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Isolation of rat sacral dorsal commissural nellrons 

xu Tian一 ，PANG 2lhi—Pi ，KANG Jie—Fang，LI Ji—Shuo (Department ofAnatomy，K K Leung 
Brain．Research Ce ．The Fow~hMilitary．Medical University， 一an 710032，China) 

KEY W ORDS spinal cord；receptors；diaze— 

pain； neuroactive steroids； pentobarbital； sub— 

stance P； 1-aminocyclopentane·1，3-dicarboxyl— 

ate；patch-clamp techniques 

删 ： r0 iselate rat sacral dorsal commissural 

neul'olq$(SDCN)． METHODS：Using enzy— 
matic and mechanical dissociation techniques to 

isolate the neurons and using nystafin perforated 

pateh techniqu e to evaluate their functional state． 

RESULTS：The isolated nelxrons exhibited good 

responses to exeitatery and inhibitory amino 

acids． The responses of SDCN to N-methyl-D— 

aspartate were markedly potentiated by sub stance 

P and trcms一1一aminocyelopontane一1，3一dicarb~ 

xylate． whereas GABA respo nses were signifi— 

candy potentiated by diazepam，pregnenolone， 

and po ntobarbita1． CONCLUSION： This 

preparation provides a satisfactory model for 

exploring the nzchmfisrns of the SDCN in 

nociception and antinociception． 

Manmmlian sacral dorsal commissural 

nucleus，which represents the&tea jnst dorsal to 
the central callal in the lower lumbar and sacral 

spinal coId． is involved in nocieeption and 

antinociception． 田1e sacral dorsal commissunfl  

neuIDns(SDCN)receive abundant afferent inputs 
from both the viseeral and somatic organs． The 

convergence of the visceral an d somatic iIlputs 

onto SDCN has been reported botll 

eleetrophysiologicallyL1j and anatomicallyL 
． 

Nitric oxide synthase immunoreacti、fit、f in SDCN 

can be upregulated by peripheral visceral nerve 

iniuryL ． Bv combining substance P receptor 

(SPR) immunohistoehemistry with e．1os．1ike 
protein(FOS)immunohistoehemistry technique， 
we recently foan d that SDCN expressed SPR． 

Furthermore，chemical irritation of the urinary" 

bladderinthe ratmarkedlyincreasesthe number 

0fF0Simmunoreactive neuronsinthe SDCN and 
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the SDCN relay noxious information from the 

urinalT bladder to the lateral parabrachial 

nucleusL ． A number ofputative neurotransmi t— 

ter substances， including excitatory and 

inhibitory amino acids，pe des and monoamino 
acids． present in SDCN ． The SDCN also 

integrateregulatory influencesfrom the brain stem 

descending pathways． The8e characteristics thus 

make the SDCN a good tool to study the cellular 

mechanisms of the actions of numerous 

neurtx~tive sub stances ，川． In 出is ．we 

intende d to fmd a fast and reliable method for 

isolating SDCN 

M ATERIAIS AND ^Ⅱ I．)Ds 

Preparation Th e SDCN were acutely 

dissociated from 1— 3-wk—old Splngue—Dawley 

她． which were anesthetized with 

pontobarbitone—Na，and a Lamincetomy performed 

to expose the lowerlumbaran d sacral spinal cord 

togetherwitll dorsal roots． A segment about 10 
— 15 mm long oflumbosacral(L5一S2)spihal 
coIdwas disseeted outandimmersedinto freezing  

standa~l extemal solution． After removal ofthe 

attached dorsal rootlets and the pia mater on the 

lateral aspects of the spinal coId． the spinal 

segment aff~ed with eyan oacry]ic ue to a 15 

nllllx15 111111 agar block whichinst supported the 
spinal cord bloek． e nerve blocktogetherwith 

the agar was positioned to the bottom of tlle 

cutting  chamber of a vibFatome tissue sheer 

(Dosaka，DTK-1000)with the dotsal surface of 
the spinal cord facing the vibrating blade ． A 

cold standard external solution (about 5℃ ) 
bubbled with 02was consequentlypo uredintothe 

chamber to iInlneiTz~ the tissue block． e 

spinal segment was sectioned to yield several 

h。arlsverse dices 400 ／*m thick containing the 

SDCN region． The slices were preincubated in 

oxygenated  standard external solution for 30 min 

at p0om temperature(22—25 oC)． S1ices were 
treated  emyr~tically in oxygenated standard 

external solution containing  pronase 0．18 g·L一 

at 32 ℃ for 20 min followed by exposure to 

thermolysin 0．18 g·LI1foranother15mi ninthe 
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8ame conditions． After the enzyme treatment． 

t}Ie slices were kept in en~'me—free standard 

external solution for 1 h． A Dorfion of SDCN 

region was micro—punched out with aft 

deetrolytically polished Iniection nee出e and 
transferredinto a culturedishfilledwit}I standard 

extemal solution． Neurol3~ were mechanically 

dissociated wit}I fire—polished Pasteur pipettes 

under a phase—contrast micmscope (Olympus， 

Ⅸ70)and a TV monitor( C)． 
Solutions rhe composition of normal 

standard external solutionwas la l50．KCl 5． 

CaC12 2，MgC12 1，既 PES 10，and出c0se 10 

mmol·L～ ． The pH was adlusted to 7．4 wit}I 

tris-hydroxymethylaminomethane (Tris—base)． 
The patch-pipette solution for nystatin perforated 

patch recording was KC1 150 and HEPES 10 

mmol·L一 ． The pH was adjusted to 7．2 with 
Tri$-ba~e． The nystatin stock solution was 

pmpared by dissolving nystatin inⅡ t}Ianol at 10 

g’L～ ． in general，nystatin 50—80 was 

dissolved in 5— 8 mL methano1． After ultra— 

p~led from glas~ capillaries with all 0uter 

diameter of l 5 nun(Narishige)Oil a two-stage 

puller (Narishige， PB一7)． rhe resistance 
between the recording electrodes filled wit}I 

pipette solution and the reference electrode was 4 

— 6MQ． rhe patch—pipettewas po sitioned on a 

neuron using a hydraulic mJctomanipulator 

(Narishlge，WR一3)． n1e carrent and voltage 
were measured with a patch-clam p amplifier 

(Nihon Kohden，CEZ一2300)，mtered at 1 kHz， 
and monitored on both a storage oscilloscope 

(1watsu Electrania．5100A)and a pen recoMer 

(San—ei，OmniaceⅪ 3108)． Axon Di Da诅 
1200A and pCLAMP 6．0．2 program were usedto 

produce signals，collect and process data． e 

membrane po tenfi~ was held at 一40 mV 

throughout the experiment． Measureme nt was 

started after t}Ie stabilization of the glycine 

response(15—25 rain after cell attachment)． 

Qnisq~ ie acid(QA)，ct-amino-3一 
hvdrⅡv．5一methyl-4-isoxazolepmpionate(A1 )， 

kainic acid (KA)，N-methyl-D—aap~tic acid 
(NMDA)，substance P (SP)，D一2一amino一5一 
phosphonopentanoate (D—AP5 )， diazepam 
(Dia)，pregnanolone (Pie)，nystatin，and 
thermolysin were from Sigma； Prouase from 

Calbiochein， San Diego CA， USA； troxts—1． 

aminocyclopentane一1，3-dicarboxylate (tACPD) 

and 6-~7ano-7一 tIoqI】in0 line-2，3-dione(0 QlX) 
frum  Tocris Neuramin，Bristol，UK； 一glutamic 

acid (Glu) from Research Biochemieals 
Intcmational， Natick MA， USA． tACPD， 

CNQX，Dia，and Pre were dissolved in Me,SO 
and then diluted in extenml solutions． Me2SO 

did not induce any ionic current at the 

concentrations used． Other drugs were dissolved 

in external solutions． Dm were applied by a 

pressure application system called the Y一[1lbe~ ． 

which allows a complete exchange of external 

solution surroun ding a neuronwithin10—20ms． 

Statistkai analysis Experimental results 

were expressed as ± s and comfi t wim t— 

REsIⅡ腮  

Morphology of isolated n1e 

comLnonest neurous foun d in SDCN were medium- 

sized(15—25 tan in diameter)．fusiform cells 
tln oval or triangular soma and 1 to 3 apical 

stem dendrites． Lal~r neurons(>30 m  in 
diameter)were also fomad n1e isohted SDCN 

～一～一一一一～一一～一～一～一一一．一～一一 一～～一～一 
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maintained 1o0—200／xm of the proximal den． 

drites，and the bqpical morphology revealed in the 

intact mammaliatl SDCN by intraeell~ar 

11orseradish peroxidase labelingt 0， 
． The 

isolated neurotls with long dendrites survived for 

15 h afterthe isolation(Fig 1)． 

Excitatory amino acid-induced r毛sp哪!ses 

For recording NMDA．induced respons~．Glu and 

NMDA wel'~ applied to the s[ N immersed in 

M -free external solution containing glycine l 

t~mol·L～ ． All tested neurorls responded not 

only to Glu but al,SO to QA．AMPA．KA．and 

NMDA． At a holding potential ( ) of 
一 4J0 mV，Glu，QA．AMPA，KA，and NMDA 
evoked inward currents(Fig 2A)． The currents 
increased in a sigmoidal fashion with increasing 

agonist concentration． rhe ECho vallies(95％ 

confidencelimits)were Glu 33(25—41)t~mol 
·L_。，NMDA 90(77—103)t~mol·L_ ．QA 

0．64 (0．41～0．87)t~mol·L_。．AMPA 130 

(109—151)tanol·L～，and KA 96(83—109) 
tanol‘L_。． Th e Hi11 coefficients of tl1e 

responses were 0．74， 0_83． 1．3， 1．1， an d 

1．3，respectively． Th e inward currents ieduced 

F 1· Is0I捌 SDCN neum E 14-d-okl eatstaken bypII蹲 c蛐嘲  
．  
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bv GJU，NMDA，QA，and AM队 exhibiteel an 
initial transient Deak followed by a steac~,state， 
while the KA-induced current usuaUv exhibited 

only a steadystate(Fig 2A)． In the presence of 

tACPD 10 t~mol·L (Fig 2Ba)and SP 10 t~mol 

·L (Fig 2Bb)，the peak NMDA responses 
increased by 47％ ±11％ (P<0．01，n=5) 
and 54 ％ ± 14 ％ (P <0．01． n = 5)， 

respectively． tACPD and SP per se evoked 11o 

response at the concentrations used． 

A Gin QA 

＼ 
f 

B ． 

a ●●_●●·_-  

SP 

b E 口 
●—●■■●  

ng2． Kcc~atorym acM-evoked 印 咀l黜 ．岫 疵d 

sl× 珊ll聊 碍 of 1I_t0 l4．d-0ld rats． In 姗 M 

I咖 。 the NMDA re e augmmted b 删  

rdne 1 ‘L～ ． = 一 40 mV． A： mward 

alm b 岫l】∞dby Glu．QA．AM3PA．KA．删 Nm ． 
H0—胞 I咖 b田 血如 te ~htralJon of amino acid 

flkollliqaliM~,． B：The NMDA 【10 。L 】re ㈣  

娜 poterC~led bytACPD 10 。L_。(a) 10 

pm ·L_1【b)． 甲ec岫 ． 

Inhibitory amino acid-induced res咖 s鹤 

In the presence of high intemal C1一(150 mmol 
·L )，GABA．glycine (Gly)，and taurine 
(Tan )evoked inward currents． nle GABA．． 
Gly一．and Tau—induced cttrrents consisted of a 

transient initial peak and a successive steady- 

state comI~nent． 11le currents increused in a 

sigmoidal fashion with increasing agonist 

concentration． Fig 3 shows the inward currents 

induced by GABA． Its ECs0 value(95％ con． 

fidence limits) and Hi11 coefiSeient we 5．2 

(4．4—6．0)gmal·L and 1．2，respectively． 
nle GABA-induced response was potentiated by 

Dia，neuroaetive steroids(pregnenolone，Pre) 

and pentobarbital(Pen) (Fig 3B)． I【1 the 
presence of Dia 0．1 mnol·L_。．Pre 0．1／anol 

· L_。．and Pen 30 umol·L_。．the peak GABA 

responses increased by 71 ％ ± 16 ％ (P < 

O．01， =5)，77％ 士22％ (P<0．01， = 

5)，and 88％ ±22％ (P <0．Ol，n=5)， 
respectively． 

A 。 ． 

■ - - 一 - ‘  

—， 

B GABA Dia Pre 
¨ 蚺 Ohf L 0

．
1 O-．f L 

ng 3． GABA-~voI~  印忸l黜 ． A： mward etmrents 

i酣 l】∞d byGABA at vat-io~ tlmemtratiom． 珏0 

bqIs hadiea~dumlilm ofdrt~ III： ． B：The GABA 

【3 p圳 ·L一 )H哪伽se、硼BwtentlateabyDia0．1 I 。 

L_。． 0．1 。L_。． and Pen 30 ·L_。． 

re~ecavely． 

DlSCUssIoN 

nle responses t0 excitatory and inhibitor), 

amino acids can be regularly observed in rat 

spinal dorsal hoITI neurons studied vivo． in 

slice preparation an d in cultured mouse spinal 

cord neuYons、 r ． However， in in v／vo 

conditions and in shce preparation，it is difificult 

to analyze quantitatively the receptor activation 

because ofthe physical barrierto dmg diffusion， 

anditis difficultt0 obtainreliable concentration- 

response data due to errors in estimating agoniat 

concentrations following uptake of neurotrans． 

mitter agonists such Glu，or contribufions from 

．f ／  

]  === 

r  

]●  

一 
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endogenous high ambient levels of modulators 

such as Gly． The characteristics of I ceDt0rs 

and ion channels expressed in cultured llellrotls 

are susceptible to environmental changes．80 that 

cultured P~lll-Ons may not reflect ~xactty the 

properties under in vivo conditions． 

We have demonstrated here that isolated rat 

SD N neurons pretreated witIl relatively low 

concentration of enzymes are responsively to 

excitatory amino acids(including NMDA)and 
inhibitory amino acids． The NMDA receptor- 

mediated current was e~ anced  by tACPD and 

SP．whichis consistenttotIle previous studies in 

the spinal dorsal horn neuronsLlo 11 J
． Moreover， 

Dia，Pre，and Pen，which are potent alfostefic 

modulators on tIle GABAA receptors ． 

significantly potentiated tIle GABA response． 

11 se results indicate that the receptor-ionophore 

complexes for tIlese agents aIe wel1．preserved in 

iSo1ated SIX：N nellrons ． I1lus． the Ⅱ】etIlod 

pmvides a simp le and cheap ~ingle cell 

preparation for exploring tIle function of the 

ma／Ilm~ all SDCN witIl naturai conditions． 

Several otIler reports using acutely isolated 

spinal cord neurons
r． 、

concentrated oil the 

superficial dorsal hornL ． Compared witIl the 

iSolated superficial dorsal horn neurons， the 

neurons obtained in the present experiment are 

larger and survive longer．yet witIl numbers of 

cellsto sad the n∞ds of atypical patch clamp 

experiment． Thus．tIle isolated SDCN ['letllOns 

are feasible to analyses of intracell~ar 

mechanismsL ’ ． Since a large number of 

putative endogenous ne
⋯

llro ve sul~tance8 are 

present in SDCN regionL ．this preparation could 

be useful for further studies of tIle actions of 

nLlnlerollS substances present in the SDCN and 

the analysis ofthe intracellular secondmessenger- 

mediated processes， thus facilitating the 

exploration of the mechanisms of the sJ)CN in 

nociception and antinocicepfion． 

hl tIle whde cell clanw experiments using 

isolated SDCN netlYon8 with long dendrites，we 

cannot expect complete space cla婶 of these 

cells，especially for lneasul~／nent of such voltage． 

gated fast currents a8 Na 。 K ， and C 

currants． However。the space clamp is much 

improved by decreasing the magnitnde of the 

Na ，K ， or Ca“ currents witIl decreasing 

extracellular Na ，K ，or Ca2 concentrations
． 

It should al∞ be pointed  out that these neuron8 

are acceptable for the voltage．damp studies of 

ligand-gated responses which are relatively small 

and very slow． Ofcou／'s~，we calq easilyiSolate 

tIle intact SDCN nettrons witIl only very short 

dendrites by ~oush pipetting． "thus， this 

preparation is als0 feasthle to voltage—gated ionic 
u nts tIl学00d space c1锄=Ip[ 

．  
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鼠骶卤詹连台核神经元的分离- k f_／ 
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解剖学教研室，粱诛琚脑研究 中心 ，西安 710032，中国) 

关键词 脊髓 ；受体；地西泮；神经活性甾类 

戊巴比妥 ；P物质；1-氨基环戊基．1，3-二羧酸； 

堕 筻苎 看 髓 毒台档 辛1中’毛 

以制霉菌素穿孔膜片箝技术检测其机能状态． 结 

果：分离的神经元对兴奋性和抑制性氨基酸具有 

良好的反应 ． P物质(sP)和反式．氨基环戊基．1，3． 

诼褊 品 薯 怒 反 蓑嚣 
目的 ：急性分离大 鼠骶髓后连台核神 经元． 方 

法：采用酶消化结台机械性分离技术分离神经元， 

著加强． 结论 ；急性分离的大鼠 SDCN神经元为探 

索 SDCN参与痛和镇痛的机制提供了理想模型． 
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Analysis ofmultidrug effects by parametermethod 

zHENG Qin~-Shah2．SUN li．Yuan3 

Institute of Clinbcal Pharmacology，Y~]ishan Hospital，Wanann Medical College，Wdm 241001 
Institute ofMateria Medica，Warman Medical College，Wtthu241001，China) 

KEY WORDS dlⅥg synergism； dIug anta- 

gomsm；combination drLlg tberapy；biometry 

A卫讧： To set up a new analytic method for 

m~dtidrug effects． Ⅳ匝 H0DS：Based on the 

principles of the target site kinetics and the 

equieffectivetest，a new mathematical modelwas 

set as Q：(E —E)／l ·W一如’Tl(一l< 

Q<l addition，Q≤ 一l antagonism，Q≥l 
syne sm)where Eo： a fitted value of the 

observed effect of a comb ination． E ： an 

expected valHe of comb ined effect． W ： an 

equieffective criterion decided by a special field， 

岛 = a COlnlTlOn standard elToY ofEoand ，and 

T ： a value of one．sided tn 05． A儿 the 

ealeulations were completed with computer． 

Dose-effect data from different types of 

experimentswerefitted  bythellew modelandthe 

results were comp~ with 山0se of other 

methods． RESII1．TS：This parameter method 

dealt with different types of data well fitted witIl 

theI-IJ11 equation，and w'a8 notlimited to analyze 

receptor interaction of dn】 ，or the number of 

eomb ined ． A series of D values was 
obtained from all levels of dose-effect for a 

systematic analysis． nle analysis took tIle 
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criterion of a special field and laboratory ell'Or 

into aecotmt， CONCLUSION：Tiffs pmmneter 

method can effectively analyze the nmltidrug 

effects． 

Quantitative analysis ofthe combined effects 
01 mmtlorugs’ sue[3 as synergism， antagomsm ， 

and addition， is not fidly solved ， especially 

quantitative data with more than  2 dn 笛 in 

comb ination，or in large animal experime nt and 

clinical nia1s． To qualitative data． Chou- 

Talalay comb ination index method~ · ． Xu’s 

me thod j and Ji s methodL are widely used on 

basis of different background (mechanism oY 
emp irica1)，butthosemethodsmay yield different 
or even opposite resets， Now， it becomes 

ilnp~rative to solve the problem to decide new 

moltidrug clinical therapeutic design． 

It is generally accepted that dose—effect 

Clll~e of sigmoid or hyperbola shape Call be 

expressed wi山 HiII equation and is eharaeterized 

bv its pharmacodynamic parameters． n 

pmm~ters in different comb ina tions must vary 

with the resdts of the comb ined effect． In this 

paper，wetrytofind a new analyticmethodfrom 

the regnianty oi the pararaeter8 changes． 

ANALYSISOFTHE Pf 伍 M时nIClD 

Formula 

Q=揣  
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