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AIM ： To determine wIle出er cannabinoids suppress 

noxious stimulus．evoked Fos protein．1ike ilranlliloreac． 

nvhy(FLI)through direct actions at the spinal leve1． 

ME舶}加lDS： Rats were implanted with intrathecal 

(ith)catheters atleast one week priorto evaluationin 

theformalin test． Effects ofthe cannabinoid agonist． 

CP55，940(8o gith)Oilformalin pajn and FLIin rat 

spinal cord were compared wi血 that ofthe pmtotypic 

narcotic analgesic，morphine(20 g i血J． CP55，940 

suppressed pain behavior and FLI induced by inwa． 

plantar formalin． e cmmabinoid suplxessed Fos i11 

the neck region of the dotsal horn and in the ventral 

horn．but notin the nucleus propllOS． e efficacy of 

the carmabinoidin suppressingFU in theselaminaeand 

oaiⅡbehavior was comparableto morphine administered 

via the same删 掂． However． only 埘0n e sup- 

pressed FLI in the superficial dorsal horn relative to 

vehicle treatment． C0NCLUsl0N： Cannabinoids 

suppress Ilociceptive processing, Lri part， ttuougn 

actions at the spinal leve1． However． morphine 

show ed greater potencyand efficacy than CP55，940 in 

suppressing formalin-induced FU foUowJng spinal 

administration． 
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Cannabinoids modulate the activity of nociceptive 

Ilellro／ls in the spinothalamic tract[1— J and produce 

anfinocicepfioil~ · 一 
． Our previous work demon sfiat． 

ed that systemically administered cannabinoids suppress 

~-fos，a IT~ er for neuronal activity induced by 

noxious sfitilul~ion， in 吐le s口inal dotsal horn L4一． 

However， it _岱 unclear whea t this suppression is 

mediated by direct or indirect actions in the spinal 

dorsal horn ． 

Carmabinoids suppress nocicepfive processing，in 

part， through actions at the spinal leve1． This 

hypothesis is silppor'tP~ by the presence of cannabinoid 

receptors in the spin~ dorsal h0ⅡlLl 
．

Spinal'canna- 

binoid receptors are localized，in part，presyrmpfically 

oil central terminals of ilcciceptive primary afferents． 

CarmabinoidCBl receptors are synthesized in dotsal root 

ganglion cells that express appropriate neuropeptide 

phenotypes “ ． Unilateral dorsal rhizotomy depletes 

carmabinoid receptor binding sites in the superficial 

dotsal homL 
． Moreover．depletion of sensory C 

fibers following neonatal capsalcin treatment oduce~ 

modest butreliable suppressions of cannabinoid binding 

levels in the superficial dotsal horn relative to mll 

opioid receptors L ． However． absolute levels of 

carmabinoid receptors in spinal cord greatly exceed 

those of pepfide receptorsl 
． 

Cannabinoid analgesia involves spinal and 

supraspi~ components． Analgesic effects of intra— 

thecally administered cannabinoids cannot be attributed 

to diffusion of drug to supraspinal sites(6．8J
．  

Antinccicepfive and electrophysiological 。 effects of 

cannabinoids are attenuated following spinal u'ails~一 

tion， providing evidence for supraspinal sites of 

c mabinoid analgesia． Moreover．cannabinoids adlifi— 
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nismred intmventricularly( J or directly into brain 

sims produce antinociception ． 

Tbe present study was car6ed out to 出termine 

whe山er cannabinoids suppress noxious stimulus．evoked 

Fos protein expression through direct actions as the 

spinal leve1． e potent synthetic cannabinoid． 

CPs5．94O．was administered intrathecally and evaln— 

amd for antinociceptive effic~y in a model of tonic 

p山 ，the formalin test． Systemic administrafion of 

this age mst ploduces a potent， receptor-mediated 

suppression of noxious heat．evoked activity in wide 

dynamic range neuroils in the spinal dorsal horn ． 

Eff~ts of山e cannabinoid oil win behavior and Fos 

expression were compared with that of the prototypic 

narcotic analgesic，morphine 

Catheter implantation Fom]．four male 

Spmgue Dawley (Charles River，Boston MA)rats 

【350—400 g)were used． Data was quantified from 

40 animals receiving intraplantar formalin． Four rats 

were usedfor control experimentsto examine山e effeets 

of drug or catheter placement oil Fos expression in 山e 

absence of formalin． Chronic indwelling intmthecal 

(ith、catheters were implanted onder pentobarbito1 

anesthesiz at least one week prior to evaluation in the 

formalintest． Catheters(PE10tubing；ClayAdan~， 

Parsippany，NJ)were implanmd thro~Igh an incision in 

山eatlanto-occipitalmembrane协 a depth of8．5 cIT1．so 

that the tips extended {ust rostral to the lumbar 

enlargement． Catheterswere securedtothe skull，and 

the di刚 ends were heat-sealed． Catheters were 

fIusbed with saline(10
,
uL)post-surgery and one day 

prior协 resting auimals exhibiting signs of motor 

iml~mment were discarded． Locations of catheter tim 

were verified post-mortem． 

Dnlgs CP55，940was a gift fmm PfizerCentral 

Research (Groton， CT)． Morphine suffate was 

obtained from Mallincrodt Inc(Pal'is，KY)． Drugs 

were dissolved in a vehicle solution of60 ％ MezO and 

in1eemd over 30 sin a volume of10 uL．followed bv 

l0 uL ofilorfn~l saline协 flushthe catheter． 

Pain behavior Methods were approved by the 

BroWn University Animal Care and Use Committee． 

Experiments were conducted in freely moving rats 80 

血at the behavioral and neurochemi cal indices of 

nociception  coilld be determined co ncurrently in the 

s~qJne subjects． Formalin(4％ paraformaldehyde)． 
administered scinto the plantar surface ofthe hindpaw

． 

was used as 山e fos-inducing stimulus Animals 

receivedan intraplantarinjeefion (150 L)offormalin 

10 mm following CP55，940(80 油；n=14)， 

morphine(2o g ；n=12)or vehicle(n=12)． 

Doses ofCP55，940 and morpt~ were de~mained in a 

pilot study协 suppress pain behaviorinduced by intm— 

plan tar formalin． Rats were po sitioned above a glass 

IllilTor协 facilitate observation oftheformalin-injeemd 

paw Time spent licking and 1DJng the injected paw 
was recorded i11 5-mm intervals for 60 min． as 

described 16 
． smethylof painratingis superior协 

any single measure ． Rats were overdosed with 

pentobafoitol(6O rag -p)and perfused for Fos 

imrnon ocyt~hemistry 2 h po st fbrmalin administration 

h毗mm0cytoch既 cal 

pmee,~ s were described previously ． Rats were 

perfused wi山 ice—cold hepaIinized(1 MU／L)saline 

followed by 4％ paraformaldehyde in sodinlTI 

phosphate buffer 0．1 mol -L_ ． The lumbar 

enl~gementwas dissectedandpost—fixedinthefixative 

for l一2 h． 111e spinal cord was eryopmtected over— 

night by incubation  in 30 ％ $ilero~ in phosphate 

buffered saline (PBS)0．1 mo l·L_。． Alternate 

Wansverse sections (40 tan) were cryost砒一cut and 

coRecmd in PBS 0．1 mo l·LI1(一20℃ )． Sections 

from the~tlree experimenta／conditions were processed 

simultaneously for Fos immunocytochemi stry． See． 

tions were washerl in PBS．and incubated (40 h at 

0℃ ) in rabbit polyclonal Fos protein antibody 

tOncogene Science，Uniondale，NY)at a coilceiltla— 

tion of1：100． FU was vis岫J砌 bythe avidin-biotin 

peroxidase method (ABC veetastain， Vector 

Laboratories， Burlingame， CA ， using djamino— 

benzidine(0．5 ％) and O2(0．1％ ) as the 

chromogens． Sections were mo unted，air-dried，and 

coverslippod． Specifidty of mamunostaining was 

verified by preabsorptinn oftheanti—Fosantibodywith 

peplideandgen【l：10)． Control e~ nts eyoaiTiln 

ed effects of catheter placemem and CP55．94O 

administration oil FU inthe absence offormalin． 

Data analysis Cells expressing FU were 

counted on photomicrographs(100x~ ficafiun)by 
an investigator blind 协 the experimental co ndition． 

Three sections as the 1．5 levet，qualitatively exhibiting 
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the gw~test number oflabeled cells．were quantifiedfor 

each rat． All cells were coun~：i as labeled regardless 

of 1abel intensity． The total nlll~ of labeled cells 

Wills eoun~d in specific subdivisions of the spinal gray 

matter ipsilateral to the -miected paw． Boundaries 

betweenlaminae weIe marked on photomicrographs．as 

described previously ． The subdivisions employed 

wefethe superlMal l~inae(1aminae I and 1I)，tI1e 

nucleus[~otgius(1aminaeⅢ and IV)，tbe neck region 

of the dorsal horn (1ammae V and Ⅵ)，and the 

ventral hom (1aminaeⅦ，Ⅷ，Ⅸ and X)． Data 

【j± )were 0nalyzed byANOVA followed byTukey 

D0st h0c tests． P <0．05 was considered signific~ t． 

Pai rela伽 behavior Pare behavior in con- 

虹D1 rats懿Ilibjled a characteristic blphasic pattern． rnle 

first phase peaked at 5 mill foUowed by a sustained 

phase that peaked approximately 40 rain after · 

plant~ formalin． Drug adⅡ n On altered thetime 

eollrs~offormalin．induced曲 (P<0．O5)． 

Both a)55．940 Ⅲ1d mo~hine suppressed 

fbrn1止I卜indI】oed pain behavior(Fig 1)． During the 

early phase． CP55．940 was tlaOr~ e伍cacious than 

morphine in a~nuattre pain behavior(P <0．05) 

Dming the late phase，the Ⅻ在n。ci泖 Ⅱve efficacy of 

the canrmbinoid in general did not difief fl~rn that of 

morphine(P>0．05)． Hc~ever，CP55，94O w勰 less 

efficacious mⅫ morphine in suppressing paiIl behavior 

during the peak of the late phase， eg 40 min post— 

formalin (P <0．05)． Post．mortem evalmtiom of 

catheter placement eonfirm~ that the tips were 

positionediust rostraltothe1url~ar erdarge~ent 

General featttres 0f Fos il皿mun0 xIctive 

cells Neurons expressing FU observed 

ips~teral to the f~malin·inj∞Ied paw． rn highest 

densities of labeled cells wefe ob~erved in the 

su删 a1 dorsal tram；ap~ ximately 50％ 。f a1l 

nemuT1s e]中ressing FL【we e o呲 eIIn砷 in laminae工 

and II atthe1．5leve1．Tbelowestdensities oflabeled 

cells(al~mximately 10％ )were obsereed in the 

nucleus pro~rius． Interme~ate densities of B0s 

cells wefe observed irI the neck region 

of the dorsal b0m Ⅲ1d in the ventral b0m， where 

approximately 25％ and15％ ofalllabeled。el1swere 

l~：alized，respectively． 

Fig1．T ∞I珊 of耐 n be妇 fou．咖 ilI恤 _ 

p】all嘧 fo~ lin in m a由nilIjs幢峙d i棚 nm 时 

m  ．1he 衄衄柚bin郴 algonist aP5s，940，or 

m~'lflfine． n=12—14瑚船 per ． Ie锄 s嘲 - 

ard deviations， ~mitted dari ， were 72．6 

f口Ilge：34．1—141．1)。l伽，2 c ：86．1一瑚 ．4】， 

锄d121．4{82．3—142．．8)s for I recei衄  

vel~ele， 瑚脚 l-ille， and 121Peo~，940， 韧 d Iy． 

>0．05． <0．05 嘴 vel~ele． <0．05 胁  

or ，940，by-~qOVA and啪 pogt h0c 
test． 

E雠ec船 0f CP55。940吼d morphine S劬 a1 

con~ression was observed in Ia信 impl~ d will1 

catheters nle affected regiOll was located rostral to 

the $pillal segments exhibiting FU ． Tbe presence of 

the瑚曲船 failedtolmdllce Fos(n=2)． Similarly， 

CP55，940(n=2)failed to induce FU in the absence 

ofincapl~ltarformal~． 

CP55，940 and rn0rpmne suppressed formalin· 

indnced Fos pmteln expressioninthe neck region ofthe 

dorsal horn (P<0．05) ld in the ventral horn (P< 

O．05)。but not in the nucleus pmpfius(Fig 2，3)． 

Effects of the cannaNnoid Ⅲ1d the Iml opioid agomst 

did not differ in these spinal co【d regio~ ． In the 

superficial laminae． only morphine suppressed FU 

relative to velticle treatment． Tbe nlll~ of R 

illlmun~ ve cells observed in the superficial laminae 

following CP55．94O did not differ from that following 

trealmentwi山eithermorNtine or veb．icle(P>0 O5)． 

A potent synthetic eannabinoid，CP55，94O，a血I1i- 

*『Jo一毒  譬_三4 
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Spinal cord laminae 

rig 2． F(mnalin-induc~l FU in rat spiml cord 
fD硼mdng inWat~aml 由 nis缸咖 I of vehide． 

。940-and mH蜥 ． n=12 —14 rats p目 
group． ±s． >O．05。 <O．05 懈 vehide． 

niStel~ intrathecally．guppr~gsed pain—related behavior 

and noxious stimulus evoked c．Fos protein expt~ on in 

rat spinal c0rd． These findings are comi~ nt wi山 

behavioral[ t - ， ，l 
．  

electrophysiological~ 
． and 

anatomical[10,12，n·l studies that suggest a spin~ 

oomponent in cannabinoid analgesia． 

Both CP55．9∞ and morphine suppressed forma- 

lin-inthxx~d pain behavior． CP55．94o show~ greater 

efficacy than morphine in suppressing pain du血 g the 

e ly phase．butlowereffic~'yduring the peak of the 

late phase． These findings suggest that sustained 

antinociceptive efficacy contributes to suppression of 

H』 inthe superficial dorsal horn fonowing morphine 

耵 suppression of noxious stimulus-evoked Fos 

protein expression induced by CP55，94O is likely 

mediated by actions at cannabinoid n ors． 

Suppression of H』 after systemic administration of 

cannabinoids is enanfioselective and attenuated in rats 

rendered tolerant to cannabinoidsL ． consistent wi山 

receptor-mediated effects． Spinal administration of 

cannabinoids produces receptor-mediated suppressions 

of noxious stimulus-evoked 痂血g rates in spinal wide 

dyllalllic range netBx)os an d pro(klCeS antinociccp- 

tionL ’ 
．
These data suggest that cannabinoid supples— 

sion of n~ciceptive processing involves a spinal 

component． 

1t p01~m of suppression of HJ induced by 

morphine in the present study iS similar to a previous 

report employing intrathecal[ A1 ，NMeFhe4，Gly· 

0l5]enkephalin (DAh Go)[钟]． Lower levels of 

suppression of Fos-like immunoreacdve cells may be 

accounted for by higher concentration of inwaplantar 

formalin employed inthe present study． These dam， 

together with our pm~vious worl6 ，suggest that the 

pl'oecd~ employed in the present study have the 

sensitivity to detect changes in FU induced by 

pharmacological manipulations． 

1tle patmm of expression of HJ is unlikely to 

beeonfonnded by technical factors such as catheter 

placement． The D 鳓 ∞ ofthe c~Ihctcr and admini— 

sWafion of CP55，9∞ ． in the 曲sence of intraplantar 

formalin，failedtoinduc~Fos． 

C 

n g 3． Rept,eseniaflve 眦 哪 i∞ 唱r丑phs show Fos pcotein-~ e~mnmloreacfive co bs in rat spinal cord k 蚰isecdo船  

fonow~ (A1 vehic~{6O％Mes2SOira}，(B)c 。940 c舯 ith)。and(c)mor~ e(2OI‘gith)- 

蚰 ∞ ∞ 箱 ∞ 幅 加 

皇一8 1] 上 E，z 
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Pain behavior in the formalin test is postulated to 

involve a supraspinal component． Intrathecally adlnini． 

stereA cannabinoids may exhibit greater antineeice0tive 

efficacy in nle ures of Dain 靶札sitivity that are 

~pendent upon spinallyme~ated reflexes(egtail—nick 

test)comparedwiththeformalintest．The observation 

of synergistic analgesic effects following coadministra- 

tion of car~abinoids and morphineL J also suggests that 

coadministration of the cannabir~id and rllu opioid 

agorfistwouldl~xluce greater suppressions ofFLIthan 

either agorfist alone． 
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