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NM DA receptors mediating Fos expression in rat spinal cord 

induced by subcutaneous injection offormalin 
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tors；pain；pmto-oncogene proteins c-los；spinal 
cord；formaldehyde；immunohistochemistry 

AB ：To examine the effec~ of N．methy1．D． 

asDartate ( m D^)and non．NMDA reaepters on 

noxious stimulation．induced Fos expression in the 

rat spihal cord． M暇T1l0DS：Formalin(2％ ) 

wasinjected scinto one hindpaw ofthe rat．Fos 
expression was exhibited by immunocytochemical 

technique． Rl SUI腮 ： Two hours after sc 

formalin，Fos．1ike (FLI)neurons 
were distributed mainly in medial part of the 

lamina I and the outer lmnina Ⅱ of the 
ipsihteral dorsal horn． d／一2．Amino．5．phos． 

phonovalemte(APV)adm5nlstered intrathecally 

(10 ，0．01，0．1，or 1 g·L )before injec． 
tion of fort~lalin into a hin~aw reduced the 
number of Fu  neurons dose．dependently in the 

dorsal horn (P <0．01)，while 6，7．dinltro． 

quinoxaline-2，3(1日，4日)-dione(DNQX)(1 · 
L )was ineffective． 0DN(1 JSl0lN：NMDA 
receptor mediated no~dous stimulation．induced 

Fos expression in the rat spinal cord ． 

Glutamate was a Inaj0r excitatory neuro- 
transmitter in nocicepfive primary afferent 

pathways． 3his amino acid was present in 

aff erent n㈣ sLlj and when applied exogenously 

couldexcite cellsinthe spinal cord via action on 

utamate receptor,3*-metabotropic receptors and 

ionotropic receptors including N-me thyl-D． 

aspartate (NMDA)and non—NMDA types[． ． 

Recently，particular attention wasfocused onthe 

role of ionotmpic receptors in nociception since 

several lines of physiologic evidence indicated the 

differential aff ects of NMDA and non．NMDA 
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receptors an tagonis
⋯

ts on
]

cut~nCOllS muscular or 

i0jnt’s nocicel~tion ’一 ． 

Fos asthe protein product ofc．1os，a pinto- 
oncogene， was widely used as a marker of 

fmmtional activity of nellnms．especially in the 

studv of the response of the spihal dorsal horn 

neurons to noxious stimulation J． Peripheral 

noxious stimldation．evoked Fos exp ression was 

localized predominantly in the supefficial laminae 

of the spinal dorsa] ho玎1【9一 ． where t}Ie 
primary aff erent terminals containing glutamate 

were distributed denselyL 13J． 111e exogenous 

administration of glutamate receptor agonists 

readily indueed the exp ression of spinal neuronal 

Fos／n v／vo ． It was suggested that glutamate 

an d iIs receptor might be involved in nocicoptlve 

input-induced Fos expressioninthe spinal dorsal 

horn ． 

The present studywas to exanllnetheaff ects 

of an NMDA an tagonist． d／．2一amino．5．phos— 

phonovalemte(APV)．and a non．NMDAantago． 
nist，6，7-dinltroqulnoxaline．2，3(1日，4日)．dione 
(DNQX)，on the Fos expression of spinal 
neul'ons to cutaneous fomlalin stimulation． 

M ATERIAIS AND MEI1loDS 

Experime n
．

ts were performed on Sm S~ - 

Dawleymts(0，n=24，230—280 g，Grade 
U ， Certificate № 005． Shanghai Animal 

Center，Chir Academy of Sciences)． A soft 

catheter(PE-10)wasintrodueed intothe cistema 
magna 3 d beforethe experiment． The dD 0fthe 

catheterwas advanced 8—8．5 cm caudallytothe 

lumbar enlargement． Rats with signs of 

neurological deficits following catheter 

implantation were discarded． 

The experiments were dirided into three 

groups． Under etheranesthesia．Gmep 1( = 

4)as control：an intrathecal (ith)injection of 
tk~ine(10 L)15 min before the sc iniem n of 

tk~ine(50 L)into one hindpaw． Group 2：ith 

injectionof0．9％ saline(10gL， =5)prior 
to sc 2％ fonnalin(50 gL)into the hin~ w． 
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Group 3：ith10 'V(O．01 g·L_。，n=5； 

O．1 g·L_。，n=5；1 g·L_。，n=5)and 

DNQX(1 g’L～，n=5)，respeefivdy，priorto 
sc 2％ fo12Ilia (50 乩 )into the hindpaw． 
Two hours after scfonm lin．the ratswere deeply 

anesthetized with sodium ~ntobarbital(60 nag· 

k～，ip)and peffused intraeardially with 10o 
mL phosphate．buffered saline(PBS，O．01 mol· 

L～ ．pH 7．4) f0Howed by 4o0 mL 4％ 

parafonmldehyde in 0．1 mol·L一 ohosDl】afe 

buffer pH． The ]~ l-al segrnen~ of the 

spinal coIdwere postflxedinthe saⅡlefixativefor 

4 h． eryoproteeted by immersing in 30％ 

sIlcr0se ovemight at 4 ．and frozen．seetioned 

al 30 p．m． 

Sections were ineubated in the rabbit and． 

Fos antiserum (Oneogene Science Inc，1：1(100) 
dilutedinPBS containing 3％ normal goat serllln 

and 0．25 ％ Tfiton．10o at 4 ℃ for 48 h，in 

biotiny ed goat anti．rabbit 1 (Veetoe，1： 
2o0)at 37 ℃ for 2 h，and in avidin-biotin— 

pemxid~e colrlplex(Vector．1：100)at 37℃ 
for1 h sul~equently． Fos-fike im unoreaefivity 

WIt8 visua】jzed by catalysis of 3，3一diaminobemi． 

dine(DAB)by horseradish pemxid．~e in the 
presence of 0．01％ H202 reaction． 

Five secdon8 randomly taken from the Ld 

and k 00Id segmen~ of each rat were examined 

tIl t-削 d microscopy． To quantify the 

anatomical(Fos expressi0n)resul~，the spjrla1 
coId wa8 divided into 4 堰10ns： (1) the 

superficiallaminae(1a【【Iinae I andⅡ)，(2) 
the nuclell8 propfi118(1alnirl~e Ill and IV)，(3) 
the neck of the do hom (1aminae V and 

Ⅵ)，and(4)the ventral horn (1a【【IinaeⅦ，Ⅷ 
andⅨ )and the re,on around central ca 
(1ami瑚 X)． The number of eeHs per see~on 
was averaged． The data were analyzed with 

AN0VA and Ne、 man—Ke1lls—test． 

S~cifieity controls for all anfisem ineluded 

the substitution of normal rabbit sem for the 

primary and㈣ and omission of the primary 

anti,era，all of whieh did not show any si目m of 

reacn0n． 

REs【】I腮  

There were no Fos-~ke in~nunoreaetive 

(FLI)n叫嗍 in con~l group． In group 2． 
nllIl~rou8 FLI rIeur0ns were S~-ol'l in the ipsilateral 

side ofthe spinal cord，while fewer FLI n㈣ s 

were de~cted in the contralateral side fo~owing 

sc formalin into one hind~w． FLI nd1Hms 

ex~nded mstmeaudally from L】to S】segment 

with a peak at L4—5． TheⅡlaio ty of FLI 

hellion8 wa8 dismbuted in the medial potions of 

lamina I and the ou眦 la|证naⅡ． Modem~ 
number ofⅢ nelu'ons was found in laminae 

and V (Fig lb)． A few FLI mⅢons were 

present in the inner lamina Ⅱ and in laminae 
Ⅲ，Ⅵ，and x，fewer in laminaeⅦ andⅧ， 

and none inlaminaⅨ (Fig 1)． 
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m ·№  缸theip面栅 l 0f 删  r 

sc I。l 叩 f0啪 陆 a dp雹 ． 

Pretreatment witIl an NNDA antagonist APV 

produced dose-dependent decreases of fonmlin- 

induced expression of Fos in all laminae except 

f0rthe ventral hom andthelamina X (Fig 2)． 
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With a larger dose of虹，v(10 )，the 
I1lean reduction jn number of FIJ IletLtOnB per 

8G~tJon w88 42．3 ％ jn the superficial lamime． 

2O．O ％ jnthe r~ueleus proprius．and 63．1％ jn 

the neck of the dorsal horn as compared with 

those in group 2． I11e depression w舾 staff． 

stically signi~cant(P<0．01 in the supe jcial 
laminae and neck： P < 0．05 in the nucleus 

proprius)in 3 regions． However，alow dose of 
(0．1 )failed to produce significant 

changes of the amount or distribution of砌  

n~lll'On$88 com0alDd with group 2． There w88 

no significant reduction of FIJ netlionB in all 

spina1]a／IlJ~ after treatment with a non-NMDA 

antagonist，DNQX，when comr~ l tll group 2 
(P>0．05，Fig 3)． 

 ̈ 帷 ，̂ 、 _Ⅵ 、̂ X 

啦 3． 脚 缸 0f 蜊 Qx m m幽 h Fos 
矗 商 ∞ 虹 mt印 a吁d— There 聊 no m口Ⅱ吐 

reduc~ m 0f m皿 0f 唧 H脚 rater 山哺■ 

DNQX劬岫 伽皿 口日 神 融吐De 如e咖 d栩姆( =5， 
±$，P>0．惦)． 

D lcUSS10N 

n fommlin-induced distribufion Oattem of 

FIJ nelll'OilB in the spinal dorsal horn in the 

present 【Ildv was consistent with previous 

findingsL ，“J． n fact that intrathc~dly 

administered significantly reduced formalin- 

induced number of FIJ iletux)nB in the dorsal hom 

demonstrated a contribution of NMDA roceptors to 

the activation of Fos in this region． It would 

mean that the activation of second-order 

nociceptive neⅡn幡 in the dorsal horn resulted 

from rdease of glutamates from nocieeptive 

primary affemn~． which seen18 to provide a 

stroilg support for gIutamate as an ml[~rtant 
signaling mole~ule in the spinal transmission of 

nociceptive message． 

Our previous evidence indicated that 

micmelectrophoretic administration of the NMDA 

antagonist preferentially reduced cutanool~． 

nociceptive responses． whereas the lion-NMDA 

antagonist DNQX markedly reduced mtlsCU]ar 
nociceptive responses̈ ,sj

． 
It js suggested that 

NMDA and I o NMDA receptors preferentially 

mediate tl'atLqmJssiOll of nocicepfive information 

na石ng in skin and muscle 0r ioint J， 

respectively． nle distribution pattem of 砌  

ileUlx)ns following the subcutaneous injoction of 
fom'zlin into the plantar areaof a hindlmw inthe 

present study was topographically consistent with 

that following noxious thermal sdmulatlon applied 

to the pl~tar surface of a hindpawL J． and 

overlapped with the termination sites of mary 

affemn~ originating from the plantar skin within 

the dorsal homL ． n Dresem results~owed 
that APV produced dose．dependent decrease of 

formalln-evoked Fos expression jn the dorsal 

horn，while DNQX wa8 it ctive，indicating 
that NMDA receptor misht mediate cutaneous 

noxious sfimul1．evoked Fos expression in the rat 

8Djl1al dorsal hom ． Our finding provided stnlng 

anatomical support for physiological results 

above． 
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NMDA受体介导皮下注射福尔马林诱发的 

大鼠脊髓 F悄 蛋白的表 

陶元祥 ，赵志奇 
币雷雨 I '研究所，上海21)0031，中国) 

关键词 Ⅳ-甲基-D一 查氢墼曼签；坦 k 
原癌基因蛋白 c-fo,；脊髓 ；甲醛 ；免疫组织化学 

目的：研究 NNDA和非 NNI)A受 体在疼痛刺激诱 

发脊髓 F0B表达中的作用 ． 方法：大鼠单侧 后足 

跖部皮下注射 2％福尔马林 ，免疫组化显示 Fl嗍的 

表达． 结果 ：注射福尔马林 2 h后，Fl嗍 阳性神经 

元集中分布在同侧脊髓背角 I层的内倒和 Ⅱ层的 

浅部 ． 脊髓鞘内给予 NNI)A受体拮抗剂 r(1O 

IlL，0．Ol，0．1，1 g·LI1)剂量依赖性引起福尔马林 

诱发的背角 F 阳性细胞数量减少(P<0．O1)；非 

NNI)A受体拮抗剂 DNQX对 Fl嗍表达无 明显影响． 

结论：NNI)A受体介导福尔马林致痛诱导的脊髓 

F嗍表达 ． 
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EHbcts of alⅧ咀．岫瑚吡 pO 哪 sulfate佃 le~nmg，memo眄 ， 

and d10蚯哪eI1苫ic目，s in nIioel 

WUYing-Hong，ZHOU Zlmng-Ni ，XIONGYu-]-an，WAI~IGY锄-Li，SIN Jj蚰-Hui ( D， 
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Ⅺ 弭 W ORDS al~,_inmn；almn 唧 lIlds； 

AF64A； ~dridines； mu c0【 l0lmd8； 

meI∞Iy； avoi&mee learning； a( 叫_d1ohe； 
el'reline eeetyltmmfer~e 

删 ： To the reLafion~ p be 

al~,_inmn po~ imna sulfate(A】Ps)arld mer ry 
deficits ofmice． METHODS：30，60，Or 90 d 

afterthemicew∞e given dmly A】Psig，the step- 

出砌l latency(STL)was dI el瑚ined a 
l~ Sive a~idanee task． muminum (m ) 

‘ Selene ∞ 0Iina． 

№ ，9 ． 

2 c0帆 叩∞ ∞ k 时 ZltOU 棚酽Mi 
．
Phn 86-10-6401-4411．叫  

2％ 1- h x睢 IO-64。1·，996． B D咀d聃 @曲l口Ⅱ．_眦ic岫 扯 ．肌 

ved 1997415-04 ∞̂ 】998—婚 15 

COntents in brain and blood weIe a 泊ved with 

atomic ab~rpdon specⅡ哪lb 时 ． Aee~yl- 

ehdkne(ACh)content iII brain was detemfin~ 
wi山 cherrIihn rIe8ce眦 n砣t}10d and ~ollne 

矧vl rase(C )aetivity w舾 mlNtSilt~ 

Iadi0cI1emicaⅡy． R瞰 】I腮 ：APS l g·妇 
increased blood．m only ffter 30 d． After60 d． 

s】[L，AQI content alld C acfly decreased 

by 46．4％，8．5％，alld 22．6％，resl~etive- 
ly． Tlle∞ pa I8 decreased 50％ ， 

l1．1％ ， and 27．8％ ， respectively， with 

inerea~ m iII blood and brain。 after 90 d． 

APS O．25 g·kg_。had no effects on mice pt 
blood．m ． In ethyleholine mustard ~irldltun 

ehlofide(A H A)~eated mice，A】Ps l g· 
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