 40 mV．PB induced irrward C1一 CUrrent 

( )in a concentration—dependent n'lll／1／ler with 

a ECm(95％ confidence limits)of 416(385— 

477)“ll 1．L— and a Hi11 coefficient of 1．08． 
(2)Picmtoxin reversibly bloeked ． (3)The 
reversal potential of IpB w舾 close to the Col— 

equiliI试uIn potentia1． (4)PB enhancedGABA- 
induced C1一influx(，ĜBA)． h tIle presence of 

PB 30 g~rol·L一，tIle EC50(95％ confidence 
limits)of，ĉBA decreased from 6．9(5．4—8．4) 
nl0l‘L一。to 3

．5(2．9—4．1)txmol·L～． 
12ONCLIYSION：PB had dual effects on SDCN． 

facilitated GABA^ reeeptor-medlated currents， 

and at lli coneentmfiom induced C1一 influx 

itself． 

~ esthetics-indueed s1 叻 of 嘶 n． 

evokedmovementw舾 mediated atthe spinal cord 

level，rather than in supr~ iml sitesL 
．

In 

both intact and spinal rals，pentobarbital(PB)． 
prevented the develoNnent of C．fiber-ind~ ed 

删 孽esia ，s1唱罾esIir唱that砒least a paTt of 
al1e clle cs_iIIduced &p~ ion of noticeDtive 

re． me is due to blockade of such n D0rlses in 

spiral d0r8al horn neu瑚仉s． In the d0I朝l root 

~ liorl ce]Us of L and in the di~ eiated 

eerebell~ PlⅡbn1e cells， nueleIls uactl1s 

s0litar
r

i
．

t~ 
、

aTld supl'aehia~ tic rlllclell~netlron~ 

of rat ．PB ~utgnents the Col。 conductance 

evoked byG柚A，andPBitselfalsoinduce Col一 

n畸耐 舢 ed t1_e lj加曩l sc Foundation ． 
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CUrrent． In order to elucidate the actions of the 

general anesthetic within the spinal cord， We 

studied the effects of PB oil acutely dissociated 

rat sacral dor朝l eommissural IlellrOrl~(SI)CN)． 
which have been implieated Tn re~ying 

noeiee~ve informationL ． 

ÎA．I重 IAI．s A ID 皿̂ 叠0DS 

Pre口a枷 0n 0f SD Two-week-old 

Sprague-Dawley mts (Cenificate to the rats № 

o8 14 SllaaⅢi：Ce~ifieate to the animal house 

№ crJ95(Io2．HA )were decapitated under 
pentob~bital sodium anesthesia． Spinal cord 

(k—S2)w舾 sectioned with a vibmtome(明 一 

1O0o，D0s出I)to slices 400 m t}lick coil ning 
the SDCN region． |I1 sfiees were preincubated 

in oxygenated standard external solution(SES)at 
22—25℃ for 50 mil1． rI1len the slices were 

treated with SES o町na ng pmnase 0．125 一 

O．167 g·L at 31℃ for 2o min，f0Uowed hy 

exposuretothe~ lysin0．125—0．167 g·L for 

m'~other 15 min． Il1e slices were ken in 

emyme-fiee旺 S f0r l h． n1e SDCN region was 

micro-punched mlt with an electwlytic~lly 

polisl~l injection needle and t1HnsI rIed into a 
eulture dish(ndCOn)删ed tIl SEs． Neumm 
were mechanically di~ eiated with 6re_D(djshed 

Pasteur pipettes under a phase—contrast micm． 

scope(Olympus，叩 0)． Di~ eiated ml岫 璐， 
which adheredtothe bottom ofthe dishwithin 20 

min． were llsed for the eleetmN'qsiologieal 
studies． 

Solu~ m n1e SES contained NaCol 15O． 

KCl 5， Ca 2， 1， 砸 PES 10， and 

sluco~ 10 mⅡd·L。 ；pH w舾 adjusted tO 7．4 
with TH base． Il1e pipette solution contained 

KC1 150 and 肛 PES 10 1．L-1； pH was 

adjusted to 7．2 wlth Tris-t~se． A nystatin stock 
solution in acidified methanol at a concentration 

0f 10 g·L。 was prepared and stored at 
一 2O ℃ ． Il1e stock~ludon was added to the 

pipette solution with nystolin at a final 

concerl~ ion of枷 嘴 ·LI1 il璩l before u8e． 
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When山e current．voltage(1一 V)mhtio~ p 
for tIle PB—induced current was examined． 

tetrodotoxin( 几1x)0．3 mol·L and CdC12 10 

vmol·L were added to tIle external solution： 

CsC1 150 mmol·L was substituted for KCl in 

the pipette solution． 

Electric measmamaent Electric lneaSUl~． 

ment was done using nystatin-perforated patch 

recording configuration under voltage-clamp 

condition at 22 —25 ℃ ． Patch pipettes were 

pulled from capillaries(OD 1．5 nlln)on a 
two-stage puller (PB-7， Narishige)． The 
resistance between the Iec Olthng electrode filled 

wi山 pipette solution and tIle refefence electrode 

was 4—6 Mn． rI1le electrode was connected to 

a patch．clamp amplifier (a1上．2300， Nthon 

Kohden)．五ltered at 1 kHz． rn1e current and 
voltage sj were monitored with a pen 

recorder(Omni~e RT 31o8。San-ei)。sampled 
and analyzed using a DigiData 1200A interface 

and a computer(Compaq Presario 7170)wi山 

pCI．Â 6．O．2 software (Axon Inse ts)． 
rn1e membrane potential was held at一4o mV． 

oept when I— V relationship was examined． 

Measurements were started after the stabilization 

ofthe GABA response(15—20 min after cell 
attachmentinodewas obk ned)． 

DIm擎 Pronase(Calbiochem)。thermoly- 
sin， nystatin， picmtoxin， 几1x。 bicuculline 

(Sigma)，and pontobarbital sodluin(Union)， 
GABA (Tokyo Kasei) were used． Rapid 
medication was ven wi山 山e “y-tube” 

me thod ’ ．which allowed a complete exe~m ge 

of external solution surrounding a neuron within 

20 ms． 一 

Statistk,l tmaysis 

as 牙±s． ECso and 

Dam were presented 

Hdl coefficient were 

assessed from the Michaelis．Menten Ⅻ ati0n 

using aleast-squaresmethod： 

1=，叫 ‘ ／( +EC )， 

where 1 was current， ，加n was the maximal 
response， was the 咄 coefficient，E was 

the half-maximal effective concentration，and C 

was the concentration of agonists． A儿 currents 

were nonnalir~ toGABA 10gmol·L一 when the 

concentration-response curve was plotted and 

eachpointwasthemeanof6records． Wllenthe 

，一 V relationship was examined． all records 

were normalized to the currents induced at a 

holding potential of 一4o mV an d each point 

represented the meaD_of4 records 

REsIⅡ 

PB-~aduced inward cm3r~ t Application 

0f PB evoked inward current(1ib)in all SDCN 

tested at a holding potential of 一40 mV． nle 

current h~caIIle detectable at a concentration of 

100 btmo l_L_。and increased in a concentration． 

dependent nlanDer(Fig 1Aa)， leading to a 
sigmoid-shaped concentration-response curve with 

aE (95％ contldenee limits)of416(385— 

447)tanol·L and a HiII coemcient of 1．O8 

(Fig 1B)． rn1e wash．out ofPB at concentrations 

llighel"than 3 mme l·L always in．cod a 

transient tail inward current(hump current)(Fig 
1A且)． rn1e 1PB was reversibly blocked by 

picmtoxin， that blocked the C1一 channels 

COilpling toGAB AA receptors(Figlab)． Inthe 

presence of piemtexin 100 p．mol·L～ ． tIle 

A PB 
1∞ _ ∞ O．mat-t：' 

a _：===- C 

PB Hb．o删  

枷  ’ 

b f ：  

1 mrr●醇  a[11111101- 
●■ ■ ■ 一 ● ■■ ■ 一  

o．ol 0．1 1_o 10 

Pentobarbltal sodlumlmmol-[1 

Fig 1． PIB-I,,,-T,,~ I kiward out'reals 岛) 
． Aa： the 

inward out'reals|nfltw~l by衄 b恤t∞n衄 Il啦啷 0fPIB啦a 

h枷 i廿g 岫 衄 0f一钟 mV． Ab：the cmrmtn印 饵嘲 to 

PIBSilo m0l。LI】alone(1哦 】-缸 thela~senze 0f~oroto~  

100 删 。L (middle】．蚰d alone蛐 ( t)． B：the 
∞D睫Ⅱ1日删胁  印加 醣 aⅡ’ of IB —hltlne~d 咖 姆． 

丫 置S ．_1m 

{1 

 ̈ 他  ̈  ̈  ̈  ̈  ̈

B 芒引Jn3 ê i —o正 
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current induced by PB 5O0／~rnol·L decreased 

bv 95％ ±3％ (n=4)． concentration- 
respotme relationship of ，PB peak current 

component w∞ summai~ed in Fig 1B． 

Current-voltage(J—y)relationslfipfor 
IN To determinethe ion responsible for Ivs in 

sI)CN， the I — V telationshlp for IpB w∞ 

examined． Fig 2A showed the currents induced 

by PB 500 啪 l·L at Va．~OUS di嘴 

potentials．11le reversal potential(EPB)of，PB 
was 0．66±0．08 mV ( =5，Fig 2B)，which 

was close enough to the theoretical Cl— 

equilibrium potenfial (Ea) of 一 1．8 n1v 

calculated with the Nernst Equation from the 

given∞ and intracellular C1一activities(161 

and 150 n'~ol·L_。．respectively)． rI11is result 
together with the blockade of lib bY picmtoxin 

(Fig lab)suggested that the Ivs in SDCN was 

A ∞ B RolaUve J∞ 

，H_．v 

．／ ． ／ 

2． f— I，reh幽  for m 缸 a】盯岫  

豇'CN． A：the a】盯即蛔 血删 byH}锄0 ·LI1 at 

啊虻hB hai,UnS 口晡曩IIj岫 ． B：the f— I，CLarefor m  

嘲 aⅡ呲 ． EQ re 鸵吣 tt∞啊硝 瞳  a  

。【【I哇嘶  p呻咖棚 ． The e越 c*)hI吐a岫 the 
Ⅱ0岫 ed corne1． 

Fadlitatory effect of PB o11 GABA- 

induced a — current PB augmented the 

GABA-induced inward current (，cARA) in 
SIX：N． Bicuctdline，the competitive antagonist 

of GABAA receptors，suppressed the ，GA日̂ in a 

concentration-dependeat inanner( =6)．indi— 
cat／ng that ，cA日̂ in SDCN was mediated by 

activation of GABA^rec印tom． Since PB itse1f 

induced an inward C1一 current (，PR) at 

concentrations higher than 100“II帕1．L (Fig 

1)，the ratio of，GABA enhancement by PB was 
calculated a 嘤 to the following fomnda： 

ratio=，(cABA+PB)／(，cABA+ B)． The，GABA 
induced by GABA 3 uII]_0l·L一 was t~ted to 

avoid desensitization (Fig 3A)． The jcAB̂ 

enhancement was detectable at PB 10 岫 0l-L一 

and reachedthe nlK~muillat 300t~mol·L一 ． At 

higher concentrations，this effect was attenuated． 
1eading t0 a bel1．shaped concentration．response 

UIlYVe(ng 3B)． 

G^日^ 

A孑’ 

B 

1o 1∞  '∞ O 

IZ~rrtobarbltal~m：l|um ／imm1． ' 

3． 棚 蛔 衄 y effect of碍 ∞ GABA．im'hm*d a — 

a哪删 ． A：the aⅡ眦 r 啷 ilm'h~od by GABA． 

碍 -mad GABA + 碍 ． B：the ~ reSlmme 

0fPB f~a'mafim  0fa 一∞ 嘣 I~dumdbyGABA3 

n ·L。 ． 

The concentration-response CllI-V~S of leASA 

with or without PB 30 gmol·L showed a 

parallel shift to the left without cllar塘∞ in，胁 

(Fig 4B)． The ECho(95％ confidence limits) 

values decreased from 6．9 (5．4—8．4)p．mol 
·L～ to 3．5 (2．9—4．1)gmol·L (P < 

0．01)，whereas the Hi11 coefficient wa．s not 
~ected (1．05inthe presence ofPB and 1．03in 

the abserIce ofPB)． The result suggests thatthe 

粤 vd署 J饥 

肛腊 一九 0 

∞ ∞ 。 ∞ ∞ m m 。 l} m 
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enhancement was mediated by an increase in 

apparent affinity of GABAA receptors for GABA． 

In addition，the magnitude of potentiation showed 

1-1o voltage dependence either． 

A 
一 ．鼯 一  

c==⋯ ■■t _ ■■t_  

B 

一 、，／ ] 厂 

n1 1 1O 1oo 1∞ O 

expression of GABAA receptor subtypes in the 

spinal cord including the SDCN region r11． 
． A 

recent study of murine ， ，and subunits 

GAB AA expressed in Xenopus ooz es 

demonstrated that PB an d GABA might act at 

distinct ligand binding sites and／or utilize distinct 

transduction processes subsequent to ligand 

bindingto openthe C1一channel ． According 

t0 Cestari et a／． the binding site of PB o1-1 

GAB A
．a receptor is oi1口subunits especially胆 

and 133 subunits． In homomeric receptors PB 
； indueed current i12 a dose．dependent瑚蛐 er． 

Thus．the ilYdllllnOhistochemical identification of 

the口2 and∞ subunits ofthe GABA r̂eceptor in 

themammalian spinal cord together with the 

present data support the hypothesis that a unique 

binding site may be responsible for the agonistic 

effects of PB． 

隐 4． 脚  髓 硼 the棚删 豫 嗍  GABA 

． A：the a】町呻 ~dueedby髓 。GABA mid b0lh 

髓 mid GABA． B：the 0明 霸吐r划 r毪 0峨 alm s 0f 

GABA the弭鹤瞰 orinthe曲 咖  髓 30llm0I 

·L一‘． The 璀出，{Bk f 】 indleat~ the n Ⅱ■陆吼  

瞅 d． 

D塔 CU! aDN 

PB is well known as one of the general 

an esthetics． PB can augment the GABA． 

induced currents and induce the C1一current in a 

variety of preparationsL ． However． at 

higher concentrations PB itself also suppressed 

the C1一 channels J． In sDCN．PB induced an 

inward C1一current as wel1．and this effect was 

concentration-dependent． 11le tail (bump) 
current atwash out seem8t0 beinterpreted asthe 

activation of undesensifized receptors by the 

agonist released from the blocked chromels as 

discussed with pentobarbital—gated  C1一 currents 

infrog dorsal root gangli0n ceils ． 
A 1a】 body of evidence has shown  a de 

Using receptors expressedfrom mouse brain 

mRNA in Xenopus oocytes，Lin et a／L14 found 

that enhancement of GABA,t receptor-gated CI— 

channel response was a common action of 

structurally diverse anesthetics， suggesting that 

GABAA receptors play an important role in 

anesthesia． In the present study， the PB 

significantly po tentiated GAB AA receptor- 

mediated eui~nt． nle mechanism of potentia． 

tion at the macroscopic current level was an 

increase in apparent affinity of GABA  ̂

receptorsfor GABA． without change in the 

efficacy or number of available receptor(，眦)or 
voltage dependence(，一 V relationsMp)． It 

was quantitatively similar to that reported in 蛔  

dorsal root gangli0n lleU／Dns． underlying 
mechanism of enhancementwasreportedtobe the 

irl(1r I8e in nlean open time and burst duration of 

~insle GABÂ receptor channels，wi山 unaltered 
si~,le channel conductanceL15J． However． 

whetherthe same principleis印plicableto SDCN 
remaJllS to be studied ． 

In Conclusion，we had demonstratedthatPB 

had dual effects on SDCN：direct inductioi1 of a 

Cr current tblDllgI】a unique binding site and 
potentiation of GABA^receptor-C1一 ehannel by 

incleasing the apparent affinity of GAB A for 

GAB AA receptors． These results suggested that 

theanesthetic—induced ch,~ges atthelevelof the 

spinal cord could contribute si印伍caI v to the 

generalanesthesia． 

Iu罟 ：o ô I甚一旦 
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7’7一；；1 
戊巴比妥对大鼠体外骶髓后联合核神经元 

的双重作用 R 7／- 

巡 ，壁型 ，胡国渊 ，李继硕 (第四军医大学 
解剖教研室．粱缚琚脑研究中心．西安7101132，中国； 

中国科学院上海药物研究所 ，上海 2(10031，中国) 

关键词 

脊髓 ：
垡里丝 ；—GA—BA~壁 ；神经 ； 

目的：研究戊 巴比妥(PB)对急性分离的大鼠骶髓 

后联合核神经元(sDcN)的作用 ．方法：采用制霉 

菌素穿孔膜片箝技术．结果：(1)在箝制电位为 
一 40 mV时．PB以浓 度依赖方式诱发 内向电流． 

(2)印防 己毒素可逆 地阻断 PH诱发 的电流，其 

E 为 416(385—477) ·L～，Hill系数 为 

1．08． (3)PH诱发电流的逆转 电位接近于 cl一平 

衡电位 ． (4)PB增大 GABA诱发的 cI。内流． 在 

PH 30 I·L 时．GABA反应 的 Ec50由 6．9(5．4 
— 8．4)gmol·L 降至 3．5(2．9—4．1) ·L～． 

结论：PB对 SI)CN的双重作用可能和全麻状态下 

脊髓水平的麻醉效应有关 ． 
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