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NM DA and non-NM DA receptors m ediating nociceptive and 

nOR—nociceptive transmission in spinal eord of cat 

SONG Xue— Jun．ZI-iAO Zhi—Qi 

(S^̈  âi Bra； Reaearch In8titute，Chine*e A cadem~ Sciences，8hanĝ ai 200031，China) 

ABSTRACT The eftects of excitatory 帅 ice 8cid 

(EA A) receptor agonists and blockers on the nocicep— 

tire and non-nociceptive transm讧sicn in cat spin al dot— 

s8l horn neurons were studied． About 8O％ of neu— 

rons were facilitated by jontophoretic injection of EAA 

receptor aaonists(1O一 1OO nA)+such as N—mettIyl—D 

aspartate(NMDA)，qubqu~tc acid(QA)，kalnic acid 

(KA )，and DL—homocystete 8cjd (DLH )． The noel- 

ce ptive responses， irregular spontaneous discharges， 

and C afferent induce d—response of dorsaI horn neugon， 

were reduced by the different EA A receptor blockers 

(85一 l5O nA )，such 8s DL一2-amino一5-phosphono— 

valerate (APV)，ketamine，6，7 dinisro—quinoxaHne一2， 

8<iion (DNQx)，and kynurenic acid (Kyn)． Ket一 

&m ine and Kyn had different effects on the long—lasting 

response and the short—lastins response of neurons in - 

duce d by stlm ulation of A afferent fiber ot the ttbidl 

nerve． The long—lasting response in 8／12 neurons was 

reduced by Kyn，but not by ketam ine，and the short— 

lastins response was reduced by neither Kyn nor ket— 

am ine． The DLH —in duced excitations were reduce d by 

DNOX and，to a less extent，by APV． The results 

suggest that both NM DA and non-NM DA rece ptors 

are involved in spinal nociception}the non-nociceptive 

information is in part mediated by non-N M DA rece p- 

tots 

KEY W ORDS nocice ptors f spinal cord‘ amino acid 

rece ptors{ N —methyl—D-aspartate‘ quisqualic acid ； 

kainic acid，DL—homocysteic acid 

In 1960 Curtis et al first reported that 

glutamate (GIu)and aspartate(Asp)excited 

spinal neurons， suggestins that these am ino 

acids might act as excitatory transmitters in 

the central nervous system． In 1980’s several 

lines of e yidence have dem onstrated that exci- 

tatory amino acids(EAA)，Gin and Asp，may 
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be involved jn transm ission of nocice ptive in- 

form ation in the spinal cord口一 through inter— 

acting with EA A receptors． EA A receptors 

include at least two subtypes．N M DA recep— 

tors and non-N M DA receptors ce3． It is gener． 

ally accepted that N M DA receptors contribute 

to the processing of peripheral nociceptive in- 

put in the spinal cord。’ 一 despite som e con- 

flicting reports 一while non-NM DA receptors 

arc related to low threshold afferentiS3, How— 

evet． w hether non—N M DA receptors are in — 

volved in m ediating nociceptive information is 

unclear． T he present work was designed to 

re—exam iRe the jnvolvem ent of N M DA and 

non‘。N M DA receptors in nociceptive and non- 

nocice ptire transm ission． 

M ATER1ALS AND M ETHODS  

Experiments were performed on 42 adults c8t$ 

( ／早，webbing 2．5士。0．5 kg，supplied by Experi- 

m ental Animal Center of Shanghai Brain R~search In- 

stitute， Chinese A cademy of Science s) anesthetized 

with sod lum pentob~bital (40 mg · kg一 ， tp， 

initially)． The spinaI cord waJt transected at L⋯L 

segments· Cats were artificially ventilated 8 ef neu- 

romuscular paralysis with gaUamine tTiethiodide (4 m g 

·k旦 ，fv)and end-tidal CO{levelwas kept at 3．5- 

5．O A slow infusion pump delivered co min uously 

both pentobarbltone(2 mg·kg ·h叫)and galiamine 

(4 mg ·kg-。·h叫 )． Blood pressure and body tern- 

perature were maintained  at physiological level· The 

tibiaI nerve was prepared for electric Itim ulatton The 

firing of single neuron in spinal segments of L_一f wa5 

recorded extracellularly through single mlcropipe tte or 

the~entral barrel(疗Ued with NaCl 4 mol·L-。)of 7- 

barrel m icroptpe ttes The data w ere collected with a 

computer bioelectric si吕nat processing system through 

micro—electrod e amplifier (M EZ一8201)and storage os- 
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ci[1oscope (VC一10)． The drugs (kctamide：the First 

Pharmaceutic Factory of Shanghai}6，7-dinltro—quinox· 

aline一2．3-didn (DNQx){Research BIOchemicals Inc． 

kindly provided by Professor SHEN E }the others from 

Sigma)were administered by 3 methods： 

(1)Iontophoresis． W ithln the outer barrels of 7- 

barrel micropipettes contained 一m ethyl—D aspartate 

(NMDA) 50·qu~quaHc acid (QA) 5t kainic acid 

(KA ) 5。 DL—homocysteic acid (DLH ) 200，DL一2一 

amino一5一phosphonovalerate (APV )50，ketamine 50， 

Kynuren|c acid (Kyn)i 00，or DNQX i mmol·L-J) 

Each ba~ral of the m icropipettes was filled with NaCI 

l00 mmel·L一‘for current balante， 

(2)Intravenous injection (iv)． Ketamlne 5 and 

10 mg ·kg～ iv． 

(3)Topical administration on the area of spinal 

cord recorded· A smal 1 chamber was mads with agar 

fortopical ketamine (50 mine|·L～ ， i 0 uj)and Kyn 

(20mine1·L～ ．10)11)． 

The locations of neurons were examined by ejec— 

tion of 2 potamine sky blue or by reading of the 

depth of microplpette tip indicated on the mlcrodriver- 

RESULTS 

Sixty neurons were recorded in lam inae 

I一Ⅵ of the dorsa1 horn． These neurons were 

classified into 3 types lower threshold hen— 

tons(LT， 一 21)responded to A日afferent； 

wide dynamic range neurons (W DR．∞一 34) 

responded to A and C afferents}hish thresh— 

old neurons (HT ，n一 5)responded to A6 and 

C afferents． 

EAA~-induced responses Firing of 48 

(80 )neurons was increased following ion— 

tophoretic application of selective NM DA and 

non-NM DA receptors agonists(1O— 100 nA)。 

ie，NMDA (∞= 6)，QA ( ； 25)，KA (n= 

32)． NM DA一，but not OA—or KA一，induced 

excitations w ere antagonized by iontophoretic 

injection of selective NMDA receptor block— 

ers，APV and ketamine (i0一 lOO nA )，but 

not by the selective non—NM DA receptor 

blocker DNQX． DNQX (10— 100 nA ，n； 4) 

preferentially blocked QA—and KA一，but not 

N M DA一。 induced excitations． The broad 

spectrum EAA receptor blocker Kyn (10一 lO0 

nA)inhibited all the EAA—induced excitations 

(Fis l A—C)． DLH-induced excitations were 

all reduced by APV ，ketamine，DNOX ，and 

K yn． Reduction of DLH—induced excitation 

by DNQX was much powerfu1 than that by 

APV in 4 neurons tested (Fig 2)． 
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FIg 1． EIIec．1。f E从 recep幸or bloeker~ 帕 旦^A 矗’ 

daeed excttattons of spinal dor sIl horn ~ellroiQs— I|r‘nI 

rate of~e'urOIBS in remponse to eiectrophoreflc In|eetion 

of excitatory amIno acids NM D^ (40 nA，A)t OA (‘q 

nA ，B)-and KA (so nA，C)． APV (d0 mA)selee· 

tlvely reduced the excitations of NM DA ．but no．thoee 

Df OA and KA． DNOX (d0 nA)．量lecm州 y red玳 e畦 

the exel抽tton| OA tnd KA，but no#m埘e 。f NM ． 

DA． Kynurenate (Kyn．●O nA J reduced the exclta- 

tlons of  all 3 88onimtm． 

Noc ice ptire response Neurons respond- 

ed to electric stim ulation of tibial C fiber were 

mainly recorded in laminae Ⅳ 一V． As shown 

in Tab 1，in m ost neurons the nociceptive re— 

sponses were reduced about 30-- 60 by iv or 

topica l ketam ine，topical Kyn and lontophoret- 

ic injection of APV， ketamine，DNQX，or 

Kyn (FIS 3)． whHe in solne neurons the 
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Tab l Effects of EAA cece ptors blockers oR the C responses induced by stim uhttlon of liblal nerve and the 

irregular spontaneous activities of Cats spinal dorsal horn n~uron$- ’Numbe r of rietwol~ -Tt Total}II Inhlbl- 

tlon；E I ExcJtatloli N {No effect． 

nociceptive responses were facilitated· 

Lo threshold t~~ponse The A fibar  ex— 

cited—responses exhibited 2 different patterns： 

short—lasting response (a few splken lasting 10 

— 30 ms with a latency of 2— 3 ms)and long· 

lasting response(some dozen of spikes lasting 

500— 1000 ms with a latency of 2— 50 ms)． 

The short-lasting responses in 20 neurons 

t~sted were not reduced by iv ketamine，S or 

10 mg ·kg-。，topical ketamine and Kyn，and 

j0ntophoretic'mjection of APV ，ketamine，or 

Kyn． In contras t·the long-Ins ring responses 

DLH “0 hA) 

APV DN‘̈ 【 

(30。̂ ) (‘O“̂ ) t：。|Î ) (4sn̂ ) 

10 ∞  

Tlme／m 

Fig 2． Reductions of DLH-exeitation by APV and 

DNQX． The DLH-Induced exeitaflons w~ere reduced 

more by toutophogctic eleetion o量DNQX (setg~tive 

non-NMDA receptor blocker)than by APV (selective 

NM DA receptor blocker)- 

of most neurons(8／12)were reduced by 55士 

16％ foRowing topical Kyn， but not ket- 

am inn． 

30 

20 

la 
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Fis 1． Effects of EAA receptor blockers on C re- 

sponme of●spinal dorsal born Relffon excited by 8timu- 

httlon of C afferent fiber of tibia1 nerve ． The C fe_ 

ep ouse8 t reduced by Jontophoceti~ I~leefloa (●口 

hA)，k~ ine，DNQX·of kylurenate (K，n)- 

Spontaneous discharges Spontaneous 

discharges in 64 neurons were recorded in 1am— 

inae I·Ⅵ． The 2 patterrs of spontaneous 

discharges w ere found l the regular activities 

with rhythmic discharges at 20— 50 Hz．and 

the irregular spontaneous ones m ainly in tam · 

inan  I and V with burst of spikes 毗 4— 12 

H z． The irregular discharges t but not the 

regular  discharges， were inhibited by ion— 

tophoretic injection of APV ，ketamine，Kyn 

or DNQX，and iv ketamine 5 or 10 mg·kg一 
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in most neurons(37／52)【Tab 1)． In some 

neurons(6／37)，the irregular discharges were 

almost abolished by the EAA receptor block— 

er． The regular discharges of neurons (n = 

12)tested were not affected by the EAA re— 

ceptor blocker． 

● 

DlSCUSs】0N 

It has been considered that non-N M DA 

and N M DA receptors巾 ediate spinal non—noci— 

ceptive and nociceptive transmission，respec- 

tively( ’ 。 ’”． In previous study． we found 

that non—N M DA receptors are involved in m e． 

diatins transm ission of m uscular nociceptive 

inform ation， while cutaneous noclca ptive in— 

form ation was m ediated by N M DA receptors 

in the spinal cord ”， suggesting involvement 

of hoth non—NM DA and NM DA reca ptors in 

spinal nooica ption． The present findings that 

both non-N M DA and NM DA receptors ago— 

nists or blockers excited or inhibited nocica p— 

tire neurons further support above notion． 

Congistent with our result， (R，S)-a-amino- 

3-hydroxy-5-methylisoxazole-4-propionate 

(AMPA)，a non—NMDA receptor agonist，fa- 

cilitated the nocice ptive response in rat ． 

It m erits our attention that the irregular 

spontaneous discharges of spinal dorsal horn 

neurons in 1aminae I and V w ere reduced by 

non—NM  DA and NM DA receptors blockers． 

The reduction of irregular spontaneous dis- 

charge m ay be related to spinal antinocice p- 

tion． Chang reported that irregular sponta- 

neous discharges in para~asoioularis neurons of 

thalam us were abolished by iv m orphine and 

markedly reduced by procaine in fusion of the 

wound，suggesting that these discharges were 

attributed to the tissue injuries by surgery。 ． 

D L-hemocysteio acid (DLH)is a cornmon 

tool to excite ce ntral neurons in electrOphysi— 

ologica l study． But its potency of affinity to 

subtypes of EAA receptors is still unclear· 

In the present experim ents’the efiects of non一 

N M DA and NM DA rec~·ptors bIockers on 

DLH —induced excitation were com pared· 
． 

Non—N M DA and N M DA receptors blockers 

reduced DLH—induced excitations by 85 and 

46 ，respectively，indicating that DLH main一 · 

ly acts on non—NM DA receptors·at least· in 

the spinal cord． 
】 

In agreement with previous studies that 

the m0n0synaptic excitation of the low thresh- 

old neuron in the spinal cord is rea dily attenu- l 

ated by non—N M DA receptors blockers( 。l】]． 

1ong—las ting response of low threshold neurons 
J 

related to non—nociceptive inform ation was re- 

duce d by the broad spectrum EA A receptors 

blocker kynurenic acid (Kyn)，but not by the 1 

selective NM DA rece ptors blocker ketam ine， 

suggesting that non—N M DA receptor· not 

NM DA rece9tor．m ay be involved in mediat - 

ins the low threshold long-las ting response- 

The neurons recorded in present study were 
■ 

m ainly loca ted in lam inae IV—V where large 

m yelinated afferent fibres are terminated． So ． 

they m ay receive A fibre afferents m onosynap- J 

tically- 

The present studies suggest that bpth 

NM DA and non—N M DA receptors are involved ’ 

in spinal nociception}the non—nociceptive in- 

formation is in part m ediated by non—NM DA 

rece ptors． DLH is a broad spectrum EAA re- 

ceptors agonist， but it m ainly acts on non- 

NM  DA receptors． 

REFERENCES 

1 M flier KE，Clemenu JR-Larlon AAt Beitz AJ- Organ- 

izat~n Olslutamate-l~telmn)unoa~tivftyInthe rat superfl- 

cial domaI born I Illht and micrm copl~ ~ rvttions． 

母 ，卵 蕾 1986 F 2：28—36． 

2 SmuUin DH—Skilling SR ·Larson AA． Interaetinn!be— 

tween substance P-calcRonin sene—related peptlde，tau— 

fine 力̂d excBator~ a ino ĉ“} in the spin■l cofd． 
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非伤害性信息传递 

， 嫩  · 
(中国科学院上海脑研究所，上海 200031，中国) 

摘要 用多管微电极离子电泳技术研究猫脊髓背角神 

经元活动．80 的神经元被兴奋性氮基酸 NMDA、使 

君子氮酸，卡 固酸或 DL一高磺丙氮酸 (DLH)激活． 

NMDA受体拮抗剂APV和氯胺酮．非NMDA受悻拈 

抗剂 DNQX以及广谱拮抗剂 d一羟基哇啉酸(Kyn)均抑 

制神经元的伤害性反应．Kyn抑制非伤害性反应大大 

强于氯胺酮．NMDA和非NMDA受体均参与介导脊 

髓伤害性反应，非伤害性信息主要由非NMDA受悻 

舟导． 

关_调 笾量堡壁量壁-羔舅 氮基酸受悻-Ⅳ一甲基 
D一门冬氮酸}使君子氮酸I卡固酸I D五一高磺丙氮酸 

翱萄酸 删  
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M  idazolam pharmacokinetics and electr0encephal0graphic changes in 

eight Chinese men 

LU 3ian-- Feng'W U M ao-- Fu，CHEN Gang，X IAN G Bing-- Ren ．A N Deng-- Kui 

(Delsavtment Clinical Phaemac~ Jinlin9 Ho~ital，Naajing 210002，China- Depa~'tment 

Pharmaceutical And塘ms’China Pharmaceutical Univev64Jy，Nasjino 210009，China) 

ABSm ACT Eight Chinese healthy male volunteers 

aged 27士 8 4 a were injected iv midazolam (M id) 15 

mg． Bloed samples were collected at 0．2．5，7，10， 

20，30，I5，60，9O，l20．180．and 240min． A HPLC 

m ethod wa| established 量or determ inin g the M id L'on 

oentratto ns in serum - The conoentratton—time data 

was 矗tted with biexponential c~rve． Pharm scokinetle 

parameters were；T 一6．8士 2．5 min ， 毒 1l8士 27 

min ，V 一 25± 7 L， = 393± 79ml·min～ ⋯V 一 59 

士 l3 L，AUC0一 = 39．6士 B．6 g ·min ·L一1． The 

(EEG )showed a decrease in 

activity and art in crease in B activity· The EEG pat— 

tern reverted toward baseline Ltter 2— 3 h． 

Pharmacokinetie and EEG findings suggest that 

M id 扭 a preferable anesthesia inducing agent． 

KEY W ORDS midazolam } pharmaeokinetics} high 

pressure liquid chromatography； electroen— 

cephalography 

Received 1902-10-26 Accepted 1993-07-15 
Midazolam id is used in anesthes r 一 (M ) iaf0 

Pr。 ct Bupp口fIed by thc^rmy Eigbth Five一 ar R删 cb prem editation’ induction of anesthesia’ and 

’Ptosram． 1ntraoperative hypnosis( -”． But there has 
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