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ABSTRACT

rh~ formalin tt:st in th~ rat is a frequently llsed modd of i.ll.:ut~ tiSSUè inj ury-inJuced pain.

but Jata I.:ollection is time-consllming and labour intensin:. and \'ery wide ranges of

fornlalin concentrations and behavioural indices of pain are llsed in th~ literatllfe. The

present in\'estigation validated a time-sampling method of scoring formalin-induced pain­

specitic beha\'iours. The method improves efticiency hy al 1~;l,r :1 t~lcrl)r ,) f fi \',;:. :md :lbo

provides mensures ofother aspects ofheha\'iour. without th~ loss of statistical power of the

reslllts. l' sing the time-sanlpling method. formalin-induced bdlLl\'iours \\ere examineJ o\'~r

the entir~ range ùfcommonly used fornlalin concentrations (1-10° 1) J. tor a pn)/ùngeJ perinJ

of time ( 16 hours postfonnalin). The best predictors of th~ log llf lornlalin concentration

\\en:: founJ to be the sum of lifting and lil.:king. biting or shaking th~ inj~l.:tèJ pa\\'. and the

weighted tneuns scores. The pain response increased dose-JepenJently up to 2° Il formalin

in the tirst phase und up ta /00 '0 in the second phase ifbehaviollf \\as scoreJ for al least 90

minutes postformalin. Signiticant residual pain occurred only at 10° 0 forma!in, The eftt?ct

of formai in on the behavioural state \vas mast prominent in th~ tirs! hour atier formalin

administration..~\t concentrations up to 2~/O. formalin induced inacti\'ity (Iying and sitting

still). at the expense of grooming and exploration. This effect was reversed at 5 and 100
'0.

where activity increased and agitation occurred. After the second phase terminated. ail

treatment groups sho\ved signiticant ptosis. hunched posture andlor pi loerection. Sleep \\:1S

reduced dose-dependently and became signiticant at 10°'0 formai in. B~haviour in aIl

treatment groups appeared to become normalised within 10 hours postformalin. Rats that

were habituated to the testing environment were more sensiti\'e to formalin than

unhabituated rats in the tirst phase. The onset of the pain response in unhabituated animais

\vas delayed and there was a trend for lower pain scores in the second phase of the test.

\Vhen morphine dose-effect relationships were examined at varying formalin

concentrations. there was a systematic right\vard shift in the morphine dose-effect

relationships up to about 20/0 formalin. at which point. further increases in fonnalin

concentration did not produce any further shi ft. and morphine appeared ta non­

competitively antagonize formalin-induced pain. 8 mg/kg morphine blocked aIl pain.
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RÉsUi\'IÉ

Le tt:st du fornl01 ~st un moddt: dt: douieur üigüt: causée par un dommage aux tissus qui ~st

fréquemment util isé chez l~ rat. mais la collt:cte d~s donnét:s est ardu~ ~t Lln~ large \'ari~té

de concentrations de fornl01 ainsi qu~ d' indices comport~m~ntaux d~ la doult:ur sont util is~s

dans la littérature scientifique. La présente étude il validé unt: méthode non-~ontinlle dt:

mesurer I~s comporh~nl~nts douloureux spécitiques causés rar Il? tt1m101 r;l mérhndè (',r

au moins cinq fois plus d1icace, et pennet également la coll~cte de données sur d'autrt:s

aspects du conlportement. sans llne réduction de pou\'oir statistique. En mil isant la méthode

·time-sampling', les comportements induits par toutes ks ~onc.:entrations de formol

fréquemment utilisées (1-10°/
0 ) ont été examinés durant une période tl?mpordle prolongée

(16 h~ures post injection de formol). La somme des :'il.lldt:\enlents et It:chements,

mordillements ou agitation de la patte injectée, ainsi que la mo:\..'nne de c.:es comportements

prédisaient le nlieux la ~oncentration de formol sous fom1e ll.)garithmique. La Joukur

obsen'ée a augmenté d'une manière dépendante de la concentr~ltiùn de l'annal jusqu'à 2° Il

durant la première phase, et jusqu'à 10°0 durant la seconde phase si It: comportemt:nt était

mesuré au moins jusqu'à 90 minutes après 1"injection de formol. On peut obs~n'er de la

douleur résiduelle lorsqu'une concentration de 10% de formol est injectée. L'effet du

tormol sur l'état comportemental était le plus marqué durant la première heure après

["administration du torrnoi. Les concentrations de formol allant jusqu'à 2% ont causé dt:

l'inactivité (les rats étaient couchés ou assis), au détriment du toilettage et de l'exploration.

Cet effet a été complètement éliminé aux concentrations de 5 et de 1O~/O car à ces

concentrations le niveau d'activité a augmenté et de l'agitation est apparue. ..\ la tin de la

seconde phase, les animaux dans tous les groupes expérimentaux a\"aient le dos courbé, et

ont éprouvé de façon signiticative de la ptosis et/ou de la piloérection. Le somm~il a été

réduit d'une tàçon dépendante de la concentration de formol adminitrée, et était réduit de

tàçon signiticative à une concentration de formol de 1O~/O. Le comportement des rats

appartenant à tous les groupes expérimentau.x a semblé se normaliser 10 heures après

l'injection du formol. Les rats qui ont été habitués aux lieux et appareil où le test du formol

est effectué étaient plus sensibles au formol durant la première phase du test que ne 1"étaient

11
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l~s rats Llui n' a\Oai~nt reçu aucune scéanc~ d' habituationo L~ d~c1ench~ment dt: r ~xpr~ssion
Je la dnuleur ch~z l~s animaux non-habitués était retard~. et il semblait qUè ces aninl:.lUX

exprimaient moins de douleur durant la seconde phase du test. Quand la relation entre la

dos~ de morphine et son ~tT~t il été examinée à différentes conc~ntrations Je formol. il y

a\Oait un déplacenlent systématique yers la droite de la relation entre la dosè et l' eft~t de la

morphine et ce. jusqu' à une concentration de formol allant jusq u' à 2°'00 DO additionnelles

augm~ntations d~ la concentration de formol n'om pas proJuit d'autre J~placement de la

courbe. et la Inorphine a semblé ~tre un antagoniste non-cornp~titifJe la dlluleur caus~e par

le formol. 8mg.. kg de morphine L)nt bloque toute douleur ind~pendarnment Je la

concentration de formol.

111
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Chapt~r 1

INTRODUCTION

l.I THE STUDY OF P.--\IN

Pain is thè most comn1on symrltl1!TI l1f di:-\è~"è l)r in.!'lry ( ~\d;lT11' 8: \ï/:Tnr, ll)l}fj~,

:\Ithough intuiti\"dy it may ~èèm to hè mcrdy a nuisanc~. pain is ~ssr:ntial (L) an urganism's

survi\"ai. Its PUrpOSè is tù signal that injury has l)CCUrrèd. l)r is about tu l1CCUr. and it allLl\\s

the: ùrganism to rr:act and minimizè thè in,iury. Pain also s~nèS as a n~gati\ c r~inforct:r su

organisms Lan ;l\'tJid similar injury in thè futurè, ln aJditil11l. it kalis tL) rnHèctil)n l)tïnjurt:d

tissue and frequcntly rèdllcès acti \'i ty ~lI1J indll\':~s rèSt. \\ hich alll)\\" t~ 1)' fastèr r~Cl)\ ~r:

l'rom thl.: insult. Illl.: t~lct that l.:xpèri~ncin~ r~lin 1:-\ critical t~)!· ~Llni\ ~d can h~ illll:-itr~H~J h~

inJi\iJuaIs \\J1l) 'iL1n~r l'rom cung~nital analgèsia. in \vhich lh~ Iack l)(pain :-ièns~ltiun rèsults

in frè4uènt and rr:petiti\"~ injury. such ~lS hiting intù thè tongul.: \\'hik èating. burning L1ne':-;

sdf with boiling water. and not noticing that onè's skin hJS bCèn damagèJ, Humans. \\hl)

can comnlunicate threats anJ dangers \\'ith othèr peùpk. art: Icss an"t:ct~J by th~ inabilit:

to experienc~ pain. but in anin1als this ~l)J1Jitiùn is catastrnphic (\ldzack & \\·aII. 1i.}l)6l.

1.1.1 The necd for pain rcscarch

\Vhen pain no [ong~r p~rforms its biologicaI function. it b~comcs an unnè~~ssa~

burden. This is true when pain is not a symptùm of injury or diseast:. ur in th~ cas~ L)f

chronic pain \\'here nothing can b~ gain~d from the pain. and tht: pain itsdf becomt:s a

rnedical problern (7\-lelzack & \Vall. (996). ln the L'nited States aJone. at any point in time

there are more than two million \\'orking people incapacitated by pain l1essei & Kelly.

1991). In sorne cases. the origin of pain is llndt:rstood. and there are effective means of

alleviation. Howevef. in many cases. è\'en when the caUSè of pain has been identified. there

is no remedy (such as in rheumatoid arthritis). and in Gthers. the etio[ogy is not fully

understood. A prominent example ofthe latter is phantom limb pain. where the part ofbody
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that seems to hurt has been amputatc:d. It is. th~rd0rc:. ~ss~ntial that \\c: in\t~stig;lte: ho\\ pain

Jris~s. and ho\\' wc: ~an inte:ryc:ne: in that prol.:~ss tl) ill1prl)\~ the: sLln~n:rs' qllality of lit~

(~Idzack& \\'aIl 1996),

1.1.2 Complexity of pain rcscarch

Pain is a nlll1tidim~nsional phc:nome:non. and aIl asr~~ts of il nèed tü b~ stuJic:d,

L"':"'l""r,. ,.l~ "".; l .. '~ ~.II,,\.· ." ';.·.'f.' ., t ~~ ,t ."'~ .. tl,...ll t"';"h , 'l ,.,;.~l~ ,,,,,n".le' ., '· ..·.lrt.'\ ,/_ ,1, ..
l .... al,,".' .. LII \r 1 aU. \ L\.; , J ..) .. i. .. 1. ,"l.&. ~, ...) '--""'"' ...... '-, ... ""' .. ) ~ '-' l """' .. 1- "" .. 1-'-00 ~...... il .. " "-.,, ~ ,0.-1.. • 1 .... ~ ... ~ \J ..... "'-: "' " -.J...J"'40::-'" t..'-J ...... "'"

I.:e:ntral n~r\"OllS systc:m (C'S" This prOCèSS is rd~rr~J tl1 as nOl.:iceptioll. ~mJ fOrIns the

basis of the sensory-Jiscrirninati\'~ ~Ompl)n~nt l) f pain (\ le ILl~k & \\'all. 1996). \\"hi<.:h is

~xperiencc:J as th~ sensatÎLH1 of pain. The stimulus also a~t i\ ~ltèS c~s syst~ms that extraet

information about the: l11LHi \~ltil)flal-a n~l.:ti \'t: and LL)gn ili \ ~-~\ ~d u~lti\~ ~igni ti~anl.:~ Llr thè

stimulus. ~Iotivational-afr~eti\'e: ~kll1ènts I1fr~lÏn ar~ SUbSèf\ ~d primarily by re:ti~llIar and

limbi~ structllr~s. \\hil~ th~ Logniti\~-~\'~lIl1ati\"è asr~ets ~lri";è ,'rnm l1èn(l)rtical prl)l.:~SS~";"

Tht: ultimatt: rc:spl)nS~ (l1n~isb of hèl1J\'ilHlral re:sponst:s. \\ hidl art: pr~sllmt:d to imprlH ~

the probability l1f ~ur\"i\'~ll (,\dam~ & "kll)r. !l}l}6: \[cl/~h.:k & Katz. 1QQ41.

l.l.l ..-\. ~Voc:icl!ptioll

The noxious stimuli act dirc:etly on p~ripheral eutan~OllS and dt:~p rt:ct:ptors. Th~s~

are the free n~n'e t:ndings l1f high-thre:shold primar:' an~rent ner\'c: tibrc:s. dispers~J

throughollt peripheral and Jeep tiSSll~ (~Iclza(k & \\"aIl. 19l)6). The acti \'ation of thes~

receptors initiates trains of action potentials which travd along the sensory afferents and

enter the spinal cord. Two kinds ofneurons that transmit pain information to the spinal corJ

have been identitied, Small-dianleter. lightly mydinated. t~lst ~ündllcting .\Ô tibres. whidl

are activated by high-intensity thermal and mechanical stÎn1llli. and transmit to the c~s

information on sharp. pricking. transient pain ('phasic pain': Jessd & Kelly. 19q 1). The

small-diameter. slo\v-conducting. unmyelinated C-fibres are actÎ\'ated by high-intensit:

thermal. mechanical and chemical stimuli. and mediate persistent or 'tonie' pain (Jessd &

Kelly. 1991).
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.-\n~r~nt nèurons enter the spinal ~l1nl \'Ïa th~ dorsal hurns. and synaps~ \\ ilh uthcr

n~urons in the marginal zone (lamina l) and slIhstantia gdalinosa (lamina Ill. SlHl1C .\0

tibres projè~ll1lLW~ Jeepl:. and terminatc in lamina V. :\1 the point of t~rn1ination.primar:

afferenls synapse \\ith oth~r nèllrOI1S, \:eurons tèrminating :.u the lè\d of the sllbstantia

gelatinosa con\'ey the messagè to the \"entral horns \\ithin the snme or in aJja~~nt spinal

segments and mèdiate son1atÏc Jnd Jutonomie rd1èxès (:\dal11s & \ïLtor. 1QQ61. 'èural

1.1.2.B Pain sellsatioll

In the dorsal horns SènSL1fY an~rènts S~ napse. Jirectly l)f throug.h interneurons. \\ ith

neurol1s that projè~t rl)strally tù highèr hrain ~èntrèS. prinuril: in li\ 1..' ncural tract~" \lllst

of thè projèctiùn llèUrlll1S cruss th\.? midi in\.? and ascenJ Jllll1~ th~ (l)111raLileral siJe l)t" th~

spinal cord. ProjectiLln n~lIrl)nS l)riginatin~ in Iaminaè 1and \" -\' [1 urthl.: d\ lp;al hnrn Jsc~nJ

in the spinothalan1Ïc tract to thè thalamus, From laminae \'11 and \"111. neUrl)l1S of thl.:

spinoreticular tract projèct tLl the thalamus and the reticular flJrnl;ltion, rh~

spinom~sencephalic tract nriginatt:s in laminat: 1and \" and terminat~s in the.: pc.:riaquc.:ductal

grey (P:\G)' m~s~ncephalic reti~lliar tiJrmation and othèr règiùns of the.: nliJbrain, From

laminae [[1 and IV the nociceptive input is eon\'eyed to the ipsilat~ral cèf\"ical nllcl~us l)f

the spinal cord. From here. axons cross the midline and proje.:ct tù the thalanuls and

midbrain nuclei. From lan1inae III and IV axons also project to thè Clln~at~ Jnd gracik

nuclei in the medulla (J~ssd & ((dly. 1991). Tht: ascending. path\\ays ddi\'e.:r the.:

information about the noxious stimul~1tiL)I1 dir~ctly to the.: brain structures where the:

terminate. and ta other brain areas indirectly. The nocicepti\"e input ènters an al.:tin: brain.

so that further processing dt:pends l)n the.: nature of ùng.oing acti\ity. Th~ llitimate result is

th~ pain sensation with its sènsory-Jiseriminati\'è. cogniti\'e.:. è\'aillatin:. moti\'ational and

affective components (~[elzack & \Val!. 1(96) .

..,
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1.1.2.C Pain be!tal'ÙJUn'

\illXiOllS stimulation e~n r~sLllt in simpk rdl~xi\~ r~spùIls~S. Thçs~ Jù Ilot r~qllin:

supraspinal proeçssing or conscious s~ns;.llion ùf pain. and indudç \\ithdra\\'al l)( a limh

çxposçd ta radiant hèat. R~spùnsès that r~qLlire prol:èssing. in highèr C~S struetLlr~s and i.lr~

mùr~ l:an1plex art? rt?krn.:J ll.1 as Llrg.;,mis~J Llnlearnt?d rèspnnSèS (Chapman ~t al.. 19851.

Organised learncd rÇspanses OCl:ur \\'hen i.l sUbjèct has -::\r-:ri-:Ilc~J a partieular pain fuI

~iii1il1rLb in th\.: p..t:'JL. ..ttlJ ilû~ iCdlllcJ lU ~l\lIid illChdpl11~lIl ~t .Ii,. j<iX.:ï: Duilnt.:r. i~J~J41.

1.1.3 '[~chanisnls nf pain modulation

Il1t? magnitude of pain st.:nsatilln is Ilot ah\'ays i.l dir~ct functiùn l)f thè intensit: L1(

the noxious stimulation. ft is ~Llhjt?et tl) I11lh.iu!atl)ry mt.:eh~1l11~Il1S a!L1ng tht? èntir~ path\\i.l:

of transmission of the nocicr.:pti\'è input. P~riph-:ri.ll I1lKic~r'tllr" ei.ln unJergLl changes in

tht?ir acti \'ity pattt?!11s as a Cl)lb~qllènce llI" llther ~lCt i\'i ty in th\'" l1èf\lHlS ": -.;tèm l \ k: er L:t al.

1l)l)~ 1. [n the C\:S. transmissÎt)l1 ~al1 hL: anl.:l.:tèJ ~it almùst L:\ ~r~ synaptic.i Ul1Ctilll1 b~ IOl.:al

~\'ents. as \\'dl as by centrifug.al input from ùth~r C~S Lel1tr~~ 1\kl/.al.:k & \\'all. jl)l)61,

1.1.3..-\ States ofu/lt!rec/ pain proct!ssillg

Pain stimul i can ~\'oke responses whùsç magnituJr.: Îs -:xp~ct~J I.:onsidering tht:

int~nsity ofth~ noxiolls stinndus. This is rd~rred ta as narmoalgt:sia. Only stimuli sufticient

or nearly sufticient ta proJw;~ tissuè injury ç\'ok~ pain 1Yak:-ih & ~Ialmbt?rg. 199~ L Tht:

state of increased sensiti\'ity to stimul i (eXdllJing the special senses) is called

hyperaeshesia. The latter indlldes hypt?ralgesia and allodynia, Hyperalg~sia occurs when

there is an increased response ta a stimulus that normally prodllces pain. Allùdynia

describes the state in which stimuli. whether thernlal. tactile or other. that normally do nat

produce. result in a painflll sensation (\Ierskey & l3ogduk. lY9.f), Hypoalgt:sia is an

increase in stimulus intensity reqllin:d to produet: pain. In otht:r \\ords. tht? magnitude ùftht?

pain respanse is reduced as compared ta the magnitude ofthè response to the same stimulus

in the stare of nonnoalgesia. resulting in pain insensitivity ta a tissue-damaging stimulus

(Yaksh & l\ilalmberg. 1994).
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1.1.3. B .llecllllllislIlS 1I1lc/er(rillg plIill lIun/li/ario/l

1.1.3.B.i Lï/LlJ1gLJS in J/ociL'l.'jJ(o/"h.'llsitll'it.\

.~\cti\'ity patt~rns ù f p~ripht:ral nllcicèptùrs can changt: aftl:r th~y ar~ repeatedl:

stimulated. In th~ p~ripht:ry. C-tjbr~ nociccptors ha\'~ b~en tound ta dcs~nsitizc aftcr

rcpcat~d stimulation. whih: .-\ô-tibr~s bCCl)!11C sCl1sitizcd.:\ promincnt ~xan1plc ofaffcrcnt

s~nsi tization is in rh~ case L) f pt:riph~ral intlal1llnatil)n. dllring. which Ch~lllicai mediators art:

rdeas~d from the noeieeptors thcmsd \·cs. the II1JurcL1 tlSSU~ llr blood ccl b. 1h~s..: m~diators.

C.g. bradykinin (BK). prostagbnJins (Pli 1 and kukotril:llt:s (LT). 5-h: dr{)xytriptamint:

l5-HTt inh.:rlcukins (IL l. histatlline. substanct.: P (S PL ad..:nusine and llthers. aet tln th~

aft"t:rel1t neurons and decrèase the t!lr~Slh)ld of t!leir acti\atiun (\ kYl:r ~t al .. 1l)9~).

/. /. J. B. ii Cl.!l1tral nL'/T()ll.\ SYSIl.!11l plasticity

:\t.:uronal ci reuitr: in the C:\S can dram:'llically al t~r [h~ tranSI11 i:-'~il ml) (tht.: nu\:ilHIS

input. :.lnd thus ch:.lng~ th~ rdatiùnship bt.:t\\ t:1.:J1 tht.: 110XitlllS stimulus and r~spùnsc. 1l1e

inconling C\'ènts can bè t:l1h"lllC~J ur att~l1uated. The unJt.:rlying mc.:chunism Llfthis plasticit~

is that th~ noxious input dicits r~le:.lst.: ofnèurotransnlÏtters l'rom the afferent. intrinsic anJ

descending neural tibres. ~md subsequently affects local ~\'ents ofneurotransmission. These

changes have been best characterized at the le\"d of the dorsal horn lDickenson. 1(95),

Several neuropeptides ha\'~ b~en implicated in altering nocicèptin: transmission. sr
originates from unn1yelinatcd prinlury uftt:rc.:nts. as weil as intrinsic nellrons and JescenJing

tibres. It exerts its enhancing dTect on nocic~pti\'è transmissil)n by acting t)l1 ncurokinin-l

(NK-I) receptors. ~eurokinin A (\rA), may play a similar role. C:.lkitonin g~ne-n:lated

p~ptide (CGR?). somatostatin and galanin are other neuropeptides releas~d from

nociceptors into th~ dorsal horn. CGRP appears ta ~nhance.while galanin and somatostatin

inhibit transmission of noxious input (Dickcnson. 1995). Excitatory amino acids (E:\A 1

glutamate and aspartate. thought to b~ rd~ased by small-Jiameter mye! inated primar:

afferents. intemeurons and projection neurons. produce conditions favouring nociceptive

transmission. This occurs due to their action on N-methyl-D-aspartat~(N~IDA) receptors.

as \vell as non-NNIDA receptors. such as alpha-amino-3-hydroxy-5-methyl-

5
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-l-isoxazolepropionic ~cid (.-\\tP.-\ l. m~t:.lblltrl'lpic gllllall1at~. and kainat~ r~ct:ptors. ~ \ ID:\

rec~ptor acti\"atilln has bè~n il11pli~~lt~d in chronic pain states in adJition to tht: aCLltt:

physiological ph~nom~n~l. ~\ID:\ r~cèptl)f aclÎ\Jtidn ha:-; b~~n assùciat~J \\ith Ca" inl111x

\\"hich activates nitric oxiJe synthas~ (~OS 1. the ènzym~ r~sponsible for gen~ration ofnilric

oxide. This gas may ènhance t~lcilitatçJ rdl~xes anJ prOllllHè nocicepti\'ç transmission. The

actions ofEA:\ on \:\ID.-\ n:ceptùrs. and SP nn ~f( rec~ph)("s promote prostanl)iJ s~ nthesis

IDickenson. \9(5).

/./. 3. B, iii Input rj'ol1l ()[hclr hruin Ù!J1fJ't..!s .'Lil.'.'l.\'Jhling ctJluro/J

rhe SOmah)S~nS("lryctJrt~.'\. th~ para \ t:lltricubr h} rI \th~llamic 11111:kus. nud~Lls r~lphè

magnus and tht: puntine I~ltèral tt:gm~l1tal tidJ hJ\'t: al[ I.li:-;played tht: ahility tG mùJula(t: tht:

tiring ofascending nocic~r:ti\"è nèllfl)[lS anJ spinal rèllL'.\ rL'SpnnSès tü pain. rh~ir action is.

hl)\\'è\"cr. indircct. \kJullar: and miJhrain strllCtllr~s hJ\ ~ hèèn sho\\ n to hè thè IJriginl)(

centri fugal contro [of ascènJing nn(ic~pti\"~ pathways. Th.: l11iJbrain P.\G. \\hich rèCèi \~S

input from othèr miJbrain and l\Jrèbrain ~tructl1rèS. ~l:-l \\ d 1as t'rom th~ spi nal eurJ. s~nds

its projections down to the rostral \entrom~Jial m~Jl1lla (R \'\1). The latter incluJes th.:

nucleus raphe magnlls (:\R\[) ~md nucleus rdicularis magnocellularis (R~'[C l. The mos(

important origin of descending tibr~s tm\·dling. 10 the spinal dorsal horn. \"ia (hè

dorsolateral funiclllus. originat~ in thè RV\l. ThèS~ prnjeclions terminale in th~ superticia\

laminae and lamina V of the dors~ll horns. The neurotransmitter invoh"ed in their action

appears to be 5-HT. The dorsolateral pontomesencephalic tegmentum (DLTP) also appears

to supress nociception in the spinal ascending pathways. primarily by means ofdescending.

noradrenergic projections to the dorsal horn (FidJs 8,: Basballm. 1994).

The site at which the descending inhibitory pathways originate is rich in opioid

receptors and endogenolls opiates. They appear to be L)n.: site ofaction ofopioid narcotics.

In addition. these systems allow that the le\"d of incoming pain sensation is altered b~

certain complex CNS conditions such as motivation. stress. anticipation. attention. emotion

etc. (~felzack & \Val1. 1996).
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1.2 ANIiVlAL iVfODELS Of P.-\.I~

.-\J\'ances in th~ knl)\\I~Jg~ otï10\\ to alk\'iate dinical pain r~l: all110st ~xdusi\ d:

on animal expèrimentation. O\'er tifty din~rèl1t animal pain moJds hJ\e beèn de\·dop~J.

ail of \\hich rely on the assumptian that the beha\'iùural and physiologieal rèsponSèS that

oecur in the animal are sinlilar to thase that \VoulJ OCCllr in a hun1an prèsent~d with the

sarne noxiolls stinllIlus. The èmploym~nt ùf animal mnJds of pain Sen"èS t\Vo main

PUrpOSèS: it Jiio\\s us tG inrlict pain and stllJy th~ \\a~ 111 \\l1lcl1 11l)\llH1S stimulation

praducès pain: sinlilarly. it pw\'ides LIS \\ ith the ùppununity [L) stuJ: the rnechanisms

prùducing analgesi41. as wdl as lù iJ~ntit~ n~\\ analg~sic agents (Dllbnèr. 199-l: Franklin

& .-\bbott. 1989).

It is important tn be a\\are nl'the limitatilH1S assdciateJ \\ ith each r~lil1llll)(.ièl. ~lI1d

the cllndusions that can be in t~rrèd t'n1!11 c\p~rimental dh'ièl"\ ~llilH1s. Di n~r~11l paraJigm:-.

èmplu: Jin~relll types Ùfnll,iuus stimuli. ~lI1d thèS~ ma: clicit l,.lin~rcnt ph: slOll)gical and

bd1a\'ioural respùnses and underlying pain fuI e\periences. Each t~st may rd1~cta dissil11ilar

neural or pharma~ological m~chani~l11. It is ~ssèntial that the 1l1oJd ùf pain chosen h~

rdevant ta the c!inical probl~m being adJrèssèd 1\Idzack and \\"all. 1996 ,. In the same \\'J:

that different pain stinluli acti\ate Jiffercnt neuronal path\\ays. diftt:rent typ~s of pain ma:

be differentially susceptible to diftt:rent analgesic treatm~nt (Franklin & .-\bbotl. 1989),

Sorne pain modds measure sinlpl~ ret1~x responses. such as tail-tlick or limb-withJra\\al.

others requin: supraspinal pracessin~. The Iatt~r may quantitY unlearneJ or learned

behaviours (Dubn~r. 199-l l. EX~1I11plès orth~ Jint:r~nt types ofpain n10Jds are slImn1arizeJ

belo\v.

1.2.1 Simple reflex modcls

Simple retle\ n10dds indude the tail-tlick test anJ the limb-withdrawal tests. [n the

tail-tlick test (D'Amour & Smith. 19-1 l l. a l1eat stinlulus is applied tü the anima!'s tail. and

the time the animal takes to withdraw its tail from the heut source is taken as a pain

measure. Similarly_ in the limb-withdrav,;aI test (Bennett & Peterson. (975) a limb is

stimulated thermally or electrically until the animal withdra\vs il. As in the taiI-tlick test.
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the withdrawal latency is tak~n as a nh:asllr~ l)f pain. Th~s~ t~sts m~asur~ pain thr~shùlJs

r~lth~r than quantitiabk pain. The anirnal has control ù\\~r th~ nùxiùus stimulus sinc~ it call

withdraw its tail or linlb and t~rmin~ltè the nùxious stimulation. The stimulus produces liule

or no tissue damage. :-\lthough the change in \\ ithdrawal Lllencies due to administration of

analgesic agents in thes~ pain modds is gçncrally il goùd rm:dictor of analgesia in humans.

œtlex b~ha\'iollrs are not il nlèï.lSUre ùfpain INr Xl!. Limh-\\ ithJra\\al and tail-tlick l)Ccur in

J pain sensation C:'Ul not OCl..:ur (Dubn~r. 199.+ l.

1.2.2 ~Iodcls rcquiring supraspinal proccssing

These moJds of pain r~yuire that the nnxiOllS stil1luLttion h~ pnK~sscd by highl..'r

C~S stnH.:tures betorè il rcsponse ùccurs. lhl..'se rl..'sponsl..'s. lllllîh.1..' simpll..' rdlèxès. \\ ill nut

ùccur in Jecèrebratè animais IOuhlll..'r. Il)t.)-k l'harman I..'t.L1.. 19X51.

1.2.2.:\ Orgallised 1I1l!earlled respol1sl! paradigl1ls

Lnh:arned responsè paradigms in\'ùh'e noxious stiml1li-inJllc~J beha\"inllrs 111l)r~

I.:omplex than a simpl~ rt:t1èx. Thes~ art: \'01 untary n:spons~s and r~qllirè supraspinal SenSl)[:

processing. and ha\'e not bl..'en le~lrn~d priar 1L) t~sting. \\ïth n.:sp~ct tG thè duration ùf thl..'

noxious stimulus they can be grouped inta phasic pain moJds. in which the stimulus is l)f

relatively short duration (in the arder of seconds). and tonie pain models. in which the

noxious stimulation is intlanlmation-indw.:ed and prolonged (in the arder ofse\'eral minutes

to several weeks: Dubner. 1994L

1. 2.2...1. i Pile/sic pain paradi~ms

ln the hot-plate test. primarily lIst:d with rodents. a rat or a mOllse is placed on il

heated plate. The measure of pain is the time reqllired for the animal ta begin licking its

hind paws. This test is sin1ilar 10 the simple renex pain models in that the pain is of short

duration. and that the animal has control over the pain and can tem1inate th~ noxious

8
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stitl1Ulation. Tht: m~aSllr~ ofpain is lat~ncy. and th~ tt.?st measurt.?s pain thresholJs 1Dubnt.:r.

1994 ).

l"~.~ ..-l,ii Tonie pain pu,.udiKms

Several paradigms in\'ol\'ing longer-lasting. illtlammatory pain. h~l.\'e b~t.?n

de\"eloped. and are pr~tt:rreJ 1l1odds bccausc the natllr~ llf the indw.:cd pain is sinlilar to

the stimulus int~nsi ty or duration. Th~ pro-intl.lllln1~ltOry a~ents us~d tL) inJw.:e pain proJuce

tissue damage..-\nother aJ\i.lntag~ ofthese 1110Jds o\"er th~ simpk rdlc:\ paradigms is that

multipl~ beha\"ioural I11CaSl1r~s are a\'ailabl~ tor pain quanti ficltill!1 (Dubner. 199.+).

Con1pktc freunJ's aJju\ant (l' F:\ J. in,ièctèd intradcrmall: inthetail.th~. rlantar surLlce \)f

a n:ar pa\\' or the skin on the back. prl)Juct.?S a generalizeJ s: stt.:mic ~lise;'he, l'he Irritant.

comprised of tuberculin badlli (mYl1hacterium 1 cdl \\alls in minera!llil ..U1J emubitit.:rs.

proJLH.:es an i.lutLlimmut1e rei.lctiLln (Franklin & :\bbott. 19S9: l\)derre & \\·all. 19S71.

(njecteJ into the tail. CF:\ rrodw.:es arthritis in multiple jL)ints. In Jddition tLl int1ammation

Jnd hyperalgesia in the joints it also produccs daillagc tù ùthcr tissUèS slll.:h as cycs. cars.

genitals. skin. bone and liver. Suhjects cxperienl.:c pain o\'er J I.:oursc of se\"eral wt:cks. as

weil as weight loss and redllced motor actidty (Coderre & \\';'111. 1987). Pain is m~Jsurt.?J

by obser\"ing scratching.locomotor Jl.:ti\·ity. \\"cight los5 and \"ocalization L1pon mel.:hanical

stimulation of the aftècted limbs (Oubncr. 199-+)..-\lthough this is the only model in which

pain occurs o\'er the course of sen~ral wecks. there are seriolls ethil.:al considerations

regarding the use of the model. due to se\'ere discomfort produced o\'cr a rc lati \"ely long

time period (Franklin & Abbott. 1989).

:\s an alternative to Cf.-\. Codern: ~'t \Vall (1987) introduced the ankl~joint urate

arthritis model. Sodium urate crystals are injected directly in[O one ankle joint.

Intlammation and hyperalgesia remain localized tü the injected limb. peak \\"ithin 2-l. hours

of injection. and persist o\"er the course of approximately one week. This modd does not

produce severe systemic disease. and the discomfort is shorter in duration.
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The fomlalin test (Dubuisson 8.: D~nnis. 1977) is anoth~r modd wher~ a

pra-intlammatory agent is injècteJ inta an animal's pa\\. \\hich proJucès pain lasting

approximately on.:' heur. and èd~ma lasting. s~\·èr:.11 Jays. Pain respons~s are compl~x

(Ül\"ouring. lifting. licking or biting of the injecteJ paw and tlinching.) and easih

qllantitiable (Tjelsen et al.. 1992).

The writhing test (\\klick~·. 1979) in\'oln~s an intrapt:ritoneal ( IP) injcctinn uLm

pain meJsures art: \'ariùlIs bdla\ioural r~spI.Jnsr.:s. sLH.:h as i!1l~rnal rotation ùfa pa\\. roll ing

on the sicle. arching of the hack anJ abdominal contractions 1 [)ubner. 199~).

1.2.2.B Lt!lIrllt!d or operall' resplJlIse puradigl1lS

Operant rr.:spùnse raradigm~ arl..: 111l'dds uf pain \\ h~r~ the animal has cùntrnlll\ cr

the noxiolls stin1Ltllls intl..:l1sity lJr Juratil'l1. It l:Jn t~rminak' th~ a\'r.:rsi\~ ~\:peri~ncc: h:

performing a learned bdla\"iLlur. stlch as rr~ssing a le\"cr. I"h~ I1ll..:Jsurc: nf pain is the Iatc:nc:

of the beha\'iollral responst:. These paradigms innlh'c clHnpkx :-;upraspinal s~nsor~

proc~ssing and p~rrormance of sllbje~ts in th~ tasks in\ oh c attentiL)n. moti \ ation anJ

leaming (Dubner. 1(94).

1.2.3 Ethical considerations

The general notion r~garding pam research in animais is that this kind of

in\'~stigations ar~ necessary. Physiolùgical and pharma~ùlogical manipulations of pain

mechanisms in humans are consider~d un~thical and thereton: not possible (Chapman et al..

1985). Animal experimentation is yirtually the ùnly means by \\hich \\'e can ad\'anc~ our

knowledge of pain control (Dllbn~r. 1994). Ho\\'ever. it is n~cessary to minimise the use of

animais. and the degree of pain and injury intlicted LIpon th~m. The r~sponsibilit~

investigators have ta display begins in the choice ofparadigms and careful planning oftheir

experiments. sinc~ badly d~signed or performed experinlents cause unnecessary pain and

provide linle or no usetùl information (Franklin and .-\bbott. 1989). The least ethical

concem regards pain œsting on animaIs under anaesthesia. or thase that have undergone

10
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surg~ry that nlinimiz~s pain sènsation. ~.g. J~l..:èrèbraliùn. rh..:st.: èxpèrimènt::i Ju nut ill\nhè

l..:onscious sensation of pain. \lorè l..:art.: has lO ht.: takèll in èxp~rill1èntatil111 l1n a\\akt.:.

conscious animais. and paniculJrly in l11ùdds of pt.:r~islt.:nt anJ ~hwni( pi..1in anJ lissu~

injury. Thè le\'d of inJul..:~J pain SI1L1111d bè dùsdy mùnitL)rèJ and kt.:pt to a minin111m. Tht.:

lè\'d of pain should n~\'~r ~xcet.:J that \\·hil..:h would be tokrated in humans 1Dubn~r. 199·k

Bowd. 1980}. ln addition. the èXpèriIl1~ntal d~sign shùulJ p~rmit thè LISt.: l1f the smallt.:st

1.3 FORi\L\LIN TEST 1:\ THE R.-\T

Th~ fornlalin test is a l111h.kll)fal..:l1tè tiSSllè in.iury-indul..:~J (Ul~l11t.:l)US pain (Franklin

& .-\bbott. 1989). It was intrudlll.:t.:d h~ Duhuissun & D~llni" in 1q ....... DilLllè I~)rma]in i~

injecteJ intL) l1ne l) f the animais' p~l\\ s. Thè ani mal is thèn pLl(~d in an llb"'èr\ aUI)[1 ~hamhl.'r

:.1nd the beha\'il)ural n::-irunsI.'S art.: l)hSèn ~d,

Dubuissùn & Dennis ( 1977) p~rtornlt.:d the tèst on rats and (ats. Sincè then fornlalin

induced beha\lùurs haVè bèen stuJieJ in Sè\èral spèci~s. sLlch as guinea pigs

(\Vheder-Aceto & Cowan. 1991l. rabbits (Carli ~t al. 19X Il. rll<.1nkcys (, \Ircj~ ~t al.. i lJX4 l.

octodon degus (Pdissier t:t ~1. 19S9l. Jùmestic tlnd II 1ugh~s & Sufka. 19911. mice

(Hunskaar ~t al. 1985) and l..:roeodilt:s (KJnui ~t al.. 19(0). It is. hO\\t:\'r:r. mùst rrequ~ntl~

employed in rats and mice (Tj~Jlsçn ~t al.. 1992). [n the follo\\ing r~\'ie\\' of the forn1~lin test

the t'oeus will b~ on the rat. unless ùthef\\'is~ inJicated.

1.3.1 Formalin as a pro-int1~lmmatory ~lgcnt

The term form~lin rders to 37-39°0 tL1rmaldehyd~. \\'hich usually contains 10-15° 0

methanol as a stabiliser. mixed with nonnal physiologicai saline. Formaldehyde bdongs to

the group of chemical COmplHll1ds (Jl1eJ aldehydes. \\'hidl ha\'e been found to exert a

dose-dependent toxil..: effect on cèlls (Har\"èY. 19751. Formalin' s cytùtoxicity aris~s from its

ability ta bind free amino groups of proteins. forming cross-links (Alberts et al.. 1994) and

causing protein precipitation (Har\'~y. 1975). \Vhen applied ta tissue in viva. formaldehyde

denatures cellular proteins and induces an intlammatory response (Bro\\'n. 1968:
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\liampamba~t al.. 1l)l)2). \\ hil.:h 11l~lniksb ibdtïn p~lilll\:~pllIlS~SanJ s\\dling llfthl.: pa\\

1Duhuissùn & Dt:nni:-i. 197' l. P~li Il d~\t:lllp~ _i u~t ~t:l.:l llh.b ~l(tl.:r l'urnlal in aJminisrratinn and

prèl:~dè$ thè Jt:\-dÙpn1~nt llfhistlllllgicall.:hallg~s assùciatl.:J \\ ith al.:ut~ inllamm;.nilll1. The

initial pain is probably duc tn th~ int~ral.:tinn of 1~)rmaIJt:hyd~ \\'ith ion I.:hann~1 proteins llI1

:.ltTèrent l1èUrons. kaJing tu an intlu:\ llf -;llLlium and C\ ..:ntual t~liiurè l)1' aIl innil.: I.:UITt:nb

ù\-èr a pèriod lltÏlllUfS (! liltt:. 19l)2: \br~il1t:anu. Il)l)(ll. !"IlL' intlammatl1r: phasl.: hc:;ilb

frùm al.:ti"atiùn ùfncurùnal afft:rcl1ls by intlammatllr: Ilh:di,lh 1r:,_ EJcma ~lllJ c:\tra\ asatilln

Jè\dùp at ~l Slll\\Cr rate than pain. peak \\ ithin a ,-b::- ~lt'l~r [~)nllalin in)cl.:lÎlH1. anJ can !ast

sc\t:ral \\ceks_ Dcrending lll1 t!ll.: .ll1h111111l1t" f\Jrmalil1. ~l -;llull blister ma: Jè\dup. \\hicl1

is thcll rt:placcd \\ ith ",car ti:-,:-.llC ([)L1hllis~tln '-': Dennis. 1q-- \_

1.3.2 F0 rmalin-ind uccd pa in

t~ lrmal in-ind lll.:cd ra in i~ hir'I1~I' ie _ln hUl1ul1s. t~ \rm~diIl Jdl11! nistratit)1l inJul.:cs ini tiall: J

sharp. short-lasting rain. tllllu\\"l.:d by ;J pro!LHlgcd. rlll1rly llKalizl.:d. hurning pain

(Dubuisson & D~nnis. 199ï: Franklin & .\bhntt. 19891.111 rlllfl:nts. t\\Ll Jistin~t phasl.:s ll(

pain are s~paratl.:d by a p~rilh.l \\h~rl.: nn p:.li n app~ars t~) he ex pèrienl.:~J. thc sO-l.:aI k:d

int~rphase 1Tj\.llsen l.:t al. 1992: Franklin & .\hblllt. !989 1. In l11!1cr Sp~l.:ièS. slll.:h as rahhits.

th~ pain is monophasi~. Tht: ditTer~nt prùtiks nfpainful rcspLlns~s in Jifr~rt:nt spt:l.:i~s ma:

be du~ to acti\-ation of din~r~nt llnd~rlying physilllùgit.:al rrlll.:~SS~S (Tjolsen et al.. 19921.

[0 rats. favouring. lifting. shaking. tlind1ing. licking ur hiling th~ injèl.:tèd paw h~gins

immediatdy alter th~ injectiun and !asts Slll11e 3 tl) 5 minutl.:s. rhis 'tirst' ùr 'al.:utè' phase llf

pain responses is followed by a period \\h~n: nu pain r~sp\Jl1SCS are obser\"~d and rats tend

to b~ inacti\"e (int~rphast:). Th~ pain rt:spùllses rl.:appear 13-20 nlinut~s post-formalin.

accompanied by an in<.:r~asè in IOl.:omotor acti\-ity l'scl.:ul1d' llr 'tonie' phas~: Dubuisson &

Dennis. 1997: \Vh~ekr-.-\I.:t:tù l.:t al.. 1qL)l)). Th~ t\\Ll phast:s of formalin-inJlKèJ pain

display diftt:rent sensiti\"itÎes to\\"ards sp~d1ic analgèsic agt:nts (\\"heekr-A~eto et al.. 1990:
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Clklt?rrt? t:t al.. \990 l. suppnning th~ 110LÏlH1 thal th~ ll1~(h~ll1i.'ims LlnJ~rl: ing pain in th.: t\\t1

phasès is Ji n~r~nt.

1.3.2..-\ First phase

Initially. an intraplantar inj~ctiùn l)f formalin app~ars to indl1l.:t: pain by Jirt:ctl:

stimulating peripheral s~nsnry r~c~ptl)rS 1DubllisSl)J1 IX.: D~nnis. 1<,)97: 1lunskaar & Hok.

i t)S7 Î...li Id ii lu=" ddÎ \ ~tiillg pl.:l iplll.:! ~ti ~1.:11:'ltll) ~Lil~II.:J ll~ 1ih~ 1\\ Il I.:l ai .• i ~;o:.; J, SlLlJit.:~ in miCl:

ha\'è lèd [0 th.: condusilH1S that dir~(t :'ltil1111latiun llf p~:rirh.:ral S':lbllr: an~r.:nts h:

tormalin rt:sults in SP and BK rdl..'a:-;.:. SI> and BK 111~1\ ~ynl..'rgistic~dl: panicipat~ in

inducing tïrst phasl..' pain (Shihata l..'l al.. Il):--lt) l.

I.J.l.B Second pitt/se

Pain l..'mèrging Sl1111C 15 dr 20 mInutes pl)St-l~lrnulill is llu\.' tll I.il..'\duping

int1amn1ation (Dubllissnn & Dl..'nnis. ll)ï7: (Illnskaar & 11~)Il..'. !9S71. 1listamilll..'. 5-1 Il.

prostogbndin [2 lPu E21. BK and nllradn:nalil1l..' ha\'c bccn shown to play a roll..' in thl..'

inductiL)n ofthc SCCllnd phasc pain I,\bhlllt l..'t .11 .. ]l)l)(,: ! Jung & :\hbùtt. \996: Shihata l..'t

al.. 1989).

1.3.2.C BeJ'olld peripllerll! stÎlIlII!lltioll

Formalin injl..'ctl..'d inh) a rat's pa\\ has bl..'cn ShL)\\Iî tll adi\atl..' C- and :\0 -nl..'nl..'

tïbr~s (Puig & Sorkin. ll)l)-+: \ kCail et al.. \996) ù r thc thrl..'c branchl..'s of thl..' sciatic nen e:

saphenous (Ht:apy et al.. 19871. sural (Puig & Sûrkin. 1l)l)31 and tibiall Carli t:t al.. 1l)87l.

The activation of the n~r\'l..' tibres displaYl..'J a similar time-coursl..' tLl the be;:ha\'ioural

rt:spons~s to sllbcllt~H1èOllS injl..'ctiûn of fonnalin (Porro 8: Ca\'azzuti. 1993). The sciatic

n~n~ ~ntt:rs the spinal cord at th~ t011rth and tïfth tumbar segnlt:nt. ~t:uronal acti\'ation in

the spinal cord has been Je;:monstr~tèd l11ainly in the dorsal horns of tht: spinal coro.

ipsilateral to the inject~d pa\\' (lanlinat: I. [1. V and V1: .-\bbadi~ et ai.. 19971. ProlongeJ and

\videspread neuronal activity was also observeJ in the Jeep laminae VII and VIII. :\ctivity
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in bath tht: sup~rlïci;ll and d~~r lamina displa:- J lim~ (dllrS~ ~imilar LL) th~ hdl:.l\ il)Ural

r~spanst:s (Parrn I..'t Cayazzuti. Il)l)3 J.

1.3.3 ~lcthotJs of asscssing pain and analgcsia

The formalin t~st has beL.:n llsL.:d ta stuJy man:- lii n~rt:nt aspects of pain. Fl)rmalin

incJllct:s intlammatian at th~ :-litt: II f in.it:ctilHl. ~lI1J rl".'rmi h lh~ stllJy l) f lh~ intLlmmah \f:

Shibala d :.11. Il)Xl) l. EI~cIrllph:- Sillll1gicai slLIdi\".'s ha\ 1".' 1''':;,:11 ll:-i~J tl) stuJ: th~ transmissiull

of nll\:ious infurmatilHl a!L)ng afl~r\".'l1l n~l1rL)I1i.d pall1\\ a:: '. as \\dl as lh~ Iransmissiün in lh~

spinal ~ord ;.Ind brainslt:111 (POtTl) & Ca\ a.l.zllli. 1l)l)3l. 1':kl'!l\ll11yographic 1L\IG 1tt:chniqll~s

C:'Ul I1ll)nitor musd~ acti\ity aftL'r ~ldll1il1i:-,lralillll \)( :~q'll1alin. EI~Cln)~ncl".'phalogr:'lph::

lEEG) has bl".'~n us;:J ll) in\~slj~:.lt~ i.h:li\il:: in \ ~lril\L!~ !'.I1':" dt'th~ c~n:bral cnrt~:\ folhl\\ ing

tünnalin inj~ctilll1 in (:.lb anJ r:'lhhii.'i (C .. lrli ~t ..li,. jl/-I) l, l'\S acti\ il: has :.liSl) h~~11

llll".':.lsur;:d by mt:an:-i 1..) f raJiuacti \ \".' trac~rs. SlIC h a~ 1-+C -2-Jt:oxygl1lI.:nst: 1 l'+C-2Dli l.

:\ctÏ\'~lion of n~r\"~ tihr~s C:.1I1 b(~ tr~H.:~d frul11 th\".' r~ril'\ih::·: ln tht: cl".'ntra[ n~nl)US :-i:- ~krll

llsing d~ctrophysilJll)gy, \"~tlrunal prnkClil)(1S in lh~ ~r'IIli.l1 corJ and bl"ainst~m thal ~m..·

acti \'at~d by fl.ll"mal i11 can hl.: id~l1ti li('d by imml.:dial~-I.:~lrl~ :;\".'n~ (rEG 1n1apping. rElIs. stlch

as c-tl)S. art: t:\:pr~ssed Upl)n nt:lIrol1JI acti \atiull. and can be iJt:nti ti('J h~

immunohistoc~mical mt:thods (POtTO & Ca\'azzuti. 1l)l)3 1. \ licrodialysis and microp~r(llsinn

have b~t:n llsed tü ducidatc: l1eurotral1smittt:r anJ n('tll·l)r~ptide rèlease in the brain and

spinal cord (Tj~Jls~n ~t al.. [l)<.)2 1. rht: hincht:mil.:al ~tLlliil".'s Juring nociceptin:: stimulatiLm

by formalin have examin~d Ih~ r~It::.ls~ 1.)( nl".'urnp('ptiJ('s. neurotransmittc:rs Jnd other

neurol.:hemical changes. as \\'dl as C:'\S prol.:~ssing anJ plasticity (Cùdc:rrc: et al.. 1990).

Pharmacological stucJies employeJ the llJrmalin tt:st Il) stllJy the mechanism of analgesia

mc:diated by Jrllgs sllch as opiatt:s (.-\hblllt & Pall11uur. 1988). non-steroidal anti­

intlammatory drugs 1:'\SAIDs: :\bbùtt & Hd km:.lns. submiued for publication). local

anaesthetics (Coderre et al.. 19(0). Jopan1int:rgic (Franklj n. 1989). serotonergic l.-\bbott ~t

al .. 1996). GABA-enûc (Carmod\" et al .. 1991 )and adren~ruiL (Coderre et al. 1984) a~onists...... - .....

and antagonists. tricyclic antidepressants (FusIner et al.. 1989). excitatory anlino acids
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1Cnd~rr~ & \ kl/ack. Il)<.)2a 1. calciulll Ch~llll1~1 hl\.lck~r"Î 1Clld~IT~ & \ kl/:'lCk.. Il)l)2h 1and

l)(h~r phannaclllùgicai ag~nb (PlHTll & C~l\a/Zllli. lLJ1l3~ .

.-\ppenJix [ is a list lJf sci~ntific r~ports nt' ~tlldi~s llsing th~ tlJrmalin tt.:st tll stuJ~

pain anu rdat~d pht.:nùmr:na. publishr:J bd\\t.:-.:n January 1997 anJ Dt.:t.:r:mbèr 1998. It

t.:ùntains Jdails llt" bdla\'iullral rating ~ll1d llth~r pain ass-.:ssmr:nt. formalin \'olume anJ

t.:oncentratian. site of injcctil111 and llth~r ~\p~ril11~ntal \'ariabks.

I.J .... Beha\"ioural studics

I3r:ha\'ÎlHlr:.t1 stlldi-.:s llS~ bd1:.!\ i\lural 1\:SPlln:-it.:s tp Ilh:aSllrl.: th~ \.lègr~~ llt" painl"ul

sensation inow,:co by a f(Jrnul in in,i-.:ctÎl'!1. :\ \'ari~ty ut" h-.:l1a\ iOllral rèSpL'nS~S ha\r: bc~n

obscr\'eu ath:r sllhcllt:'lI1~lHIS admi nislr:'ltillll II t' t~)rm:.ll i11. ~ll1d th~~ C:'111 hl.: gnHlp~J in t\\ l)

distinct classès. Pain-spl.:l.:itic bdl:.l\'ilHlrs. \\ 11Ich ~l!\~ pr\.·sLll11èd tll h~ a \.iir~({ lünctilH1llt"th.:

painflll è\p~ri-.:nc~. ~l!\: qll~ll1tili~\.1 .111...1 Ll:,~d tll I.lèt-.:rnlill'-' .l rain illd~\ (l) ~stimat~ th~

magnituJe l)rth~ pain. (>th\.T h~h:'l\ (lIlll':,> l\.,tkct thL' cumpk\ ~lî~l.:ts llfpail11.111 murL' g.L'n~r~1

bdla\'ioural pattt:rns. such as skL'ring. grnl' l11ing and è\rIt.1ring, \Il'nitnring g~neral

b~ha\"iol1r l:an also pro\'id~ intiJrmatilH1 lm thr: ;JctilH1 ut" drugs ~tllJit:d in thl.: formalin tL'St.

such as sedative dTr:l:ts of ÙpiLlid analgL'sil.:s 1:\hbott L't al.. lq1}51.

1.3..1..-\ Paill-specijic bellliviolirs

Formalin injel.:tion in the pa\\' iI1JLll.:~S ~L'\'L'ral l,.iift~rL'nt bt:ha\'iours that l.:an hL'

quantitied and llsed as a meaSllr~ of the magnitudL' llt"pain sL'nsation. Dllbuisson anJ Dennis

( 1977). desl:ribed ti)rmalin indtll:èd hL'h:'l\ il111rS that ar~ still cllll1l11only Llst:d today (rjl,lst:n

et al.. 1992). The bdla\ioLirall.:att:gl)ri~s LlSL'J art: 'nL)rmal'. 'fJ\our'. 'lift' and 'lil.:k. bite or

shake' the injt:t.:ted pa\\". \\'hL'n ail pa\\s rL'st on th~ !loor. \\'ith the animal's \\'eight t:qua.lly

distributed between thenl. a st.:or~ of '0' is rr:corJeJ (normal). \\ïlen bath pa\\s rest on thL'

noor. but a rat puts nlùre \\t:ight on thr: pa\\ that JiJ not rL'c~in~ the t"ormalin injel.:tion as

I.:ompared to the one that recei\'~d the tormalin. it is saiJ to fa\'our the injel.:ted pa\\" lSl.:ore

'l'). When the injected paw is helJ abù\'e the ground. whether the rat is lying. sitting.

\valking or grooming. a SL'ore of '2' is assigned (·lift"). The behavioural score of '3' is
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n:con.kd wht:n thç inj-:ct~d (Xl\\ is IlCk~d. hill~11 tH' ~hak~n 1DlIbliissnn & D~nnis. 197ï 1.

.-\notht:r pain rt:spl)nS~ li'~qll~ntl: ~l11rlt):~d [t) qLl~lI1ti(: p~lil1 is 'tlinching'. Il1is induJt:s

shaking the injèctèJ pa\\' anJ ~ùl1\lllsi\"~ t1-:,il)11 ufth~ limb. pa\\ anJ.l)f tht: ~lIlimals' \\hul-:

hinJquartèrs (RY3n ~t al.. !llX5: \\'ht:.:kr-:\c~tl) & l\1\\ ~1l1. !l)l)O l.

1.3.4.11 J/e!llotls of tllltllltijictitioll

8~hJ.\·i0i.ir~l.l ï~:ip~·Ii1:'~.'; ~ ..lii hl.: \.1 U ..Lllii i~l.:d i Il ~l:\ l:1~t1 Ji i1~rL'1lt \\ i.l \ S. ~lll1lL'

in\'~stigatL)rs r~corJ th~ anhJUnt ù( tim~ t~Jrl11alill-tr-:~lt~d.1Iiil11:t1s è'Îp~nJ Jisplaying l)ll~ tH'

mor~ L)ftht: bdli.l\'iùural r-:spnns~s 1 [)llhlliSSlll1 & D~nllis. \qe",,: .\bbl1tt t:t al.. jl)l») J. rhis

is r.:fçrrt:J to as \:ontinUl1Ll:-i ri.uin{. and is th~ 111l):-t LlH11monly ust:d mt:thùJ ll(

quantitici.ltiùn \\h~n fa\'ollring. lifting. liLking. biting and ,)r-;!lakil1g hdla\ ilHlr art: llSl..'d tl)

\'.ktt:rnlin~ pain k\'ds. :\n altt:rnati\1..' Il) pain I11l..'aSUrL':-' ..:'.!"'rl..'ss~J in t~1111S llf til1h.' i:­

·timt:-sanlpling'. \\ hl..'r~ b~ha\"illlir is r~Ll1r\.kd at r~glliar till1~ tnt~r\al:-;. and pain :-;(l)r~S Jr~

.::\prl..'sst.:J as fr-:qul..'ncil..'s llt' hdla\ ilHlrs \\ ith r~spl.:l..:t \\ itil th~ tllUl nlll11b~r l)f t)bs~["\ atllllb

(:\lti~r & St~\\ art. ll.)l)~: l'~n~ '-'.: .\hhl1[1. ll)l)~: Llrn~~ll l\\. IllS~ 1. ,\nuth~r I11l..'thud dt"

qllantitic~tion is (ùllnting thl..' nlllnh~r l)f tim~s a Ll.:rtain bdla\ ilHlr is display~J in a rr~­

ddined tinh>perioJ. This mdhoJ llSI.:S mùstly th( t1im:hin~ r~spùl1st: (Ry;jn ~t..ll.. \9X5 l,

1.3...tC :\Icthods of dctcr·nlining pain indices

Pain assessment ml..'thoJs (an rl.:l.:ord a singll..' bdla\ IlHlral r(spons~ to Llblain a pain

score (single measure l11ethoJs l. L)r a (ombinatiol1 l)!" twù l)r more respl1ns~s

(multiple-measure methods 1.

f. 3,~. (.', f Sing/e-lJleaslfre pain a....·''Ic•.'s.·llJlt:llf

Obser\'ing a single bdw.\'iùllf rather then Jistinguishing Jmong se\'eral bdlJ\'ioliral

categories is less demanding and nla~ rl.:pn:sent an ~asi~r-~ù-perfornl task. The :.lmùunt of

time spent litiing (.-\bbott d al.. 1981) or licking (Sllgimoto et al.. 1QS6) tht.:

formalin-treated pa\\' has been used as an index of pain. The nllmber of tlinches has also
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been proposed to be a good indicator of formalin-induced pain. sensitive to analgesic

treatment (Ryan et al., 1985; Wheeler-Aceto et al., 1990; TjfJlsen et al., 1991a, b).

Several studies have analysed pain measures by investigating the dose-dependence

of pain indices with respect to formaI in concentration, and the sensitivity of the pain

assessment method to analgesic agents and non-analgesic drugs with behavioural effects.

Favouring has not been used as a pain index since it correlates negatively with formalin

rtn40:p in thp <::P('(''''H'~ "'h .;:-a ,",r th", t"'st Tt;s .... I('f'\ ............ n.., ... " ....... ,.,. ... n -. ............... "'- :n·"'r _lo --,r-:'-r
___ v V~ ..~& aL 1 u.t..>v 1.&. t&L~I.&.">U.J.~ taU1"" P1UU\,,; lU 1.1 L\,,; -U ~ÇL \Il,;

variability. Lifting does not signiticantly correlate with formalin dose in the second phase

of the test (Abbott et al. 1995). Licking. and particularly tlinching, have been extensiveiy

used as indicators of pain. Abbott et al. ( 1995) concluded that licking is. among the single

_ Flinching (48%)

c=J Licking (10%)

[ffiill Lift + Lick (11 % )

,. -:-: <1 Combination of
two or more pain
indices (11 0/0)

_ Weighted means
score (190/0)

&II Other (1 %
)

•
Figure 1

Methods of assessing pain in the literature using behavioural rating in the fonnalin test.

published in 1997 and 1998.
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pain meaSllres. thè bèst indèx l)f pain. Il \\ ~b Illlll1d td hè a ~lh)Li prèJictor II (lixmal in lhlSI..'

and morphine analgesia and \\'as unat'fèctèJ by ~edati\ e 11l111<malgèsics. Il \\as. !ln\\!.:\ cr.

l)nly marginally Sèl1siti\'è tu l1ul1-Sèlbti \ è ~ll1al~!.:sics L\bbutt ct al.. 19951. \\Î1edèr··:\cetu

8.: Cl1\\'an {1991) analysèd lil'til1~ ~lI1d llinching hdla\Îuurs, l'hey abo conduJèJ that licking

is aftèctt:d by nùn-analgèsic ag.ents that eithcr stimulat;,; llr ..;upprèSS Il)Cl)J11\.)[l)r ~h..:ti\·ity,

Th~y proposeJ that llinching is a better l11è~hllre tll he Ll~~d, Ill)\\':\ cr thi~ categnr::- i)!"

ct al. (Il)l)51.

'inet~ p~n:t:J1[ l)( th.: sciemilic r.:purls Llslng 1,)['m~llîl1 tll induce pain. that \\erè

pllblisht:J in 1997 and 1l)l)X (. \ppendi\ Il. empll): èd hl..'h~l\ Îllural rating tL1 asses t!lè

magnitudè of painful :'lel1Satil1l1. \;';JrI: 1)1I').j lll' the hd1.[\ 11 )llr~L1 r~pun:-i sCl)n.:d a ..;in~k

hd1~l\iLlllral GHègLlI·Y.. \pprll\il11:.lk'l: haIt" ll!' ~li[ belu\ i\1LlLtI studiè~ used l1inchin~

èxdusi\·d:. anJ i.lpprl,.\il11~ltd: 111'1 11 :,cl)[";,;d li(~il1g the i111~'(l,:d P~l\\ f I-ïgurè Il.

!.3 -1. ( , ~ ( '()!11POSilc puill i../S\l'SS/nl'J!l

.\bbott ~t al. ( 19l}51 systèl11:.llicall: ~lI1al: sèd ail Ir~qllentl: èl11pll):èd hdla\ ioural

mt:aSLlr~~, and (onduJL.:J that pain s~l)ril1g I11dhùds that take intL1 account morè than Lll1è

beha\'ioural responsè gèn~rally I.:orrdate bettl.:r \Vith ll)rmalin cOlK~ntration and analgèsil:

treatm~nt. .-\pproximatdy ~Ol) 1) l)fb~ha\il)lIralstudies publishèJ in th~ Y~~lrs 199i and !l}l)S

used t\\'o or mon: bd1a\'iollr~11 m~asurèS. [l)O llllt"the stlldies us~J the \\eight~d means SCLlre

(\\'\ (5) methùJ and 11Il 0 lls~d the SUI11 L)fti me srènt 1i liin:; ~ll1d 1il.:king or biting the inject~d

pa\\', Close (O 11% 0 f the stlldies llseJ 1\\'0 ùf mort: di fk rL.: nt p~lin assessment methoJs.

mostly the number of tlinches and time spent licking 17°0: "\ppt:ndix [)

1.3.-LC.2.i \\'eighted lllè~1l1S scùr.:s

Se\'cral \ariations l)f this I11dhod èxist. :\s prl)pl)Sed initiall: b: Dubuissùn &

Dennis (1997). bd1a\'Îouf is rateJ continuously. and is ~ategorized in fOUf mutuall:

exclusive categories. as they \Vere initially detined: 'normal" (no pain).. tà\"our'. ·lift· and

'lick' (i.e. lick. shake or bite the forn1alin treated paw). The mean of time each group of

18



•• animai:-; :-;pl:nd~ in ..:ach cat..:gllr: i:-; ~1:':-ii~l1L'd ~l \\L'i~hL Ih,-, \\L'i~hts ar..: :-iUPplh..:J t,l aCL,ILlnt

fùrJifft:rt:l1t pain intt:nsiti..:s th..: r..:sp..:Lti\',,: b..:ha\ illur~ indic~lt..:. rhè rain ilh.k:\ is cakulat..:d

by SUI1101ing thè prGJw.:ts tJf the ~ll11L)Ul1l L)[' lim..: in ":~l(h h:ha\'iL)ural cat..:gury \\ ith th..:

\\t:ight assign..:J tü th..: ..:at..:gllry. DubuisSllll & D..:nnis ( 1q771 assign..:d \\..:ights 1. 2 and 3

to fa\'L)Ur. lift anJ liek. r,,:spL'cti\t:ly. and pruplls..:d that [h..: pain indt:\ h..: Gl!Lulatèd in the

tollo\\'ing \\'ay:

l ';, r _':i< r. - 3" r ~

p~lIn ,,~ -----~----~----------------- .

II lui li 111":

(Fq. I}

•

\\I1('re T,. T = ~mJ T: ~lr..: ti I11L'S :-ipè!lt 1~l \ ,'uri I1g. 1il't ing :.Uh.f !i~hlIlg. I\"~ l''l.'\.:t 1\ ..: 1:, Ll \ 11L1rl11~

\\as thl)Ught III r..:tll.'ct 11)\\I...'!'. ~md lit'ting ..1Ih.1 lickil1g pr\)~rL''''I\ l.'1: hl~ih.T. IL'\ds dl' pain.

\\'atsLJI1l.'t al. ( l')l)-) l'rUplhl.'L1 .l ..lifkr('!lt ~lSsignl.'Il1l.'l1t ~ll'\\ L'ights: o. 1 ~ll1d':. t~)r thL'

m~ans üftim~ Spènt fa\'Ollring.lifting ~llld lid~ing. r,,:spl.'Lti\..:I::

lM [.- ':*1',

rai n = ---------------------- .

tl1tal tim..:

where T~ and T: ar(' ml.:~lI1S nr tim..:s spènt li l'ting and 1il..'k ing.. rèspècti h~ly, rhè slim llf

weighted means are supl.:rÎL)r tl) ail ~il1gl~ m~asl1r~ ll1~tl1l1l.Js (CLl(l~rrt: èt al.. 1\,)93. \\'atsùn

t:t al.. 1997: :\bbott d al.. IlJl)5). \\"atsùn ..:t al. 11l)l)71 ~ùmpart.:d thl.: \\~ig.hts proposèd b)

Dubuisson and D~nnis ( 1977: 1.2..3) lù th~ \\'~ights 0.1.: and ~ondllJ~J that the lattèr art.:

optimal weights as detèrmin~d by P~arSl)n'S I.:l)rrdatiùns and I11ultiplè rt.:gression ~malysès

ùbtained from beha\'ioural studièS l)( t~)rl11alin-indllc~d pain ~mJ morphine ana[g.~sia" This

conclusion is ob\'iollS. sinct: indusion ùra \ariabk that l..'Orrdatès negati\'dy with tormalin

concentration will necessarily reduce the \'alu~ of r .
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1.3.-1-.C. ~, ii Sill1pl~ ~lIm II t' 1l1~~ll1S

:\ ~lInll)( m~~llb llt" lim~ ~p":l1t lilùn;; and !Îd\'it1~ 1hl..·h~l\ Îllllra! Lat~gt)ri"::-l 2 and ).

Dubuisson & [)~l1nis. 19ïï) ma~ alsu b..: L1s..:d ~lS a pain il1d~~. lï1Ïs llh:thud app~ars tL) b..:

çqllally \'alid as th~ \\"çight~J m..:ans m..:thud (.-\bbntt d al.. 1l)l)5: \\'atsnn ~t al.. ll)l)/l. In

lht:üry. this m..:tlll)J 111ay. hu\\~\..:r. f~l! 1 illll1 th~ Lal..:gùr~ ~ Il' \\ ..:ight..:d rn~ans. \\ ith '.\ ~ig.hh

D.I and 1 LLHT~Spl)(lding. III hdla\'Îllural (at..:g()rÎ ..·~ l.~ ,1I1I.i~. r..'sp~cti\L'I~ 1\\'ahllll d JI..

13 ~, ( . J .1 Lill )JJl(IlL'd 'TslL'nl\

.\n alt~mpt !las b":L'1l 111~ld~ in r..:c..:11t :- ..·~lr~ ll) d..'\ ~l\lp an alj[l)lllat~J ...;ystt:m Illr

lktèrmining th~ pain int":l1:-iil: in thL' t~lrtnalil1 k~l. Ihi~ h ;'Irll11arïl: I.lu..: tl) lh..: I~l(t thal

manual scoring is tinlC-ClH1:-;uming. \ll1...;t ~(L)ril1g l11":lhlld~ Ll:,,~' (llnlinlllllb r~lljn;; (s..:..: Llhk­

Il. whù:h lml: rcrn1its l'n..: dr t\\ll sllhièClS III h..: k~k\.l 'Imult~iI1èl1LlSI:. In aJditil1n.

continlllllls car~flllllb~èl"\ ~lli~lll ufth~ ~ll1imals is ~l dèmalh.lil1:;. \ l~i1ant tas"-. RL'curJing. th~

nlllnb~r 01' nind1ès Juring th...: lL:-Itillg p\..'riud I.lu..:s Ihlt rLq ui r\..' (I..H1tinlllllb r~l.:urdi ng lli'

beha\'iollral coJt:s. H()\\'~\'~r. il do~:-; r~qllirl.: ":llntinllUlIs lll'\~~:·\ atil.Hl anJ dl.1":s nl.1t rèrr~Sl.:nl

an in1pro\,çmt:nt ù\'cr tim~ sampling in tcrms IJI" sa\'ing tim~.

Tht: tirst autL1nlat~d syst~m \\as d~\dl.lp..:d by J..:tt & \ 1i~hdson ( \996). .-\ftcr th~

tûrnlalin in.i~(lil)[1. rats ~lr..: p!a(l.:d in a ckar plaslil: mbl.: 1h (m in kngth. \\ilh an int~rnal

diameter of 8 Lrn. Thç apparatlls rn~aSllr~s 'Jynamil: l'l1rcl.: cl1angçs' (Jeu & \lid1ebl..ll1.

1996). and records it alltomati~Jlly as a sing.I~·mt:asllrL: agiutil'Il index. fht: appar;;lllls ~ i~IJ~

a bi-phasic. dùse-dependent ft:Spl1l1S": tll ti..1rn1alin and is SlIsl:..:ptibk [0 analgt:si( agçnts. and

the results obtained by thi~ l11L:tl1lld "I.:~m lI.) ht: ~llnsistl.:l1t \\ ith a manual sl:oring methoJ.

Howe\'er. tht: pain inJex is bas~J nn a sing.k paramL:t~r (agitatil.Hl). and can not n:soh'e an~

specitie pain responses (1011rJan ~t al.. 1997). In aJJitilll1. il is likdy that seJati\~ nl.)n­

analgesic agents \\"ould appear to proJul:~ analg~sia III a s\ stenl Jçtçrn1ining pain h\

measuring agitation.

..-\ second autonlated apparatLis \Vas introduct:d by Jourdan et al. (1997). :\ C~llTh;~ra

\vhich records the rats' bd1:.l\'iour. is connected to a conlputer. The computçr analyses the
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il1lagçs continuollsly crr;:at~d hy th~ C~lJl1l:ra. I"!lis syst~111 is ~llm~\\hat s~nsiti\r.: ll1\\arJ~

pain-~p~ei tïc ~lI1d gt..:n.:ral b~!la\·iL)llr~" (J rl't'min:;. [icki ng llr hiting can h~ l.[isti nguish~d fn)m

IIJcomùtùr acti\ity SUI.:h as \\~lIking ~lCn)SS thè tèsting Ch~lJ11b~r. Lik~ th~ alltl)J11attxi syst~m

by J~tt & \lichdson ( 1L)l)6). th~ apparatlls proJlle~s biphasic pain inJic~s cÙll1parabl~ to

thosç dçtçrminr;:d by manual sCL)ring. both for Jifr~r~nt tl)rmalin concèntratiol1s and

analgr;:sic treatmt:nts. Tht: allthors l)l' buth alltl)l11~ltèJ dè\ iLèS prèSèrH thèir il1\èntÎùns as

~it:~lri: ~tJ\~tllldgt:ULl~ U\ ~r lh~ l1lalluai 'lCllring l.ièsig.lb. ln tilat tilè seUrIng. l:-i CLlmpktd:

llbjècti\è. Joes not reqllir~ in\~srigatllr< pl'l':S~I1Cr.: l)r p~rt"l\rl11~lI1Lè Llt\ igilant tasks. ~lI1d that

many ~lIlimals can b~ tèst~d Sil1l11ILlI1~dllSI: l.1I..'tt & \Iichksl)ll. 1996: .fLllIrJan ~t al.. [9'-)71"

1.3.-1. [} Qlltlllfijic:atioll ofgt!llt!raf bt!I1(/\'itJur

[n aJdi tiu Il III pai 11-:'II"~c ilie hl.'ha \ illurs. St.:\ r;:ral 'ItLll.lk's ha\ ~ .ltt~lll plet.! tn rt:curJ

h~h:.l\"iL)llral r~Sp()nSèS llth~r than thl)S~ LlSèd tn aSSèSS thr.: lt.:\ t..:ldfpain. "'l1ch ..lS ~:\p[l)ratil}n.

groùming. motor p~rtlllln~lI1l.:~ ~tl.:, (Tjl'I:-i~11 d ~ll.. ll)'-C 1. S~l)ring I.:hang~s in g~n~ra[

bdlJ\'iollra[ pattt:rns may prl.1\'ld~ \ al uabk in10rmatlùn ~Hl tilt: d'ft:l.:t l)f Ji n~r~l1t [~\ ds Ll r

pain on gt:neral hdla\"iulIr, C~rtail1 chal1g,,:s in gènt.:ral hdla\ itlllr ma: ~\"~n b~ inJil.:atin: of

the le\"~1 ofpain (.·\bbott ~t al.. 1l)l)5), [n aJJitilJn. sllch infnrmation 1.:~111 Jisc[os~ siJ~ r;:n~cts

ofdrugs being tt:st~d in th~ lorma[in paraJigm. slleh as :-i~dati\t: ~nects of Llpiatr;:s (:\bbott

~t al.. in pr~ss J.

\\'hethèr pain is bèing ass~ss~d b: m~ans Ill' cLHuinllllLls rating tll llbtain a singk Llr

compositt: pain scùrt:. or by mr;:ans llf eounting of t1 in~hl.:s. tltht:r bdlJ\ ioural m~asur~s can

only be scorçd with difticulty..-\bhott l.:t al. ( [995 J \'iJèl'tapt:d forma[in t\?sts whilt: pain

behaviours wÇr~ scort:d. and n:scort:J ùth~r hdl:.l\"iours by llbs~r\"ing the \'idt:ùtapt:J footagt:.

Fameslow ( 198.+) useJ a ti mt:-sampl illg. proeeJun:. \\'ht:n.: a rat" s beha\"iour was r~corded

at rçgular timt: inten"als. 1r a pain spt:ci tic bdKl\"iollr \\ as Jisplay~d (lifting or licking J. a

'recuperative' score W:.lS assigneJ. and if not. general bdl:.l\'iour was scor~d (fr~~zing.

grooming or rçaring). Tht: sum of rt:ellp~r~1ti\"escores sen"ed to compute thç pain index,

Ta measur~ thç eft"çct of pain anJ pharnlacùlogieal agçnts on general bçhaviour.

other methods hn\'e been usr;:d. sueh as mèasllring cardio\'ascular parameters (Bhatnagar çt
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al.. 1998). or th~ rotoroJ t~st ofl1ll)tur p~rtlJnl1aJ1C~ ~Sil11l11L)(lS ~t al.. 1995). In th~ C.1S~ l)(

th~ Iatt~r. pain l:an not b~ 1l1~asur~J CÙI1l:ol11i l~lI1tl~, CarJil)\"aSl:l1lar paramLtèrS can b~

mèJSl1rèJ simllltan~ousi y \\ i th rai Il l11è;lSUrCll1èl1l. hd\\ ~\ ~r not \\ ithollt ~ùmpl icating th~

proct:dur~. \\'atson t:t al. ( ll)l)7 1 ll1èasurèd a~ti\'ity I..luring (ormalin tèsts using ultrasonic

mo\"~nl~ntdètèctors. .-\lthnug.h this proceJlIr~ Jo('s (11\)\ id~ a rnt:asurt: ùfactÎ\ity. lhè output

is Uni\~lriat~ and nùn-spt:l:itic. and n':LJllir~s ~l)stl: èqLJiplll~l1t. Tht: autnmatèd ~: ~tèm h:

JùtirdJii ~t àL i ~(-}97i PlU\ idL":'l d ~il11iiar Ulltput ~lt1d 111~1: .lhl) t1~ tÎn~lI1cl~lIh Ul1t~l\ourahlè,

1.3.-tE Parel/lIelers aJJà:lillgJ()rJlltllill-illtlUL't!tI paill

BèhJ\'iùural rèSpl)rb~S tn t~)('malil1 trè~ltrn('11t Il.[\''': h('t.:11 sho\\'n hl \'ary \\ith th(' sitè

ùf injèction. thc \'ùIUl11t: anJ cdncèntratil 'Il U f t~ 11'111.!/ iIl. anJ amhi('nt tèm pt.:raturè. In

aJJition. tht.: t~lIniliarity llfth(' suhj('Ch \\ ith th(' t('still~ .::1\ :1\)nn1('nt has bt.:t.:!l Shl)\\n ll) ha\('

an dfèCt un th~ h('ha\'ilHlr~t1I\:'Îrlll1:--~s, ,\ppèlh.li\ 11'1'1 1\ :~ks intl)rmatiul1 dl1 tht.:se.: \'ariabks

in r~cènt stlldic:s t.:mplùying. 111(' tl)rtl1alin lest.

13. -/, E, Î .\Îlt! (Ji ÎJl;l'Cf ion

Formai in has bt.:~11 inj<':l.:tl..'d SUbcllt~lll~llllsl: 1I11~' both fOrèpa\\ sand hinJ P~l\\ s.

Initially. tht: fùrèpaws \\'crt.: llscJ 1Dubllisson & D~nnjs. 1977). How~\'cr. tht: ust: of hinJ

paws is preferred. sinct: li~king ùf tht: hinJ paws rard: ~)l:l.:lIrs dllring normal grooming

behaviour (Tjols~n et al.. 1992). Formalin may bt: illj(,l.:t('d èitht:r in the dorsal or tht: plant~lr

surface of the paws. Pl:Jntar injl..'ctillns prùdllc~ 1l11)r~ l'ain than dorsal surfal:c injc(.;tions

(Ncoh et al.. 1992). In rats. formalin is llsllal Iy inj<.:~tt:J illLO tht: plantar surt;Ke ofa rear pa\\

when licking. Sllm of lifting and licking.. or \\'~IS i:-; llst:d as the indt:x of pain. \\ï1t:n

tlinching is scored. in\'estigators inj~ct tonnalin in èitlll.:r tht.: dorsal or plantar surt~lce of a

hind paw (see Tablt: 1). Fùrmalin has also b('t.:n lISèd III stuJy orofacial pain in tht: rat. In

these studies. formalin \\as injt:l.:tl..'d intl) tht: lIpr~r lip 11.uccarini t:t al.. 1998: CaJct d ~ll..

1998).



•• Formalin-indl!~~d pain inLr~asès \\ ith t"l)nnalin I.:dlh.:t:ntratinl1. rh~ \nlum~ ul

inj~Ltion us~d rang.~s l'rom 1Ù tù 200 ~L1 (:\ppt:nJix 1).lh~ nllbt L0ll1tlllH11: llSt.:J \olum~ or'

inj~Ltion is 50 ~d. Th~ con~t:ntratil'ns ha\~ \ari~J gr~atly. and ha\'t.: b~~n as high as 100 ~d

of 12°'0 (equi \'al~nt LL) 2-+° Il in 50 pl: \ lachdska t.:t ~ll.. 1997 J. anJ as 10\\' as () .25 0
0

(Takahashi cl al.. 198-+ 1. Tilt.: l11t.:an ùHh.:t:ntration l) f l~)rmal in llSt:J is 501-+1) Il l standard

formalin conL~ntratilH1S in tht: litt:r~lturè pLlhlish~d in 1l)q- .1I1J 11.)l)S 1:\pp~ndix I}.

/ ,J, -1. i-." i ii o,lm il iL'lll (L' JJl/".'!'" (li r ...'

Tt.:nlpt:ratllr~ l)f th~ tt.:sting èl1 \ irnnl11~1lt aft"t.:cb th~ pain :"ILL)r~s int\:rrt.:J t"n)[n

bdlJ\iùural tt.:sting.. ,\11 incr~as~ in t~l11p~ralLlr~ iI1Lr~~h~~ thl..' pain 'iLllrè~ (.\bhun ~t aL.
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Formalin concçntrations used in scientitic reports using the formaI in test. published in 1997

and 1998.
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1995). [n partil:lliar. thl.: Sl.:Ù)11l..1 ph~lSI.: t) l' thé lèst i ~ ~L1îel:kd. pruhahly hl.:GIllSè l~ t" thè èl't~l.:l

l)f tè111pèratlU'è lm periphèral hllltld ild\\ .. \n inl:rl.'ase in lI.:l11(lèratllrè ilKrèasès pèripheral

blood tlow and helll:è prOIl1Lltes thè dè\~iL)pl11~llt ut" intbmmation (Tjl,lst:n èt al.. 1992).

1. 3. -l, E. il' .'Ùl' l!S....·

Strèss has bèen :-;hl)\\ n tt) del..'rl.:aSè pain ~el1salillll in humans and bhllr~ltl)r: anill1al~

(Terman el ai.. i ,i~-+ ,. Rats lhal are ùmi i iari/ed \\ i th lih: ;', )nn~1Î in ~lrparatLh prInr tt) tllt:

testing sl1L)\\ higher pain n.:spnnSèS. as (llmparèJ tl) lhlh~ that are I.:,\,Pl)SI.:J Il) thè tl.:sl

el1\'ironment t,x the tirst til11è \.. hen testèd. Sim ilar!:. r~1b lhat are rl.:strainèJ Jllring the

bèha\'ioural s(nring may shu\\ kss pain thall thllSè \\ hu .1rL' not rèstrainèJ sho\\' that thè

nt:urol..'hèlnil:al bases l) l'the pain red lll..'tit 111 rl\KiUl..'èd by tL'still~ i Il ~m un t~lIni 1iar en\inmmem

are silnilar to thl)sl.: mèJiatin~ tilt..' èn~l..'ts Ill" rèslraint. ~lr.:"'''; ,,[ll~ Il) nt l\ 121 ~n\irUnl11~llt \.)r

restraint are ht..'lie\ t..'J IL) ènhal1l:è endl)gL'lll'lb rail1·";LlpprL''';'''II1~ 1l1l.:(h~lI1isms" ~ènHt)n~r~ll."

anJ èndùgènoLls l)piale s: stems appl..'ar Il) [lb: a rl )[1..' in :-,tr'::--:-i-llh..illl.:ed analgesia (:\hhutt el

al.. 19S6a l.

1.3.5 Adyantugcs of the fornlalin test o\'cr othcr animal pain roodels

Tht: pain paradigms llSI.:J in in\~stigations l)f l11l.:l:h~ll1isms of pain and analg~sia

should bè l..'host:n lH1 the hasis l) f ~i mi bri til.:s hèt\\ ~~n th~ nl )\i,)lIS stiml1latiL)n and the natllr~

of the painful expèriencl: in the ~xp~rim~l1ts and the dinil:al probkm bt:ing adJr~ssèJ"

Different noxiOllS stimuli may ~\'ùkè din~r~nt pains by al..'ti \'ating diftt:rent physiologiLal

and psychological process~s (\klz~Kk & \Vall. 1t)l)6). \ (l)st l:ommonly llsed animal pain

tèstS. like the htJt-platè and tht: tail-tliLk tl.:sts. apply brièf. transient painfl1l stimuli. The

threshold of pain is mèasllr~J rath~r than tilt: quaI ily and quantity of thè painful sènsation.

In addition. the animais han: to be n:straineJ during th~ prl)L~dLlre. Jnd they ha\"e (ùntrol

over the noxious stinlulus (Dubner. 1994 J.

The formalin test in many ways mimil..'s al:llte dinil:al pain that would be indul:eJ

by tissue injury. The animais are not restrained during testing procedures and do not haye

control over the noxious stimulus or duration orthe painful experience. [nvestigators who
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ha\~ \nlllntèèreJ tn experielll:e the li)rlllalil1-indu(~d pain ha\ è ~ksl:Îih~d it as initi~1I1:

hurning. thèl1 Pl)Or!: llKalizèd dèep pain of Ilhkkratè inll.:nsit~. rhè sitè df ti~sl1": injllr: is

surrounded hy ~1 regiun \\ hèrè miki spl)nt~ll1èL)LlS pain anJ hypc:raesthesia Lh:cur (Franklin &

.-\bbott. 1989: Dubuissuil & Dènnis. 1l)771. ln additiL)n. the tormalin-inJucèd pain is limited

in duration (pain generally dOèS nut pèrsist more than t\\L) huurs after injection è\'en \\hen

high doses of the irritant are ~ldministcr~d: Dubner. 1l)9~). !île tissue injury assnciateJ \\ith

prolongcd Jistress ur systè1l1ic èllects. l"his paradigm thèrèt"L)re prcsènb fè\\er ethil:al

cùnccrns than uth~r animal ll1Lh.icls ll( tl)I1iC pain.

1.... OBJECTIV'ES

adJrèsscJ. The purpusc lll' in\'èsl igatil)IlS \\ as tl1rèdiJld. II1ltiall: ...1 ti I11c-"alllrl ing n1etlhld

ùf bd1;l\"iùural rating \\as illtrl)duccd. \\ hich \\llUld he è~bièr tL) perfurm and more rime­

è rticient. and \\\)llld rèl:l)rd rai n-sp~c itic as \\ cil ~b ~Ln~ral bd1~l\il)llral r~spons..:s

lExptrin1~nt Il. rh..: n..:,," mètl1LlL! \\as \"alidatcd anJ then LlSèd to ~xaminè aIl formalin­

induced beha\'iours o\'er the rang..: of tormalin concentrations most commùnly I.:mplù~ I.:J

(Experiment 2). Finally. the rd~1tiùnship bètwe~l1 morphin~ analg~sia and fnrmaIin-inJuced

pain was inn~stigated (Exp~riment .3).
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Chart~r 2

lVlATERIALS ~~ND lVIETHODS

The methoJs that apply tl) aIl I.:xp~ril11l.:nb ar~ l)Lltlin~d bl.:lll\\. DL'tails Id' makrials and

methoJs that apply only tLl indi\'idual ~:\p~rim~nb :,lrl.: d.:~(rihl.:d in th~ ÎnrrudllctlH': Sl.:ctil)1l

Llf ~ach ('xpl.:ril1ll.:l1t.

2.1 Su bjects

\ lal~ Lùng E\'ans rats \\('rl.: llS('J in ~d 1~xp('rim~l1u[ 1"'1"1 \CI.:JurI.: s, 1"I11.:Y \\ ~rL' llblail1~d

fron1 Chark~ Ri \~r. ()lldi~(. l'hL' \\ .:ight d f th~ .1n imab. \\ h.:n I\~(..:i \ ~d. rangL'd t'rom 1~ll

ln 2l)() grams. rh~: \\~r~ Ih'L1s~d. t\\d dl' thrl..' .... pl'r C~l:;l..'. !ll J (1)lnn: rLhl!l1 \\ith st~llh.brl.l

li\'ing. canditil)ns. anJ a 12-hLHlr light 12-11l'llr dark cyck \\ ith lighb l'[1 at ï am. h)ud and

water w~re J\'ailabk ad IihilllJJl. :\11 ~:\pl.:ri lll('ntatilll1 ~lI1d .ll1imal handl ing \\ as cnndll\:kd

Juring the light phase nt' thL' animal's c: cil..'.

2.2 Ethical Considerations

Ali animal procedllrl.:s w('r~ apprl)\'('J by thl.: EthiL:s Sllhcommittt:è of thl.: .·\nim;11

Facilities Caordinating Cammitt('(' Llf \kGill lIni\~rsity. and for the highL'r formalin

concentration in thL' abst:nct: L)Lll1algL'sia. by th~ .\nimal Faciliti~sCùordinating CL)mmittù~,

These committees operate llnJ~r th~ glliJdin~s ùf the Canadian Cùundl of Animal Care.

Care was taken lo minimist: the JmOllllt ofinduceJ pain and sun~ring ta the animais

by carefully planning the experiments. Thl.: small~st pllssihk nuo1ber of subjel:ts was

assigned ta each treatment group. It \\as agr~eJ \\ith thl.: ,,\nimal Facilities COllrJinating

CoolnlÏttee that any r~lts thm contir:ued ta display cnntinlll)US pain bdlJ.\"iollrs tl)g~ther \\ ith

agitation for more than 3 hours would be imnlediately withdwwn l'rom the experimt:ntation

and have a therapeutic dose ofmorphine adnlinistered. Hl)\Ve\'er. this was n~\'~r necessary.
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2.3 .-\nimal handling and habituation to the tcsting environnlcnt

L' pùn arri\al to th~ ~OllH1Y rùl)l1l. animab \\~r~ ~dll)\\~d to n:st fur t\\ ù Ja~ s..\ ft~r.

rats that were to be tl?sted \\ ithùlIt habituation w~rè ktt unJi~turbcJ lIntil thc tcstin~ Jay.

ThoSè that \Vcrt: tL) bc tcstt:d ati~r hahituatilll1. \\ ~r~ hroll~ht h) tht.: labl)r~1tùr: anJ introduct:J

to thc fonnalin apparatus IlH a pl:ril)ll urt~1l tl) lilk~n l11il111t~S lm ti\è ù)[bè~uti\'~Jays. On

th~ tirst thre~ Jays th~ rats \\t.:rè plac~d in thè formaI in hl)\.~s. t\\ l) or thr~è at a timè (saml:

as in housi ng arrJn~Cmènts 1. and lHl tl1~ Jast t\\'0 Jays ~: 11~ly. :\ S\\ ~d (r~~lt \\ as rIac~d in

th~ torn1alin bl)\. tL) Sèn'è as a rllSi(i\~ r\.'inl~H'c('r (l) th~ (~:,(il1~ ('11\ irl llll1l('nt. [n adJitilJl1.

imn1t:~Jiatè è~lling llf th~ [r~~lt indiclt~d .1 "<lti~l~lLll)r: k\ l.:!l)( LllnI!iari(: \\ ith (h~ tlJrmalin

~lpp;..lratLls.. sin~è far:-; "'illlll)t ~at in ~llhl\èl dl' thrèat('llin~ èl1\ irnnml.:nl.l.:\~n \\hl:11 l~h)J·

d~pri \cd 1BroaJhllrst. 1L):'-::-1.

It has h('~n SllLl\\n that th~ i~)rl11alill tèst Lan b\.' r~r'l.:~I[l..'d llll (hl: 11[l1èr ra'.\ l)f(h~ :-.al1l\.'

animal. prùJucing \ irtlla!l~ th(' ...;am...' r~sllllS (\ btthi~s l\.: l·r~lllh.lil1. 1qq:~. [·h~r~I~H'('. hl.lth

hinJ pa\\s or~a~h rat \\~r\? Lb\?J ~:\~I..'pt (llr rab that r\?l.:l..'i\('d ll\\?r 2.:'Il'J 1~)rl11alin ..-\nimals

th~lt \\èrè t~stèJ un bath pa\\ s \\ èr~ ~t111l\\ ~J tu rl:~L)\l:r t"l)r t \\ l) da~ s at'kr th~ rirst tormal in

tèSt. ilnd \\'er~ gi\'èn ilnothèr thrè\? habituation s~ssi()ns. I.)n(' rat p\?r tl)fmalin bo\. priL)r tLl

testing on th~ second pa\\'. Rats \\~r~ kiJl~d using carbon dioxide intù\ication aftt.:r th~ Iast

tormalin trcatm~nt th~y r~Cl.:i\·èd.

2.4 Drugs

Dilute conc~ntrations Gf tonnai in \\èr~ pr~par\?d frLlll1 a 37° Il t'Jrn1akh:h~dl: stll~k

solution containing 10° Il l11~th~mlll az-; prèsèryati \.~ 1Fischèr SLiènti tic). The .3 7° Il

formaldehydè carr~spand~d to lOOU Il formalin. and \VilS Jilut~d with a stèrik. prèser;ati\,è­

free physiological saline solution (0.90
1) :\aCl) to yidd th~ J~sirèd concentrations of

formalïn. which ranged l'rolll 0.5 ta 13.75° o. (njèctiL)n \ I.llum«: of torn1alin solutions \\as 5n

pL. \lorphin~ Sulphate (gi ft ùf Sab~\. QU~hèC) was Jissol\èd in sh:rile \\'ater to proJuce

morphine conc~ntrations ranging from 0.25 to 8 111gJml. [nj~ction \"olume \Vas 1 m[ kg.
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2.5 Drug ad n1 in istl·a tio n

h)rmalin \\as in.i~Lt~d sLlbLllt~lI1~lHlSI: illll) th~ pLll1ur ~urt~lc~ in UI1~ ùrth~ animal's

hind pa\\s with a 30U ~d Jisrùsabi~ insuiin ~:Ting~ \\ith ~1I1 attached 2L} Ga. n~edk. \\'hik

th~ rat \\'as lightly r~strain~d. th~ pa\\' tL) bt: il1ject~d \\~b nurKt:d t'or ~asier l)bs~l"\atinn. lh~

nèedlt: \Vas thèn 1J1s~rt~d intu th~ pa\\ anJ l'lin :'l)strall: 1I11dèr the skin 1'l1r at least 5 Illlll, 50

~L L l1f th~ apprl)priat~ ti)l'lnal i Il di IUt!l)l1 \\ as in.i~ct~'d. 1ml111..'diatd: t'nlll)\\ ing the ini~ctilH1.

th~ rat \\as plac~L1 lntu the ùHlnalill t1L1:,\. and the scùrlng t1t::;'~1ll.

\lorphin~ \\as aJnlil1ist~r~d SllbcLlt~Lnl.:lHlSly11l1dL'l' ihe -;kin l)t' th~ rat's baek. \\ ith a

1 cc s:Tillg~ and a 26 : : Cla. ll~~Jk. ~() l11il1tlt~s hd')rl.,: th\..' inièctil1n l1f l'l)rmalin tl) aSSllr~

that th~ peak ~ft~ct l)t' lllurphil1~ \\llllili l)CCUr ...Iurin~ thL' '..:C\ 'll...! rhas~ l)r" the tiJrtllaiin t~st

{:\bbott et al.. 19Xhb l.

2.6 Behu\'ioural I~ating

Th~ fùnnalin t~sts \\~r~ CUlh.luCkd in ~(l CI11' ~(J Lm ~() cm ckar pk:'\igbss hl)'~S

tù allo\\' \'iSll~ll ùbs~l"\'atiL1n l)( th~ :-illh.i~ch' bdla\ lU ur. .-\ lllilTllr \\as placed llnJ~rn~ath tht:

glass t100r at a ~511 ang[~. tù al1l)\\ an tlnL)bstrllct~J \'i~\\ l1fthe pa\\~, Th~ rat~r IJbs~["\~d the

b~ha\'iol1ral responses tü administ~r~d ag~l1ts and r~con.kd thèm by ~ntèring bdla\'ÏL111raJ

~oJes inta a persl1nal CL)ll1rllt~r. l\Hl1pllter rrogran1s t'l)r ~ontinuOllS rating and time

samp[ing. wer~ \\rilt~11 b: IIillHl1a PI\)g.ral11ming. [ne.

2.6..-\ Continuous ruting

This method of bdla\'ioural rJting recorJs rh~ ~ll1ll)unt of rinle the rats spènJ

Jispiaying beha\'ÎOllrs cùtkd in ml1tllail~ exd u~i \~ cat~g.l)ries. To allo\\' analysis ù f th~

time-course of behu\'ioural rt:spons~s. th~ t~st \\as Ji\id~d into tï\'t~-minute bins. The

nunlber of animaIs tested by this mèthùJ is restrict~d tll t\\l1. since it is not pùssibk tl)

follow continllollsly Jnd dosdy th~ bdla\'iours l)j" mL)r~ than t\\Ll aninlals. and al the ::iam~

tÏme record bdlu\'ioural coJ~s in the computer.
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2.6.B Tirnc-Sanlpling

fhis :-;(llring m~thl1d r~li~~ ~ln th~ ~lati~li(al prilll.:ipk (hat lh~ lil11~-l.:uurs~ and rati~)

t)f b~ha\'iùllrS Gll1 b~ d~dlll.:~J frnm l)b:'i~naliLlns l)f hdlayillUrS :'iampkJ al r~gL1lar lim~

inten'ais. The ~omput~r \\ as programm~d lo prodll~~ a ht:~p that was ùnly audible to {h~

rater - i.e .. olltsid~ the hearing rang~ l)f rat~ - at pr~-ddil1~d tim~ int~ryals. :\t {his tim~ th~

rater entered the beha\'ioural l:lldl:?S that J~s(rih~ th~ bdla\ illur 0 f th~ rah al lh~ til11~ Ll (lh~

the pain scal~ id~ntil.:al tl) th~ lln~ l1:-i~d in I.:L)ntil111011S r~ltin~ \\ ~b lls~J, (hl a Lli n~r~nt axis

a s~ah: \"as ddined that d~s~rih~J. l11or~ ~~n~rall~. thl.: bd1a\ iuural sLik tir th~ animal.

2.7 Data analysis

Furmalin-indlll.:l.:J hd1a\ i~lllrs rllr th~ 1.:1ll1tinlllHb utln:; I1h:tI1l'1.1 \"~r~ ~xpr~~s~J as

p~rct:ntagl.: of tim~ ~a(h hdla\ illllr \\ a:' di :';J1la~ ~d \\ ith r~~r'I.:(t \) f th~ tl lul ti 1111.: in a bin 15

minut~s). Time-sampling S(L)r~S dt" ~a~h bdla\ iL1uraI r~srlHb~ \\ ~r~ ~\pn':ssI.:J as th~

proportion of tht: total nllmh~r dl' \)hs~n ~ltil)[b.

The ~ftt:Cl {) ft'l)Illlalin was ~\pr~ss~d as r~I\:~nt max imal pllSS iblt: ~n~ct (00\ 1P[.:) accùrding.

to the following tl)rmllla:

1 E - E.
111rl

}

Il 1) \ [P r: = ---------------------- .

(En•l \. - E:11::1)

where Emin \Vas detin~d as 0 (Ill) pain). F:11 •
1
\. as th~ tl)tal pnssibh: amounl L.l beha\"iour can b~

displayed for conlinliOLlS rating. and tht: total nllmb~r ofL'bs~n'ationsfor time-sampling. and

E as the SUffi of time each sllbj~cl sp~nt lifting and licking for continuolls rating and total

number of obsen'ations of lift or lick for timt: sampling. \lorphine analgesia \\as

determined llsing the same formula. Emin \Vas detined as the me3n pain score of contrais

receÎ\'Îng no morphine and lhe san1e formalin concentration. and Ema-.; as 0 (no pain. i.e.

maximal analgesia) .
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T0 estimate tonnalin and 1l111rphill~ Jost:-dïù.:t raranl~trt:s ( \ IPE.:, and slùpe 1 a

jackkniting prL1C~Jllre \\as Llst:d. Tht: latter i~ an ÎlèLtti \ e procedure that cnmputl.:"i an

Llnhias~d estimatt: 1) f th~ \ 1PE.:, and ilS \ ariabili t:. b: [Il terpùla[in~ l)n a dost:-efkct linl.:

tttteJ to the: ra\\' data pnints hy linçar rl.:grl.:ssi'H1..1:' \\ 1.:11 as the slopl.:. D~tails IJf the

procedure are Jescribed in .\bhutt t:[ al. (i n pn:ss 1.
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\/~L\LIDATIÜN OF THE TIl\tIE-SAi\tIPLING

LVIETHOD

3.1.Â OBJECTI\'ES

l'ondllctll1g th~ lormalin tl.:~t i~ a d~Ill;.lJh.iing. \i~iLlI1t task. Cl)l1tinuUllS n1Lll1itl)rin~

llfbd1U\'iour is not ùnly Jini~lllt. but ~l!Sl) r('qllin.:~ that a :-iIl1~dll1ull1hl.:r l)( ~ll1il11als ar~ lI.:st~d

al ùn~ tirll~. \\hich l11ak~~ llbtail1in~ r"-':-jult:, tim~-~tlIlSllI11il1~. 1[1.:1'(' \\ "-' ilHrllJllc~ a timt:­

sarllpling nh:thl)J \\ Il ich r~Clll\.1s bdla\ illllr~ inst~llllan('l lu .... l:, . .lt rt:guLir t1ll1t: intt:n ais. l'his

alk),,"s that mllrl.: than l)[lt: hdla\ Îllural CllLk' Îs r~curJI.:J !'L.'r ,.1njl11~tl. \\hich p~rl11its u.... tll

:'icùr~ l)tht:r bdla\illllrs. slIch as Il)Clll11utl)r acti\ ity. ~Xplllnl1~. grPL)l1ùng. s!L:cping I.:lc rh\,,'

scuring llf aJditiLlnal Lluantiltabk b~ha\ illurs \\uuld prll\ il.k.t l11ur~ I",'dlllpll...'tl...' Jcscriptiun

ùf thl...' bl...'ha\ il)ural n:spùns~ td t~ lrl11al in and l )tl1l...'r trl...'~Hl11l...'l1ts.

Th~ tim~-sampling l11L.:thuJ \\as \~t1iJatL.'d by Llll11paring. bL.'ha\·iollral rCsptmsl...'S LIt"

t~l\"our. lift and lick. shak~ llf hit~. as tht:y \\L.'f(, rl.:cl)rd~J \\ ith thl.: cl)ntinllOllS scoring and

the time-sampling n1L.'thoJ. Dosc.:-dTt:ct rdatiLlnships f~Jr formalin and n1ùrphinl.: \\t:n:

~stablished 1'r0l11 Jata SL.'ts uhtaint:d hy buth l11L.'thùds. l'hL.: tim~-sampling fL.'Sldts \\~r~ thL.'n

I.:ompared to thüs~ ùbtaint:J hy th~ cllntinuùlls rating. In adJitilm. tht: dT~ct offnrmalin and

morphine on gt:nl.?fal bd1a\"iLlur of animais \\ as eX:lmi I1t:J l'fl lm thl.? ti I11t:-sampling data.

3.1.8 EXPERIi\IENT.-\L DESIGN

Rats \\ère assigned tü t\\"o groups. Ont: \\'as llSc.:J tü establish tht: forrnalin Jüsc.:­

dTect relationship and tim~-I.:OllfSt:. anJ the ùth~r tü d~t~rminè the I110rphine dùst:-dr~ct

rdationship at a single 1'Ofmalin Ù)lK~ntrati()[l.

3.l.B.i Formalin conccntration-cffect rclationship

15 rats \vere randomly assigned to three groups of 5 subjects. Each group recèi\"~d

one ofthree concentrations ofdilut~ formalin (0.5%
• 1~·,o or 2°'0). Scoring commenced at the
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tinlt: of the formalin inj~l.:tilJn and ~\lntinll~d l~lr ()I) n1ÏnLlt~~. ClmtinuOlIS rating Ll)lh:l.:t~d

data in 12 bins. ti\~ Illinllt~s ~a~h. and til11~-sampling ~lt ()l' l\n~-minut~ int~f\ab.

3.I.B.ii 'lorphinc uosc-cffcct rclationship

-+0 subjt:cts \,"çfl;: ranJornly assigneJ to six gn.H1rS. rh~ Clll1trol gn.Hlp recei\t:J l)nl:

10
0 tonnai in (n= 51. Otht:r groups 1S~\~11 sLlb"i~LlS in èa~h 1 \\ èr~ prdre~lted \\ ith 1. 2. -+. t1 llr

minutès atter th~ t~)rl11al in inject ilHl and lastcd ~() minLlk-., tl \ l)btain data IJl1 the è11cLts l)f

marphint: on pain in tilt: sè~l)nd phasc ur thc t~)rmalil1 k'll. B~ha\illllrai rt:spunst:s \\èr~

s~lnlplt:J at onè-minut~ intèl"\als. ~lI1d rat~d Ll1ntinLllHbl: Îl: .;j, ti\~-minLltèbins ..-\tier llll~

ramlalin tèst. rats \\ ~r~ randl)[11ly rC~ls:"igl1cJ tn ~lI1l Hllcr ~l In.Jj t il ll1. ~lI1J tcsting \\ as schcdlll~d

such that aIl groups had rab that \\el\~ rèL~i\ing the lÎl":-it ~lihj thè SèLl)nJ !tJrnlalin tèSt.

J.I.B.iii Bchavioural rating

.\11 SUbjCLts \\Crè hahituatL'd tl) th:.: tl..'stillg èl1\ irl 111l11ènt. I"\\ll rats at ~l timè \\I.Tè

ratçd simLiltan~L1usly by t\\O indi\iduals. llnè llsing tht: Clllltil1LllHIS scoring and the.: lHhc.:r thè

time-sampling nl~thod. Th~ bdla\"ioural sl.:alc.: llse.:d is de.:s(rib~J in Tabl~ r.
The b~ha\"ioural (~lt~gori~s LlSèJ to n:cord pain-spt:citic b~ha\·iollrs \\ere.: as

describeJ by Dllbllisson & Dennis ( (997). and \\ère.: idc.:ntil.:al t"\Jr both scoring rnethods. l'he.:

general behaviour \\as I.mly scored \\ ith th~ til11~-~amplin~.

3.1.B.iv Dat~l an~llysis

Data analysis \Vas pc.:rfornled as d~scribc.:d in Sc.:ctil1!1 2.7. One-minlltç tirne-sarnpling

scores were. in addition. transtiJnll~J int(l t\\L1-minut~ timc.:-sampling by omitting ~\c.:r:

other reading from thç onè-minllt~ timç-sampling.

The SUffi oftinle sp~nt lifting :lod lil.:king in continLlllLlS rating. and the.: numbe.:r l)(

obse["\:ations of lift Jnd lick in tinlè-sampling \\erè llsed to Jc.:temline thè pain index .
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B~ha\'iùllral scal~ Llsc:d in Exp~rim~Ilts 1and Il!. rh.: r~lÎl1-sp~cilic h~ha\iL)Ural Latt:gl)ri~s

\\"~r~ idt:ntical for COl1tinLLOLlS rating and tinh.:-sampl ing. G~I1t:ral bdl:.l\"iours \\'c:rt: onl\'

scor~J \Vith tinlt:-sampling.

Behavioural

score

Description of bch~l\'iouralcategory

o

.,

...
.)

both hinJ pa\\ s rt:st ùn th~ t100r. h~~lring appn '\.imatt:l: ~4LLal

tht: injt:ctt:J pa\\ rt:sts lH1 th~ t1lll)r. hut bt:ars kS:-l \\~ig.ht than th~

l1nin.i~l:t.:d r~l\\: lil11pil1~ is l)bS~l"\ ~d ~ILlrin~ \\~dJ...il1g.

Iying. sittin~ ur mu\ ing around

Timl!-sampling .,l.rÎs !1: ciL:J1l.!ral hdru\'Î(}lIrs

•

o

,

3

5

6

7

slt:çping

Iying with t:y~s (lpçn

sitting or standing. still

walking

groommg

r~anng

snining

lickillg th~ walls or tlour
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3.2 RESULTS

3.2.1 Qualitative conlparisons - tinle courses

Timt: ~ùurs~s of pain-sp~<.:ifil.: r~Spl)nS~S tù Ji t1~r~nt fl)nnalin ~l)nCèntratiùns \\ ~r~

constrllct~d l'rom data collèct~J hy butl1 s~uring llh.:thud~. Fi~llr~ 3 sho\\ S th~ tim~ ~ùllrs~s

plùtt~d l'rom cnntÎnuùLls rating scùr~s. Pain hdla\'iours in c~h:h trè~ltm~nt group arl.' a\~ragl.'d

ù\·t:r 5-l1linllt~ bins and ~xpre:ssçd as pcrcl.'ntagc l)f time thè bdla\ilHlr~ \\crc JisplaYèJ.

rï1li\: ~Ull(~\:::' rI ulll lilll\:-:'ldillplillg ~1Il: pllllll:J in Figurl: -+. F,Ii Il i'l:il'-l \ illurs an: a\ craged l)\ cr

l.'a~h 1~)rn1alin trcatment ~rullp f\Jr c\ cr~ I-minutl.' timc-:<lInr1ing pl.'rioJ and arl.' l.'xprl.'ssl.'J

as per~ènt l)f the tLHal nllmher ,)1' \)h"l..'r\ ati\HlS.

Timt: ~ùllrsl.'S for both rating 11l1..'t1lL)JS displa~ l.'d "'1I11Ï lar bi phasic pain r~spùnse tl)

forn1alin. Ther~ is an initial pl.'rind 'Jf fa\llllring. lifting .1Il\.1Iid~ing in thl.' lirst 5 minlltl.'s nt"

the test 1tïrst phasel. [3èt\\Cl.'n 5 and Itlmilllltc;o; ,)fthc tc"t 1 imcrphascl.littk ur Ill) pain i:-.

llbs~n l.:d. ,-\ftl..'r thl.' intcrrhas..:. pain scur~'s incrl..'asl..' ~1:;~tiI1 l " .... clmL! rhasl.' l. l'hL.: alllL111tlt l'l'

lifting and li~king ,)f thL.: injL.:ctl.'d pa\\ in thl.' SL.:Cl)nJ I,hasl.: in~rcasès \\ ith t~)rma[il1

l.:oncentration in an ~pparcntly dùsl.'-JèpcnJl.'nt l11anlll.'r. Ih~' .In1lH1Ilt \Jf fa\\)uring J~crl.'~b~:-.

\\'ith fonnalin ~once:ntration. Lifting and li~king in tht= S~C\)lh.i phase p~rsists lL)ngcr at highcr

formalin concl.'ntratil)l1s..-\t 2 1)0 t~)rmalin. pain SCl)rL.:S arc n~ar-l11aximal l'rom tht: ùnset IJ(

the se~ond phase until thl.' l.'nJ of tht: testing p~rioJ.

3.2.2 Quantitative comparisons

Behaviollral respons~s rl.'cordl.'d by tht: twu rating methl1ds were: ~omparl.:d

quantitati\'ely by ~akulating ~l)rrdation ~L)dlïcil.'nts bl.'twee:n tht:m. Dost:-~t1~~t

relationships \Vere constrllcted tor tirst and second phas~ LJ f the farnlalin-induct:d pain

responses and morphine analgçsia at 10 0 formalin. Thl.' [l)g of formalin ~oncçntratian '-lnd

nl0rphine dose were Llsed. [n the case of thL.: latter. this is a standard procedurt: far analysis

of rt:ceptor-mediated intt:ractions (Ross. 19(6). DÙSC-l.'n~ct rdationships obtaine:J from

bath methods were superinlposed on the sanle graphs. and ~un'e parameters (\IPE~11 and

slope) \vere compared.
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Figure 3

rime courses of fonnalin-induced pain-specifie behaviours constructed from continuous

rating data. Responses are averaged over five-minute bins.
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Figure 4

Time courses formalin-induced pain-specifie behaviours constructed from one-minute time­

sampling data. Responses are averaged over one-minute bins.
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3.2.2.i Bi\"41rÎatc co rrclatiolls 0 f hcha\'iou .·al scores

Pain r~spons~s. sllmll1~d l)\ ~r th~ lirst phas~ ~llld th~ i!1krph~b~ ( 1 tll 1() l11inUl~S 1

and th~ s~conJ phas~ 1Il to 60 minutèS) l)rth~ Il}rl11alin t~st. \\~r~ CL)l11par~J by computing

bi \'ariat~ corrdatiùn CÙ~ nici~nts b~t\\ ~~n th~ cllntinUl)llS rating scores and th~

time-sampling en?ry minllt~. P~arsùn's cnrrdatiùn cnèni(i~nts ar~ listèd in Tabk IL

Fu\'ouring. 1ifting anJ 1icking r~Srl)llS~S in hoth rh~I~~s tl f th~ t~)rlllai in t~st \\ ~rl.:

I\\"l)-minut~ til11~-samrling ~Llll'~S 1,)1' t:I\I)Ur. litt and liek.. ~hak~ ur hil~ ...lr~ abù shu"-n in

rabl~ [1. They \\~r~ alsù l'l'llnd tl) ù)rrdat~ signiticantl: \\!th th~ CPtltinlh)Lb rating S(l)r~S

1p<O.O 1l.

Thç cnrrdatil)tlS h~t\\ ~~n r~lin il1dlc~s (th~ Slllll Ill' !i r't ing ..1111.1 liek.i ng. ~haki ng 111'

bitingl J~t~rmi!1~d hy Ih~ LI)ntinulILh r~ltil1g JilL! hnth lHh> .1l1d t\\ll-minutl.: tim·.?-sampling

\\ère alsn highl: signilicallt (p·IJ.lJ [: ['ahll: Il). l"!le pain tlh.iices J~t~rminèd hy ail sCllring

mèthl)Js alsa cùrrdatèJ highly \\'ith th~ \tlgarithm Llf fl)nlUlin ,,-iLlS~ 1p·Il.(J5 for tirst rhas~

Jnd p<O.OOI for s~cond phas~). The~ ~lr~ Shll\\11 in TJl"lk Ill. rh~ pain SCLln:s d~t~rrnil1~d

l'rom al! scoring m~thL1Js ~xplain~J 111llr~ than 5U U 1) of \ ~lri~lI1c~ in thè s~cùnJ phase.: (R =.c

O.8-l-). Thè corrdation hçt\\c.:~n rtain scor~s and log of t'llrma!in dOSè JiJ flot J~cre.:~ls~ Whèl1

b~ha\'iour was ratèd at r~gular tim~ int~nals as compan:d tl) continuLlllS rating.
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P~arson's (ùrrdatiùn (ù~fti(i~nts h~t\\~~ll pain-~p~(ilil.: b~ha\"iùllrS L)f th~ fùrmalin

(ùnl.:t:ntratiùn-~n~(t rdaLiùnship as sC\Jr~d by th..: (llntinuOlls rating. ml:thùL! .mL! timl:­

san1pling at 1 ~nd 2 l11inLlt~ int~[\"als.

(two-t.liled test of significance)

behu\"iourul

cuteuon
~ .

phase of

formalin test

l'nntinLllHlS Rating

\~.

lïm~ Sampling ;.lt 1 1l111111ll.'

II1tt.:nab

CÙnrinUllllS Rating

lïl11t.: SaJllpling al 2 milllltl:

int~n"als

Favour

Lift

Lick

Pain 1

phas~ 1

rhas~ Il

phast.: l

phas~ II

phas~ 1

ph:.ls~ II

phase [

0.96··

n.9j"

0.88""

phase II 1.00·· 0.93""

•

.• Correlation is signiticant at thç: 0.01 len:1 (twù tail~d 1.

1 Pain is calculated as th~ SLlIll aftime sp~nt litiing and lil.:king for continuùus rating. anJ

as th~ sum of obs~r\"atiùnsof lift anL! lil.:k t~)r timt.: sarnpling
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P.:arSl ln' S Cl)1..-': Iatil1l1 Cl)~ tlk i':l1l:' bd\\ ~.:n pain it1dic~:-i \"kkrmin~d t"rull1 Cl lntinuÙllS ratinl.!.

and tim~-SJnlpling ~\"èr: minlltè and ~\'~ry (\\0 I11jnllt~s. and log of tormalin dùs~.

Corrdations of pain inJÎl:~s ~xplail1ing mùr~ that SOu,) nf\3rianc~ {R ~O.71) ar~ boltkJ.

Continuo us ruting Tirnc-sanlpling

Phas~ 1

Phas~ II fL8.t"·

. inJicatès signi tic:.lnct? al th~ O.oS k\ ~I

.. inJicatès sigl1iticalK~ al lh~ lU) 1 l~\ 1.... 1

~\~r: l11inllt~

I).h_~ •

~\ ~ry l\\ 0 l11inllt~s

n.s.t ."

•

3.2.2.ii Dosc-cffcct ."clutionship paranlctcrs

Figure:' shu\\'s cunc~ntratil)n-~n~ct r~lalilll1ship:-i t'dr ,) IJ\1Pl: d f t~ lrl11alil1-inJlH.:~d

pain (tirst :.md s~cond phast: 1 and I..llls~-dr~Cl rdatil1l1ship ftlr mnrphinè analg~sia al III IJ

tormalin (second phasl.: ùnl~ 1. Each dus~-dfl.:ct rdatiùnship \\ as plùttt:J as Jt:tt:rminI.:J fnl(11

continuous rating and one-l11inut~ tim~-sampling.. Formalin and morphint: dOSèS art: plùltl.:d

on a logarithmic scale. In this analysis th~ sun1 of lift ~mJ lick. bite or shak~ was tak~n as

th~ mt:asure 0 rpain.

Slop~ :.mJ \IPE.,J \'alllt:s l)fth~ t~)rmalin ùlnc~ntration-dr~ct rdationship an: list~d

in Table IV, ~lPE';1) \'alll~S for the: tirst phas~ and sècond phJs~ of tht: formalin te:st ar~

\'irtually identical for continuOllS rating. and timt: samplingo Th~ CLlnl.:c:ntration of torn1Jlin

that prodllced a hal f-maxinlal r~sponse in thl.: tirst phas~ was approximatdy 1.3°'0. and in

the second phas~ apprùximatdy 1.00
Il. Siope ":.IIUèS llbtain~J by bùth nl~thods are also not

signiticantly different. partÎ\.:ularly for th~ sc:cond phase nftht: test. Th~ second phase slùpt:

is. howe\Oer. signiticantly ste~p~r than that of tht: tirst phase (approximatdy 29 for tirst

phase and approximately 53 for second phase). The 95° 0 contidence inten'als of \lPE.,,'s

fram bath rating methods ar~ alnl0st iJ~ntical. Similarly. the standard errors of the means

of slopes for bath phases are very similar in value. This suggests that there is no loss ùf

statistical power when behaviour is sampkd at l-minute intervals instead of continuous
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Figure 5

Formalin concentration-cffect relationships for the tirst and second phase of the fonnatin test, and morphine- dose-cffcet relationship

for the second phase of the test, constructed from continuous rating and one-minute time-sampling data. The SUffi of lifting and licking,

biting or shaking the injccted paw was taken as the index of pain.
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\ lPE.;" and slùp~ \'alll~S 'Jf tûrmalin (onc~ntratil)[l-dTèLt rd~J.til)nships obtaint.:d b~

continllollS r~ltin~ and ont.:- and t\\u-rninutt.: timt.:-sarnpling. Tht: sun1 olïiti: ;,lnd lick. bitt: or

shak~ was llsed as the indèx of pain.

Continuous

Ratino
~

TinlC Salnpling

Phast.: 1

Phase Il

:\IPE<;o·

intt.:nal

SL()PE

standard ~rTl)r l) f mt.:an

SLOPE

standard error of mèan

I.JO

21.20

11).5-+

0.98

(n.79 - 1.22)

51.68

111 inutt:

1.33

28.99

0.96

((J.77 - 1.2() 1

52.75

6.2-+

minut~s

1.34

28.99

12.65

0.97

(0.78-1.19)

54.49

6.-+3

•

1 7v1PE'lj is èxprèssèd in ILl) torrnalin.

rating. Table IV aIso sho\\'s y[PE,,) and slope \'alues ft)r tht.: forn1alin concentration-dlt:ct

relationships Jetèrnlined from 2-minutt: timt:-sumpling. The \IPE,;,,' s and ~;[opes arc

virtually identical to those obtained l'rom (ontinuOllS rating and onç-nlinute time-sampling..

The n10rphine concentration-dTt:ct rebtiùnships l)btained by c.:ontinuOllS rating. and

time-sampling every minute and e\'èf}' t\\'o minutes are also aImost identical. ~[PE,,! and

slope values are Iisted in Table V. 95°'0 contïdenc~ inten-als are smaller in time·sampiing.

and the standard errors of nleans indicate that the slopes constructed l'rom time-sampling

data have a tighter tit. No loss of statisticai pow~r \Vas observed llsing the time·sampling

~l



•• l1l~lhL)J. Th~ l11ùrphin~ dus~ that rrUdtlL~J 5(Ju 1) ~lI1al ~~sia (llsing 1Il.) t~ lrmal in) \\ ~b

approximaldy 2.1 mg kg. Th~ slL)pl.: of th~ Josè-dr~Ltn.:LlliLHlShip \\as approximatdy 30.

Table V.

\lP E", and slop~ \'~ll11~s llfmùrphin~ dl)S~-dr~Lt rdatiLHbh irs al Il} 0 fl)rmalin Lonc~nlratil)J1.

obtained by continuÙlls ratillg and lH1~- and t\\ù-minUk li!lh:-~ampling. rh~ sum tltïift ,ll1l!

Time Sanlpling

Continuous

Ratin"poo

SL()PE Jn.79

standard ~rror () f ml.:an X. 1h

1 \IPE.;" is ~xpresseJ in mg kg.

l)lll..'-ll1l11llt~

~.I 0

JO.Sl)

t\\o-minl1l~

2.08

(1.21-3.5SI

29.73

•

3.2.3 Effeet of fornlulin un gcncral beh~l\'iour

The time-cours~s ofgeneral heha\iour ùfllntreat~drats: they r~cei\'ed no tormalin.

but \vere habituated ta the testing en\'irùnment) and thos~ that recei\"ed 1 and 2° 0 tormalin.

are plotted in Figure 6. BdlJ\'iùurs cùnsiJereu 'inacti\'~' (sleeping. lying down with ey~s

open and sitting or standing still) appear at the bùttonl L)f th~ stacked bars. while 'actl\'e'

behaviours (walking. grooming. snifting and rearing) ar~ plott~d abo\'~ the inactl\'t:

beha\'iours. Untreated rats (upper pand) display~da cydical pattern ofacti\"ity. They \\~rt:

more active in the beginning. middle anu to\\'anls the ~nJ nftht: I-hour session. Rats tre~1t~d

with fonnalin did not display this n:g.ular pattern ofacli \'ity. [n addition. formalin appearèJ

to depress activity . Particularly in the sc:cond hall' of the session. the 1~/o forrnalin rats t~nJ

42



• ,------,1 sleep
1.=::=11 lie

mmJ sit
rxrM walk

~ sniff
œm rear

1 groom

2% formalin

1% formalin

10 15 20 25 30 35 40 45 50 55 60

time [minutes]

5

4

3

2

1

0

5
en
c: 40
~
ro 3
~
Q)

2
,

en.c
0 1:::R0

0

5

4

3

2

1 e,
, , ,

0
5

•
Figure 6

Time-courses of generaI behaviours observed in no-formalin controis and 1 and 2%

formalin-treated rats. The responses are averaged over five-mmute bins.
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tl) 1i~ Jown. and th~ ~o 0 rats t\..) 1il? du\\ 11 t)J' ~kl?r. Ihl? LLul...'r hl...'ha\'iL)lIrs JiJ nnt tKL.:Ur in rab

Ilot tr~~lteJ \\ith ft)rmal in.

The acti\'l? and inaLti\'~ hd1a\'iollrs arl? cumpkm>?ntary sinc~ th~: adJ up to th~ total

nunlber ofùbsenations. This alll)\\s that ùnly l)[1è \ariabll? is analysl?d. For the purpùse l)t"

th~ analysis ùf gêneraI acti\'ity. thl? 6U l1linutè sessil)11 \\~b Ji\ided intn tir:·a ph~lse

( 1-1 llmi nutes 1. and seconJ phase ( 1I-{JI) l11inut~s l. l'hl? "L.'(dnJ phase \\ ~lS t"urthèr di \ h.kd

intL) ~hasè ~:\ ( 11-~5 minuIl?" 1 ;I!ld !"Ih;l'l~' ~n 1 ~h_("\ll l1li!~I.II,'_'''':',

Pain-sf'leci tic bdla\iuurs and gelleral heha\ iL\lIrS [~'r -:.lch phaSè are plotted in Figurè

7, pain responses in the upper anJ gèneral hl.'!l:.l\iùurs in thè ltl\\er panel. In the latter. acti\ e

beha\'iLHlrs an.: plolt~d abù\ e thl? ahsci~sa and in:.lcti \e b,:h~l\ it)urs bdl1\\ the anscissa. ,\

repeated mè:.lSlIreS .\'0\' .-\ \\ ~b llSèd t~)(· the ,ma!: ... 1:'l. \\ ith I~)[mai in JOSè ~LS the

hèt\\l?l?l1-subject I~lctl)r. and ph~lSè ~l:-; thl? \\ ithin-..;uhject llh:~:'Llrè, 1111...' intl?ractil)l1tll" plus..:

~mJ fnrmalin dLlSè \\~b l1l1t signiticlIlt. rhèrè \\~b a Siglllli(.l11t \.iit"kr..:nc~ in acti\ it: ~lCr\\-.; ...

th~ thrt?~ phas~s (p<.() .00 l ,. Th~ h~t\\ èen-sllhj~ct factor f ft 'l'Ilul in JtlSl? l \\ as alst) :-;igni tiC~lJH

(p<O.O 1). L~ast signi Iicant Jin~rèncr'= 1r.SD 1 pLlst-llt)L -Ill-ll: s~s r~\l?akJ that in th~ lir..;t

phase fornlalin Jùse-d~pèl1d~l1tly r~duc~d ~h.:ti\ity. \\ï1ik the lI.So o fùnl1alin grLlup \\as Ihlt

significantly less acti \'~ than contrûb (p=().095 J. the 1 and 2° 0 groups \\'~rt? (p<O.OS and

p<O.O 1. rcspecti \'dy l. [n phast? 2;\ thèr~ \\'t?rt? 110 signi ti(ant I..ii n~r~nccs bet\\'cen the groups.

[n phase 28. the 0.5. 1and 2% tormalin groups \\ere signjtiL~ll1tly!css acti\'c than cùl1trub

(p<O.OO 1 for ail groups \·s. (ontro!s l-

In aIl threc phases the explorati \'è bdla\'ilHlrs \\'~[è Jèpress~d Jos~-dependcntly (p' s

ranging fronl 0.09 to 0.02 for 0.5°'0 formalin \'s. contrais. and p. s ranging l'rom 0.01 tLl n.ou 1

for 2~··o vs. controls). Groùnling \\'as only signi ti(untly dèrr~sscJ in phase 28 (p<O.OO 1 lor

aIl formalin-tn:ated groups \'s. controls 1. Of thl? inacti\'~ hd1a\iours. ùnly sitting \\'as dos~­

depend~ntly dcprcsscd in tirst phase (p=O.1 1 tor 0.5 0
0 \'s. (L)ntrl1Is. p=0.0 12 for 1[) Il fùrnlalin

\·s. contraIs. and p=Ü.004 for 2°1) tOrInalin \'s. controls 1.
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Figure 7

Formalin-indueed pain-specifie (upper panel) and general behaviours (lawer panel) in the

•
fIfst (0 ta 10 minutes) and second phase (Il to 35 and 36 to 60 minutes postformalin; phase

2A and 2B, respectively) of the test. mactive general behaviours are plotted belo\v the

abscissa.
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3.204 Erfcct of morphine on gcncr;a1 hcha\'iour

Th~ actÎ\"Îty in rats r~cl:i\"Îng din~rènt 1l1L)rphinè ,jost:s ( l. 2.4.6 and S mg kgl anJ

J sil1gl~ t'llrmalin l.:onc~ntratiL)n ( 1u u) \\'as l.:ol11par~d tn L1I1Înjç:ct~d hahitl1~ltl:J (:ontrols anJ

rats rècç:iving only Illl) formai in. Figl1r~ 8. lo\\~r pall~1. shù\\'S the: bdll.1yiLHlral :-itat~ ur ail

groups. with acti\'~ bdl;l\il)UrS (\\alking. groomin:;. :'llining. rt:aring and lil.:king tlùun

stackt:J ;lbù\'è th~ absl.:issa. ~lI1d inal.:ti\ ~ hdll.1\iLHlrS II: il1~ Jl)\\I1. sk~pillg anJ :-ïining l)r

tht: l.:L1rrt:spondin~ tr~atm~nt grLlUps.

,-\:'\0\':\ \\as ust:d ln ~ll1al::-ll: gl:11I.:ral hdu\l\lurs. Th~ ~frt:ct lJf nlorphin~ \\~b

signitic;lnt (P'/O,U!) 1l. PL)st-llLh': (r.~[), CL)l1lparisl1ns ll1di~~ltèJ that inje:ctilH1 nt" 1ù li Ilxmalin

signiticantly Je:prt:ss~J :Kti\ ilY Cllmparl.:J ill Llnil1.i~([ù! ~\ 1l1trols (p",l).1)51. This Jt:pr~ssil'n

L)f acti\·ity \\'as rt:\'~rsèJ hy 111\\~r I,.ll)~t:s llr l110rphillè 1! .md.2 mg kg l. Iïh.:St: gflHlp:-; \\~r~

not signitil.:ant!y Ji t1"t:rt:nt t'rlll11 11l1injèC[èd Cl1nlrlll .. , t ir\ JUps that r~c.:i\ ~J high Jnsès \II"

morphint.: (-L () and S mg k:;) \\ ~r~ signi tkantly ks~ .Il,ti \ l.' than llnini~ctt:d contrllis. rh~ 2

m~ kg. nl0rphin~ g.roup \\as signiti~antly t11or~ a~[i\o..~ than tilt: III Il fnnnalin gnJUp th~H

r~cèi\'~d no morphin~ .
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Figure 8

Effect of 1% fonnalin and different doses of morphine on pain-specifie (upper panel) and

general behaviours (lo\ver panel) in the second phase of the formalin test. Inactive general

responses are plotted belo\\'· the abscissa. Square indicates that the mean activity ofa group

was significantly depressed as compared to untreated rats (fust column). Circle indicates

that the mean activity was significantly higher than that of the 1% formalin group.
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Chapt~r 4

ANALYSIS OF FORlVIALIN-INDlJCED

BEHAVIOURS

".1 Objectives

The conc~ntration llf fùrmalin USI.:J in the lit~ratLlrt: \'ari~s grèJtly. as du th~

bdla\'ioural indices llSèd tG Jeterminè th~ I~\'d of pain. 'Il stuJy has. hll\\è\,t:r. ~:'\amin~d

ail pain-specitic beha\'ioural nlèaSUfèS ù\'er the \\'iJ~ rang~ uf tûrmalin cllncentratiol1s that

J.r~ routindy administereJ. This stuJy ~:'\aminès ail pain-~p~citic. as \\'r.:ll as gt:n~ral

bdlJ.\'il1urs. l)\'er th~ rang~ L)f formalin concentrations 11l1\-;t cl\l11nh\nly èl11pluyr.:d II III

10°'0). In addition. in the literature there is nll information l \11 br.:ha\ i'JUrs attr.:r thr.: ~l~utè pain

responsè has ended. Thèrefore. the time Cl)UrS~ of fl.lrmalin-inducèJ bèha\'iùurs \\~b

recorded for a proionged period aftime (16 hours). tl) det~rmine if any residual pain l)r

disruption of normal beha\'iûllr oCCllrs beyond the til11l.: most stlldies terminatl.: th~

observation period (60 minutes).

Habituation of aninlals to the obseryers and the testing apparatus is not rrequentl~

performed. This study a[50 addressed the effects of habituation to the testing en\'ironml.:n[

on formaI in induced behu\'iours. to dètermint: whether stress of novel en\'ironment in

non-habituated subjects prodllct:s signiticant stress-indll~~d analgesia.

4.2 Experimental design

.+8 subje~ts were randomly assignc:d ta (Wo groups. 2-+ rats in ~ach. One group was

subjected ta habituation prior to tt:sting. and th~ other \\-as not handled until the testing day.

From each of the two groups. rats were assigned to tïve treatment groups: control (no

formaIin). and 1~/o. 20/0. 50/1) and 100
/0 formalin (tive subjects per group for no-formalin

contro[s. 1. 2 and 5~/o formalin. and -.1- in the 1O~/O formalin group). Behavioural scoring

commenced at the time of formalin injection and lasted 16 hours. Responses were sampled

every t\VO minutes. The behavioural categories used are described in Table VI.
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•• Table VI

Beha\"ioural scal~ us~d in Expt:ril11t:nt II. Pain spe.:ci ti ' he.:ha\" iours ind LlJ~ ail bdla\ ilHlrs

used for dt:tt:mlining pain indic~s in sl.:ientitic rt:ports ~nlplùying tht: formalin test. Tht: scale.:

of g~nèral behaviour \\"as adapted for tèsting with hight:r formalin I.:onct:ntrations and for

longer periods 0 f testing,

Behavioural score Description of bchavioural catcgory

,-lxis r Pl.lin-spt!L.'itic he/ul\'jours

o buth hinJ pa\\s re.:st on the.: t1nor. ht:aring :.lpproximatd~

~qual amount of the rat' S wèight

•

.,

3

5

6

Axis li: General hehal:ivllr

o

.,

5

6

7

the injL'ClelÎ paw rL'::ilS on thL' t1oor. but hL'ars less \\"L'ight

lhan the.: uninjL'l.:lI:d pa\\: limpîng is l)hs~ne.:d Jurîng

\\alking.

tht: injL'ctt:d pa\\" is hdd abù\e.: ground' \\hL'ther the.:

animal is Iying. sitting or mo\"ing. around

the inje.:ct~J p~lW is lickeJ or bittt:n

the injL'ctc.:d pa\\" is shakc.:n

tlinching of the injected pa\\ (the pa\\ is \'ibrateù rapiJly)

whole-body or hindquarter tlinching (\\'BF)

sh:e.:ping.

lying. with eyes open

sitting or standing. still

walking.

groommg

reanng

snifting

licking the walls or Hoar
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•• Bchu\'iouraI score

8

Description of beha\'iouraI category

backwards loconlotion: this bdli.l\'iour is associatt.:d \\ ilh

high lc\'ds of pain

•

9 eating or drinking

Axis III: mvrhidi(l,' or agitalioll

o no morbidity or agitation

morhidity 1ptL1sis. hunch ~ll1d dr pilot.:rt.:ction)

agitation

The b~ha\'ioural scale was similar to tht.: Ilnc uscd in ~:\p~riment L)t1t.:. It \\as. ho\\~\ ~r.

altered such that al! pain-Spèl:itic bdli.l\iours lISèJ in th~ lit~r~ltur~ \\~r~ ~cnrèJ ~lS mLllU~lll~

èXclllSi\'è beha\"ioural categoriès (t:l\'l)llL lift. lick l)r hit\..'. "hakè. tlinch and \\lllll\..'-hlh.l~

tlinch (\\'BF) J. Two adJitional I..'iltègùriès \\'ère addcd tl) the gèl1cral bt.:ha\ iour~d ~ci.lk:

backwards locomotion (BLYIl. which has bcen nbscned whel1 higher torm~llin

concentrations were administcred (F. V, :\bbott. unpubl isht.:d observations). and eating nf

drinking. :\ third axis was introduced to Jcscribe the obsen'cr" s subjectÏ\'c impression nt'

the rats' beha\'iùur. .-\ morbidity scon: \\as assigned if the rat displayed ptosis. hunched

posture and/or piloerection. in other \\ords. appeared 'sid~', 1f the animal rapidly changed

posture. appear~d restless or agitat~d by th~ pain. frantically lick~d or bit the injected paw.

an agitation score was recorded.

Up to ten subjects \Vere testcd simultaneously. Fl111J and water W~re pro\'id~d tL) th~

rats during the testing. \Vater bottles were rnountèd on the ùutside of the tarmalin bo:\~s

\vith the spout protruding through the wall of the forn1alin box. Pre-\veighed food pellets

\vere provided one hour before the tim~ lights tumed off daily in the colony room (7pm),

Ta abtain statistical validation of results. this exp~riment was treated as a two-\\'a~

one-repeated-measure ANGY:-\ with formalin dose and habituation as the between-sllbjç~t

tàctors and phase offonnalin test as the repeated measure. Correlational analysis \vas used

to determine the relationship between the natural logarithm of fonnalin dose and the

individual behavioural measures. as weil as their combinations and \veighted means scores.
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-1.3 Results

..t3.1 Pain-specifie bcha,-ioul"s

Behavioural respons~s of t~l\'Ollr. lift. lick or bite. shak~ or tlinch. and \\"BF \\èrè

plotted on a tim~-course for each treatnlent group. lndi\"idual pain-spècitic bt:ha\"iollrs.;Js

weil ilS combinations ofthem and \\'t:ighted-mei.lns scorèS. \\'ère èxamint:d to lind the bèst

predictor of thè log of formalin cOth.:entration" Thè pain 111~~burè that r~rfnrm~d h~st as a

predictor 0 f th~ log 0 f tonnalm concentration was tl1èn apr11èJ tl) û~t~nllmè the Jùsè-er'lect

rèlationships of tûrnlalin in habituatèJ and llnhabituatèd animais_ l-ïnally. tht: dTèct ur

habituation on fOrtllalin-inJucèd pain \\'as in\'èstigatèJ.

·t3.l.A Time course of pain-specifie beh61viours

Time courses L)f pain respnnsès that ùccurrèJ I..luring Ih~ lir~t t\\n I1lHlrS arter

tDmlulin inj~ction arè shown in Figurt: L) for llnhabitl1at~d rats ~lI1d in Figure 1() Il)r

habitualed rats. The beha\"ioural rèsponses in èach trèatment g.roup \\t:re an:ragèd for èach

time-sampling bin (2 minut~s). lime plots of habituatt:d and unhabituated no-fL1rmalin

controls are not shown since \"irtually no pain-specific bt:ha\'iours occuITed.

Inspection of Figures 9 and 10 indicated that ail tr~atmt:nt groups displayt:d a bi­

phasic rt:sponse ta forn1alin. (n ail trt:atnlçnt groups tht: tirst phase l1cCUITt:d \\ithin the tirst

6 minutes aftèr formalin. Tht: second phase b~gan as early as 8 minutes into the test. aft~r

a brief interphase. In bath habituatèd and unhabituatèd animais. the amount L)f pain

behaviours sho\vn in the tirst hour in~reased up to 5°0. \\'h~r~ it \\"a5 ne~1r-maximaland Jid

not increase further at 1O~/O formalin. In the same time-pl.:riùd. the freqllency of fa\"ouring

decreased. while the frequency of L)ther pain beha\'iours increased with formalin

concentration. The duration orthe pain responses in the second phase became longer with

increasing formalin concentration. In habitllated and unhabituated aninlals. an injection of

1~/o formalin resuIted in pain responses that ternlinated almost entirely within 60 minutes

after injection. Rats receiving 10% tormalin showed almost continuous pain beha\'iours

until approximately 90 minutes after the injection.
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Figure 9

Time-courses of forrnaIin-induced pain-specifie responses of unhabituated animais during

the first two hours after formalin injection. Behaviours in each treatment group are averaged

over two-minute observation bins. Responses ofthe no-formaIin group are not shown since

virtually no pain behaviours occurred.
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Time-courses offonnalin-induced pain-specifie responses ofhabituated animaIs during the

tirst two hours after formalin injection. Behaviours in each treatment group are averaged

over two-minute observation bins. Responses ofthe no-formalin group are not sho\\'n since

virtually no pain behaviours occurred.
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Figur~s Il and 12 :;how tim~ CllUrSI.:S \11' p~lin rl.:sponsl.:s fl)l- unhahituatl.:d ,1Ih.l

habitllat~d rats. r~sp~cti \"è1y. for th~ entirè lô-hour ~I.:SSilm. Her~ pain r~spons~s \\ I.:r~

a\~raged o\'er 30-minute bins for èach trcmment group, High lè\'e!s of pain occurr~d in th~

tirst hour orthc t~st in al! trè~llnlent groups. Rats rèc~i\ing high~r fornlalin concentrations

(.5 JnJ 10° 0) Jlso ShO\\èJ pain bdl:.l\"iaurs in the third hal f-hour. Littlc pain ùccurreJ aft~r

90 minutes postfllrmalin. è\"~n at 10° 1) formalin. Occasional fa\"ouring and lifting \\as

obscr:ed 111 ail treatm~nt groups Liurt ng th~ thlnJ phas~ Il! th~ t~st (.> 1(l hours att~r tl)rma!1ll

injection). This r~siJlIal pain ~lppcar~J to incr~Js~ \\ith t'llrmalin concentration.

For th..: pllrpos~ llf fl1rth~r anJI~ s~s. th~ lir~·it 1')!USè of th~ tllrnlalin s~ssilH1 \\ ~IS

J~tin~d as 0 Lü 6 minu(~s Pllsttl)nllalin. th~ s~cLlnJ rh~l:"è JS S ta 120 minllt~s. and th~ third

phas~ as th~ rèmaining tim~ of th~ 16-hour s~ssilln 1:-1 1) hllurs 1.

-t3.I.B Analysis of pain mcasurcs

Formalin-induc~d pain rcsponses of habitll~ltl.:J and unhabituated animaIs in th~

three phases are shown in Figlln: 13. Shaking and r1 inchi ng :.ire piotted as a singl~ r~spllns~

category (....ide inti-a).

Pearson' s bi\'ariat~ coefticients of correlation bt:t\\"et:n pain-specitic responses and

log of formalin concentration \Vere computed for each phase of th~ formalin test 1tirst.

second and third). for unhabituatcd and habituat~d rats separatdy. Correlations \Vere :.llsù

computed for the period between 10 and 60 minutes art~r fornlalin injection. which is th~

time period most commonly JetineJ as the second phas~ in the literature (Phase 2' ). rabl~
VII shows correlation cod1icients betwe~n the log 0 f tllrn1alin dose and single pain-speci tic

behaviours. their combinations and weighted means scores. T0 consider a pain response or

composite pain measure a good predictor of the klgarithn1 of formalin dose. the

correlation coeftici~nt was requireJ ta be equal to nr gr~ater than 0.71. such that at least

500
/0 of the variance was explained by the pain measun: .
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Figure Il

Time-course of pain responses for unhabituated animais during 16 hours after formalin

administration. Pain scores are averaged over 3D-minute time periods. Responses ofthe no-

fonnalin group are not shawn.

55



=

whole-body flinch
_ shake/flinch
~Iick
;;:::::;;b>~~.(\~\:I 1ift
1 1favour

•

100
80
60
40
20

Ol-.J--L-....L....-I.-.l.-.....L...-__...-s:::::c.-.L:=.1.-~~---l~.....c..=~ :::=::>o-_Cf)

c
o

:tJ
m 5% formalin
~ 100
Cf) 80
-g 60
?f!. 40

20o t.....:~~-LL...L~LL-b1.._..c::a:l~~=-----S::~~IS'!t:=--==--.__

100k formalin
100
80
60
40
20 '

O'--"'-='--.............~--'---=-.I-~...r--<.---.....--I-.-.l........J,..--=::::I--I.........Joo_....L...:.:J, ...........L.-~~..'U-.J:::::l.-.J

2 4 6 8 10 12 14 16

Time [hours]

Figure 12

Time-course of pain responses for habituated animaIs during 16 hours after formalin

administration. Pain scores are averaged over 3D-minute time periods. Responses ofthe no­

formalin group are not shown.
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Figure 13

Pain-specifie responses summed over the three phases ofthe formalin test., for wlhabituated

and habituated rats.
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Table VII.

• •
Pearson's correlation coefficients uf pain IllCaSlIn:s vs. nallirai logarilhm or Il>rmalin concenlration in the lhree phases or lhe

formalin lest. Correlations arc shown also for phase 21
. Corrdalions explaining alleasl 50C~'O of the variance arc holdcd (R " 0.71 ).

Pain

measurc Phase 1

llnhahituntcd

Phasc 2 Phasc) Phase 1

Ilahitu~ltcd

Phase 2 Phase J

Time pcriodlminl:

Single 11lcaSllrcs

0-6 10-60 8-l20 122-<)(}o ()-6 10-60 X-120 122-960

VI
00

FaVOllr 0.34 -0.7(f· -0.19 U.7"· 0.14 -().()~r· -o. JO 0.5ol .

Lift 0.20 DAI O.5~f· 0.62·· -(L~t) O. 11 0.52· 0,46·

Lick 0.24 O,4J 0,42 -0.0] DAO n.60·' 0.64" -O.."' ~

Shakc 0,43• 0.04 0.05 0.29 0.02 0.52' 0.56. -0.30

Flinch - 0.J5 o.) 7 - - O.h1·' 0.70'· -o. 11

WBF 1
' - 0.6·... • O.()4 .• O.2 C) - (LSr n.5" -O. 11

Composite I1lCllSUres

Shakc + Flinch OAJ· 0.26 0.26 O.2 t ) 0.02 (Ud" (U)() ., -0.32

Shake + WBF1
' 1 OAJ· n.59·· o.5~f' UA]

• indicalcs signiticancc of correlation coel1icicnt al the p" D.OS kvd

•• indicatcs signi ticance of correlalion al the p' 0.01 level

'1' wholc-hody Ilinching

0.02 U.60" 0.61" -O.2-t
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Table VII. (continuc<.i)

Pain lJ nhabitu,ltcd 1h.hituatcd

• •

VI
\.0

mcasurc Phas~ 1 Phasc 2 Phase] Phase 1 Ph.lse 2 Phase 3

Timc pcriod Iminl: 0-6 10-60 X-120 122-960 0-6 10-60 X-120 122-960

Flinch + WBF1J - 0.59" 0.63" 0.29 - 0.6X" 0.73"· -0.16

Shakc +Flinch+WBF'l' OA3' 0.55" 0.56" OA) 0.02 0.67" 0.69" -O.2X

Favour + Lick 0.35 -0.25 OA3 o.7()a- -0.1 1 -0.52 0.35 0.60"

l.iti + Lick 0.35 0.59·· 0.69" O.Cl 1·' O.2h ().~J 0.7"· OA3

Lick + SFWo 0.5(f 0.65·· O.ô5'· 0.29 O.] 7 O.HO·· O.H 1·· -OA2

Lift+Lick t-SFW8 0.54" 0.75" 0.77
u

0.62" 0.24 0.67·' O.HI" 0.40

Favour+Liti+l.ick n.51' 0.04 0.59·· 0.75·· O.2.t -0.0] 0.6"· O.)tr'

\Vcighlcd Incans

Ijl1+2*I.ick/SFW8

Favour + 2* I.i fi t

3'" l.ick/SFWB

O.S·.r

0.65··

O.7()··

0.7·r·

U.77··

O.HOa-

O.h2··

0,7()··

O."

o.,,
U.7tr·

O.7·r·

UJ'U)··

O.HS O

•

O.J4

O.S 7'

• indicat~s signi licancc of correlatiun cocfficient at the p' 0.0) Icvd

., indicatcs signilicanc~ of correlation at thc p' 0.01 levd

1 whole-body Ilinching (WBF)

o rclers to general shaking hehaviour lshak..:. Ilinch or \\hoh.·-hod) l1inching: SI· \\').
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üfthè sing.l~ bdla\iùllral r~srons~s.nol1l.: rl.:rl~)nlh:d :'~ttisl~ll.:turil: as a raill ml.:a~L1rl.:

1Tabk \'lI J. Shaking.. t1indling anJ \\'RF during lh~ sl.:l..:dnd rhast.: I..:l)rrdat~J highl: amullg

~adl lHhèr. particlliarly in habitllat~J animais (r' s ranging t'rom 0.51 to O.79). Th~sl.:

bèha\'iours arc also less Jistinguishablc and they \\'ère cùl1apsed tog~ther into a single

category of shaking. t1inching or \\holè-body tlindling (SF\\·). Thè Ialtcr mèJSUfl.:

pèrtornlèd bèltèr. hùWè,"er Jill 11LH lllect tht: requircd I.:ritèria..-\dJing lid~ing w ~F\\"

; __ "",.~ .. 1""11_'" .. , ,1 ;,""'_ .'1 ;TI, 1 • 1; , ~.: '0_ I.~ I t : , ~ .~ .. : 1 ._.+
Illlt-'I"-"\.Y Ul\. \.\cH.\.I.H1VII "'Ul I~'::- Ul 1\'1III ..UllI ~llLl""~lI11.LlI\'ll. III Ilül'lllh.ll .... U .1I Il Il I.U.:'l. 1I11:"1

measurè èxplainèJ ml1rc than 5Uù u uf lh~ \ari~ml.:~ in "~l.:dnJ plus~ and phasl.: .: . Il

cùrrdatèd highly signitil.:Jmly \\'ith the log llf formalin (l)l1l.:~ntratinn in thè sèconJ rhas~

anJ phasè 2L in LlnhJbitllat~d aninlals 1p<l).() II. ho\\\.'\ i..'r \.liJ Ilot ~'\plain SOI)'l ll!' lhl..'

\arian~~. Litiing and li~kin~ r~rtlJrl11cd \\l.:lIl)nl~ in thl.: ~I..'LIII1\.1 p!1asl.: l)r'hanitllat~J anima/:-'.

Lifting.. licking and SF\\' pl.:rtl)nll~J h~st llt'all th~ ~il11pj'>"'lll1lll1l.:~bLlrcs. ~'\pbining I11drl.'

[han 50° f) llf the \arianc~ in s~cnnJ phase anJ phase 2" III unhahitllatl.:J. anJ sel.:nnd ph~hL'

in habituatt:d animais. It I.:ùrrèbted highly signitil.:~mtl~ \\ ith rhase 21 in habituatèJ animal'i

{p<O.O il. The \\"eightt:d I11l.:ans s~~)r~~ JS introJul.:cd h: D\.lbui~Slln 8.: Dennis ( 1q77~ Eq, 1t

Jnd \\'atson ~t al. ( 1996: Eq. 2) pt:rtormeJ cqllJlly ",dl and cxplainèJ 50°0 orthe \"ariancl.:

in s~cond phase and phasc 21. in unhabituated and habituatt.:d animaIs.

·t3.l.C Formalin concentration-crrect rclationships and crfeet of habituation

on pain bchaviours

Th~ sum oflifting.licking or biting. and SF\\' \\as LlSèd as thc pain indcx in the

analysis of the formalin conct:ntration-t:n~ct rdationships. and th~ eft~ct orhabituatiùn lm

pain respons~s, Figures 14-16 show tht: conct:ntration-en~l.:t rdationships for formalin in

tht: tirst phase. second phase and phase 21.. and the thirJ phase. respectiveIy. for both

habituated and unhabituated animais. Two-way repeated mt:asures ."-\NOVA revealeJ that

the three-way interaction betwe~n phase. habituation and the logarithm of formalin

concentration \vas signiticant (p<O.OS), This implies that th~ rdation bet\\'t:en the dT~l:t ùf

habituation at different formalin concentrations differs across the phases of the fomlalin

response. This interaction \Vas further investigated by analysing the interaction of formai in
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• Jose and habituation at ~ach l~\'d ofth~ r~p~at~J l11~aSLlr~ (phas~ nf formai in t~st). For~adl

phas~ 0 f th~ tèSt. cl1nc~ntration-ètr~ct param~tèrs (\ 1PE., and ~llJpt:) \\ ~r~ complltt.:d ttX

habitllatcd and unhabituatçJ rats. Th~y ar~ shùwn in Tabl~ \iII.

Tabl~ VIII

pilas..: 0 f thç tl)rmal in t~st. in habitllat~d anJ llnhabi tllat~J ani mals, L l)nct:lHratiùn-dr~ct

param~t~rs art: also computt.:d for phi.ls~ 2i
. Valut:s ~olllJ not bt: obtaint:J tl)r tht: thirJ phast:

duc: ln lo\\' pain scorc:s. anJ arè tht:n.:tor~ not sho\\'n.

•

Phase 1

l èxclllding loul)

fomlulin groups)

Phase 21.

(10-60 minutèS)

Phase 2

(8 - L20 minutes)

llnhabi tlIat~d

habi tuatt.:d

unhabi tuatc:J

habi tuntel!

unhnbituatcd

habituated

61

(upper and lower

limils)

3.55

., ... .,_._"! ~,

(1.34 - 4.04\

1.83

( 1.19 - 2.8 Il

1.05

(0.34 - 3.2-+)

8.38

(6.00-11.711

5.56

(3.90-6.8-+\

Slopc

(SE\I of slope)

12.94

25.00

(3.83 )

20.30

(5.77 )

15.02

(2.26)

15.69

(3.12)
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Th~ fOrnlJlin ~anl:t:ntrat(L)n-~n~l:t rdationship~ fur thl.: tirst phas~ l)fth~ t~st (an b~

obs~r\'ed in Fig.ure 14. Th~ rnain d1t:ct of fornlalin \\as highly signi ticant (p<O.OO Il. Post

HOl: comparisons revèuled that aU torn1alin treatmenb produced signiticant le\'els ofpain

as compared ta na-form~llin controls (p<O.O 1). Signi ticant increases in pain respons~s \\'~rl.:

observed bet\\'een tht: no-tormalin \'s. 1() 0 tormalin grnllp (p<O.O 1) anJ 11) () \'S 2° Il group

100 • unhabituated
--- habituated

80

1052

/
/

* : / *--j-./1
.~ .~

/ /'
1 1- /

o 1
0'

60

20

40 '

c
CO
Q.

~o

Formalin concentration [%]

•

Figure 14

Formalin concentration-effect rdationship of habituateJ and unhabituated rats in the tirsl

phase of the formalin test. :-\rro\\' indicates a signiticant increase in pain between t\\'o

contiguous formaI in concentrations. Star indicates that the pain level is significantly higher

than that of no-formalin controls.
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The etTèl,;t ofhabitllation \\as not signitiGlI1t. hut th~ int~ractinn hd\\~~n tOïmalin

conc~ntration and habituation \\as highly sig.niticant 1p~().Ul) 1). Tl) ~:'\amin~ tht: tormalin

JOSè x habituation interaction. th~ nlt:ans of unhabitllatt:d and habituateJ rats \\'èr~

compared at èach formalin conc~ntration using 2-tailèd t-tests \\'ith Bont~tToni corrections.

.-\t 1 and 50 0 formalin. habituation signiticantly increas~d tirst phas~ pain 1p·O.OS\.

[n unhabituated animaIs. the 10
() f(xmalin group diJ not sl1l)\\ :'lignilicantl~ n1l'r.:

bet\\een 1 and 2° 0 formalin (p<O.U5), ln habituated rats. ail tlJrnlalin treatment groups

ShO\\'èd signiticantly mort: pain th~m contraIs. Thè pain -iCl)re lHlly incr~asèd signilicantl>

b~t\\een no fornlalin anJ 1li 1) fnrmalin j p<.O.05l.

~lPE':I' and slopt: \\~rt.: lkt~nnint:d tiJr habiluat~J ~tnd unhahituatt:d animab

separatdy. They are shù\\'l1 in rabl~ \'IIL Th~ COIK~lltration-dl~ct rarall1~tt:rs \\~r~

calculated lIsing only the pain scores of ani mals that n:cei \ cd tiJrmal i Il Cl 'I1centratilHl up tu

5° o. Ju~ to the Jack of incrt:asc in pain hd\\'een the 5 and 10° 1) groups. \\ hen.: th~ maximal

pain rèsponse may alr~ady ha\'~ bc~n r~adl~J. Th~ formalin cl)nccntr::ltion prodw.:ing S()II <1

of the maximal pain responses was high~r in llnhabitllJtt:J animais (3.S 5° 1) 1 as ,-=ompan.:J

to habitllatèd ones (2.33 %
). The slope in llnhabituated animaIs \\as lo\\'~r ( 12.94 ::: 9.83l

than in habituated rats ( 17.25 = -J..-J.2). .-\Ithollgh thesè difti;:rencès \\"ere not statisticall:

signiticanL the concentration-effect paralneters imply that in the tirst phase. a lower

formalin concentration is requil'ed to obtain hall' the maximal possible responSè in

habituated animais. and that the pain responses in habituated animaIs increase tàster with

increasing formalin concentration.

-13.1. C. ii Second phase (8-1 ~(j mil1li/c!sJ

Figure 15 shows the formaI in concentration-effect rdationships t'orthe phase 2L Il 0

- 60 minutes) in the upper panel. and the entire second phase (8 - 120 minutes) in the low~r

panel. For the second phase (8 - 120 nlînutes). the main eftèct of formalin concentration

\Vas highly signîficant (p<O.OO 1). A signitïcant increase \vas observed between ail

contiguous formalin concentrations (p<O.OS). \Vhen only the observations in the period
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Figure 15

Forrnalin concentration-effect relationships for phase 2L (10-60 minutes; upper panel) and

second phase (8-120 minutes postformalin; lower panel). In phase 2L pain increases dose­

dependently (p<O.OS) up to 5% fonnalin. In the period from 8 to 120 minutes, pain

increases significantly (p<O.05) between aIl contiguous fonnalin concentrations.
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between 10 and 60 111inutès aftt.:r torm~llin aJnlinistration \\t.:rt: llSCJ t<.) Jt:tt:rmil1c tht: pain

scores. the effect of fùrmalin increast:d dose-Jt:pt.:l1l:_l1tly up to :'0 0 t~)rmalin (p·~(J.l)5

betweèn contiguoLls concentrations). The diftt:n:ncè bet\\èen 5 and 1(lI) 1) lormalin \\as nol

signiticant (p>O.35 ,.

The slope and \lPE~" of the concentration-èftcct rel.:1tionship~ I~Jr fl1rmalin in tilt:

second phase (8 to 120 minutes) are shown in Tabk \"111: the \alUèS ~aklliated l'or

approximatdy SAI) () in unhabituatt:J animal:-l. and tht: slopt: \\as appn)ximatdy 15. Illè

~on~èntration-dt~ct rcLnilH1ship loI' habituüled rats hall ~1l1 \lPE" l)f 5.()u 0 \\'ith a slope l)j"

15.7. \'alues calculated fOf phase 2' ( 11) ta (1) minutes) art.: alsl) found in rable \'1 II. Tht:

\tlPE., \'alues are signi t'icantly lo\\'ef than thosc l'or thc t:ntirc ~econd rh~bC (p<'U.051. \\ hich

me:.lns that ü much IO\\'cr fi..Hmalin cOlh:el1tratill!1 (üppn.1ximatdy I.SI) Il in unhabituatèd and

appraxilllatdy 1.0 \)0 in hahituatl.:d rats' produced thè halr-maximal hdla\'illural pain

response. The siope cstimatè for unhabituatt:d anin1aIs \\:.1S signiticantly "t~~p~r in ph~lSI.:

2L as compan:d tG second phase (p<l).n5 1. whik tht: sh)p~s t~)r tht: h;lbituat~J rats JiJ nut

differ signi ticantly.

The main etT~ct of habituation in the second phase \\as not signiticant. nor \\as thl.:

interaction between fornlulin dose and habituation. Howe\'er. as was obs~r\'ed in the tirst

phase. the NIPE'li of the fomalin concentration-effect rdationship for habituated animaIs

had a slightly Iower value than that of unhabituated.

To investigate the rate of onset of pain in the second phase. the area under thc pain

response vs. time curve was computed for the tirst ten minutes of the sccond phase (8 to 18

minutes) for each rat. The mean JfeU under the curve for each treatment group is shown in

Figure 16. Two-way ANOVA (with formalin and habituation treatnlents as betwècn­

subjects tàctors) \Vas used to analyse the anset of the second phase response. \\'hile the two­

way interaction :.lnd the effect of tomalin \Vere not signi ticant. habituation haJ a signiticant

effect on pain in this period of time (p<O.05). Second phase pain arose more rapidly in

habituated animais as compared to unhabituated ones. This can also be observed by

inspecting the time courses in Figures 9 and 10.
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Figure 16

Area under the pain vs. time curve for the onset of the second phase pain response in the

fonnalin test (8 to 18 minutes) .

./.3.1.C.iii Thirdphase (2 -16 hours)

Pain scores observed in unhabituated and habituated animais are shown in figure 17.

The interaction between formalin concentration and habituation was not significant for the

third phase ofthe test. Habituation did not produce significant differences in pain responses.

The effect of fonnalin concentration \vas significant (p<O.OO 1). Post hoc comparisons

showed that only 5 and 100/0 formalin produced significantly more pain than no-formalin

controis in the period bet\veen 2 and 16 hours post-formalin.

MPEso and slope values could not be computed for this part of the formalin test.

Pain levels were too lo\v to obtain a slope and MPEso estimate.
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Figure 17

Formalin conc~ntration-~ff~ct rdatiunship for habitllat~J and llnhahitllat~J rats in th~ third

phase (2 ta 16 hours after fortnalin injection 1 of the fornlalin t~st. Star inJic~.ltes that the

pain level is signi ticantly higher than that of no-fornlulin controls.

4.3.2 General behaviours

General behuvioural cat~gùries observed \\'ere sleeping.. lying.. sitting or standing

still. walking. grooming. snifting. r~aring. licking t1oor. hackwards locomotion and ~ating.

or drinking. Snifting. rearing and walking were analyseJ 415 one \·ariable. 'exploring',

Figures 18 and 19 display time courses ofgeneral beha\'iour for the entire 16-hour tormalin

session. The beha\'iours that occurred dllring the tirst phase are shown separatdy. The

second phase is divided in four bins. the tirst spanning 8 ta .30 minutes postfornlulin. The

responses that occurred during the remaining time of the session are :l\"crageJ for each

treatment group. o\'er 30-minute periods . Figure 18 shows tinle courses of unhabituated

rats receiving no formai in. 1. 2. 5 and 10% fornlalin. and ligure 19 of habituated rats

receiving the same formaI in concentrations.
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Figure 18

Time-courses ofgeneral behaviours in the tirst, second and third phase ofthe formalin test

in unhabituated animais. First phase responses are averaged over the tirst six minutes ofthe

test. The second phase is divided into four bins (8 to 30; 32 to 60; 62 to 90 and 92 to 120

minutes). The third phase is divided in 3D-minute bins. Arrow indicates the rime at which

lights were turned off in the colony room (7pm).
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Figure 19

Time-courses ofgeneral behaviours in the first. second and third phase of the formalin test

•

in habituated animaIs. First phase responses are averaged over the first six minutes of the

test. The second phase is divided into four bins (8 to 30; 32 to 60; 62 to 90 and 92 to 120

minutes). The third phase is divided in 30-minute bins. Arrow indicates the time at which

lights were tumed off in the colony rcom (7pm).
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Th~ ~rr~l.:t \Jr formalin \.111 g~n~ral h~ha\ illur \\~h anal~s~d \\ithin thr~~ Ji:-;tin(l

phas~s Ur thl: t:x p~ril1lt:llt. rh~ li l'st and st:l..:und pha:1~ (llrr~spùnd~d to th~ t\\U pai n phas~~

(0 to 6 and 8 ta l20 minllt~s. rt:spècti\·èly). The third phase (1'rOOl 2 to 16 hùurs

posttarmalinL was. in addition. di\"iJed in phas~ 3:\ and 3B. Phase 3.-\ \Vas Jetin~d as th~

time period imnlediatdy following the second pha~t: and lasting until the time l)f food

administration. which ûccurrt:d appro\imatdy at thl..' till1l..' of the animaIs' \\aking tim('.

Beha\'iours \\"t:re ~xan1int:d quantitati\'dy u:-;ing :\:\0\'.-\ \\ ith bd1a\'idural

cat~gories as rep~ated m~astlr~s. scparatdy tOI' ~~Kh 'lI' th~ tour phases (tirst. second. -':\

and 3BL and habituation and l't-'rlnal in cOlh:entratiol1 a:' h~t\\~t:n-~L1hj('(t t~lctL1rs. T0 funht:r

reduce the nunlber üfbdl:.l\iL)ural categuri('s. Iying anJ 'llltlng dr standin~ ~ti 11 \\ ('r~ grllurl..'d

tog~ther as ·still".

-+.3':. i Firs[ plwst! (()-(j minllft.!sl

The interactinn ~ff~cts 0ct\\('e!1 beha\'Ïoural c~H('~l1ry and habituation. and b~t\\-:.:n

behavioural category and formai in concentr~Hion. \Vere signi tieant at th~ p<'O.O 1 I~\'d and

were tùrther examined by t-t~sts with Bonferroni corr~l.:tion. and LSD post hoc analys~s.

rèspectivdy.

Sleeping and t~eding beha\'iours Jid not lKl.:Ur Juring the tirst phase. whik

backwards locomotion was infrequcnt. Lying and sitting or standing still was increased in

the 2. 5 and 100
/0 formalin groups as compared to rats that did not re<.:ei\·e any tormalin

(p<O.OS). Exploring was depress~d in th~ ,2° 0 and 5° 0 fonnalin groups compared lL)

uninjected contrais (p<O.OS). Exploration was depresst:d in habituated animais as compared

to unhabituated ones (the ditTeren<.:~ was signiticant in the 1°'0 and 5~/0 groups (p<O.OS). and

approaching signi ficance in the ,2% group (p<O.1 0). Grooming increased from the no

tarmalin to 1~/O formalin group. the difference approadling signiticance (p<O.07) and was

then dose-dependently depressed through the 2. Sand 10 0:0 groups (P's decreasing from

0.025 for 1~Io vs. 20/0 l'amlal in groups and 0.002 for 1~/o vs. 100/0 tormalin groups).

Particularly in habituated animais. grooming decreased progressively up to 50/0 formai in.
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and \\as not obse:rye:d in the 10° 0 g.roup.

-+"J"~"ii SeL'O1ld phus..: (,\\-/ ~() mi1llllL!SJ

Behaviours during the second phase: of the formalin test did not diffe:r significantl~

between the habituated and non-habituated animaIs. l'Ir bet\\'een the Jiffercnt formalin

treatments. The ratios of JitTere:nt responses changed 111arkedly Juring the :-ic.:~nnJ phJsc.:.

minutes: Figure:s 18 and 19) for the purpnse of further JnaIyses..-\\0\'.-\ l)f the seclmJ

phase no\\' re\"ealed that bd1a\'iour was signiticantly di fkn.:nt bèt\\een [he four time siL1ts

(p<O,OO 1). and the interaction bet\\een fùrmalin concentratil)11 and phase \\as approaching.

sig.ni ticance (p=O.ü6 71.

[n the tirst part l'If [he SC~oIlJ phase 1S tn 30 minutes i the ~l~li\ il! in aIl treatmelll

groups \\'as \'cry high. The main difference betwèen thr..: higher .U1d k1\\cr fi.1rmalin

concentration was the lKcurrence l)f BL~ t (10°0 unhabituateJ anJ 511 0 and 1(10 Il nt"

habituated rats). This heha\'inural respl'lnse may allgn1eI1t thr..: in~rt.:ast.: in ~Kti\'ity nt' thr..:

higher formalin groups. Acti\'ity during the nexr tin1e period (32 tL1 bO minutes} \\as

depressed as compareo to the tirst part of th~ st:cond phas~. [n the period of 62 to Lll)

minutes. the actiyity was lo\\'er in tht: 5 and 1OO:ô groups, This may haye bt:t:n du~ to tht: faL.:t

that in these animais pain pèrsist~J through this rime periùd. \\'hil~ th~ pain respons~s in

others had ceased. Sleeping occl1rr~d only in rats that r~cèi\'~d lower formalin

concentrations. During the last part of th~ s~cond phast: (92 ta 120 minutes). an incr~as~

in sleeping can be obser\'ed in aIl treatnlent groups. The decrease in acti\'ity throughout the

second phase can be observed in Figures 18 and 19.

-I.J. 2. iii Tllird phase r2-/611OUrS)

The interaction between formalin conc~ntration and beha\'ioural category \\'as

significant in phase 3:-\. Sleeping was signilicantly depressed in th~ 10% lornlalin g.roup

as compared to the no formai in contrais lp<O.O 1). In the same treatment group inactiy~

behaviours (lying. sitting or standing still) were signiticantly increased (p<O.OS). During
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the waking p~rioJ l) f thr.: t~st ( lOto 1() hours pl)stt'nrmal in. rhas~ 3B)th12 dfects uIt0rnwl in

and habituation on g~neral bdla\'iùur was nL)[ signitiLant. :\0 r.:n~Ll nf formalin anJ

habituation on general bdl~l\'iour \vas ùbs~l\·~J. The rat~r JiJ not obsr.:r\'~ any aJditiùnal

differencès b~tween the trèatment groups.

-1.3.3 ~Iorbidi~' and agitation

tr~atçd as mUlually r.:xdusi\è categories. \\'hen beha\"il)ur \\as nl)rnlal a score l)f '1)' \\as

recorded. Figure 20 shows agitation in the tirst anJ sel.:unLÎ phase ofth12 test anJ nll)rbidit:

in the second and thinl phase..\gitation JiJ not l1l.:CUr liuring the thirJ phase \\hile

morbidity was nùt seen in the tirst phase.

l'he en~ct ùr agitation \\as nlH analysed b: .\'( )\' \ :-,incè thè heha\ il'llr JiLl 11l)l

lKcur in no~rL)nll~lin l)r 11)1) fùrmalin gruups. anJ in the 211
q gruup it llnl: dLCLlITèd

infrequently in on~ subject per group. Therdore only the ag.itation scon:s in the 5° 1) and

10°'0 groups \\'ere tested ag;.linst the l1o~form:.llin group llsing [-test. In thèse groups agit~ltil1n

was signiticant in the second phast: (p<O.05 for 5~'o tormalin groups and p<O.O 1 lor 100
Il 1.

During scoring. agitation ~orrdateJ highly with backwarJs llh:omotion.

Rt:peat~d n1~asures :\~oV:\ rè\'ealt:J that th~rc \\;;1S a signi tic:.lnt int~ractil1n

bt:tween tormalin dose and phase of the tormalin t~st and a signiticant effect ofphase. \\ hill:

the effect ofhabituation and forn1alin dos~ was not signiticant. The signiticant int~raLtiL)n

\vas investigat~d by in\'estigating thè effect of forn1alin l)n mnrbidity at ~ach phase of the

formalin test. In the tirst phase no morbidity was scon:d. [n the second phast: only the 2° 1)

formalin group had a n10rbidity score signiticantly higher than no-fom1alin ~ontrols. In the

third phase. rats that received any formai in treatments "ere signiticantly morbid (p<O,05

for the 2~/o formalin group. and p<O.O 1 for the 1.5 ând 10° 1) forn1alin groups. Th~se effects

are depicted in Figure 20.
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Figure 20

Morbidity and agitation scores in the fonnalin test. Morbidity was oruy ohserved in the

second and third phase, \vhile agitation only occurred in the frrst and the second phase.

* indicates the score is significantly greater than that of no-fonnalin controls.

** indicates that the score is significantly higher than that ofcontrols at the p<O.Ollevel.
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Chapter 5

Analysis of effects of morphine

5.1 Objectives

In this èxp~riment. tht: rdalil1nship bt:l\\een th~' ..ll1llHlI1t l)f pain and the analgesic

potency ofmorphine \\as in\'estigatt:J. \lnrphine dose-efft:ct rclatil1nships \\ere established

o\'er the full range of l'n~qllently lIseu formalin conct:ntratiul1s. fhey art: sho\\'n in Figurt:

20, romlalin concentration-dTect rdationships Jt tixeJ Ilh)rphine JllSt:S \\ erè estJhl isheJ

l'rom the same data sets ~lnJ art: sh\J\\ n in Figure 21,

5.2 Experimental design

Rats \\ère ranuomly assign~d into () groups. each rt:prt:senting one of six lormalin

concentrations (0.75. 1.5.2.25.6.75 and 13.25°0). From t:ach \)f thesè groups. thè aninlab

\Vere further assigned to three or tlJLlr subgroups nf ti\'\? subjt:ct. corresponding ta di ftè rt: nt

doses of morphine. ~lorphine doses \Vere detemlined sllch that the pain scores \\ere

submaximal (i.e" animais diJ not display continllolls pain ht:ha\'iours throughout the test l.

and were administered 30 minutes before fnrmalin. The dl1Ses ranged l'rom 0.25 ta S mg kg.

Beha\ iour was sampkd e\'ery t......-o minutes. for 6U minutes alter the administratil}n

of formaI in. The pain b~ha\"iours displayt:d in tht: timt:-p~ri()J b~t\\~~n 12 and 60 nlinllt~:-i

post-formalin was l1s~d to dett:rnline the pain ind~x. The bdla\"iollral si.:al~ llS~J \\ as

identical to that llsed in Exp~rim~nt 1. and is describ~d in Tabl~ l.

The dday in obtaining pernlission from the .-\nimal Ethics Committee ta carry out

experiments using formalin concentrations o\"er 5°"0 withollt administration of analgesic

agents did not permit aIl exp~riments to be conducted in the desired order. Therefore. the

investigation ofmorphine dose-effect relationships at different formalin concentrations \Vas

conducted prier to the analysis of formalin-induced behaviours over the full range of

formalin concentrations. Because 0 f this. the behavioural rating scheme used was that
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Jt:s~rib~d by .-\bbott t:t al. (19951 t'nr torl11alil1 Jos~s rangmg l'rom 1).5 tG 2.5 0 o. rh~

assumption was Illadt: that rorm:.ilin-indll~~J pain incr~as~J Jos~-d~p~nJ~l1tl: up tu 1Il ll !)

fornlalin. and only a strong analgt:sic (Illùrphinc: 1 \\as us~J in th~ anal: si s. It was alsù nùt

possibl~ to run no-nl0rphint: contrnl subjt:cts. Th~ basdinç pain lç\d lK~urring at çi.lch

formai in conct.:ntration in thl? abs~nc~ ofnlorphinc: \\'as th~rd0n: ~stima(~d hy int~rpl}lating

th~ morphin~ dosè-èft~ct rdationships.

5.3 Results

\lorphinc: dos~-dr~ct rdatil)nshi ps at Ji ftt:n:nt ttxmal in cnll~~ntratil1ns ar~ sho\\ n

m Fig.Ufè 20. Each linl? connèct;-i thç m~~ll1 pain SCl1rl.?~ l)htain~J llt' rats that rç~~i\'~J

differ~nt morphint.: Joses at l.}lle l'\Jrmalin ~lHlcentratil)n. Illè rangt: l'( lll,'rphinè dOSèS at

èa~h formalin ~on~~ntratil)[l \\i.lS dll~~~èl1 in a \\:.1y that thè [ll\\I.?~t 1l1l)rphinl..' dOSè p~rmilt~J

a pain n:sponSè that \\as submaximal. i.è. thl.: animab l.iiJ Ilot :;hl)\'\ (I1ntinul.)us pain

behaviours. and the highèst morphinè JOSè ~lllè\'iatèd \irtually aIl pain ..-\t any formalin

concentration. an incrèas~ in mùrphinè Jos~ rèsultèd in a JI.?Cr~aSè in thè p:.lin respons~. nlè

exception ta this was 0.5 mg. kg ml)rphinc at 1Q'l) fonnalin. \\ïthin thl.: rangè nf Il)\\èr

morphine doses (UP to 1.5 mg., kg). an increase in formalin concèntration incrcasl.:J the

requirem~nt for morphine to maintain th~ sam~ le\'e! of pain control. This can be ObSerYèJ

by a progressive rightward shi ft. in the nl0rphine dose-en~ct rdationships Olt tixeJ formalin

concentrations. At foml~din conc~ntrations higher than 1.50 o. the requirement for morphine

no longer increased \Vith incr~asing flJ rnl:l lin concentrations. \\ hich can bè concluded l'rom

the lack of a right\\'ard shiti in morphinè dose-eft~ct rdationships. The S mg kg morphinè

dose appeared to black pain induced by any fornlalin concentration (UP to 13.50 0).

~Iean pain indices produced by different fomlalin concentration Olt 2. -+ and 8m~ kg

morphine \vere replotted in Figure 21. to sho\\' formalin Jùsc-effect rdationships at tiXèd

morphine doses. At 8 mg/kg morphine. no fornlalin concentration prodllc~d a signiticant

pain respanse. At morphine doses lo\ver than 8 mg/kg. in th~ lower range of formalin

concentrations (1ess or equal te 1.15~/O).an increase in fonnalin concentration increased the

pain response. Ho\vever. as the fornlalin concentration increased further. the pain response
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appcart~d to Jccr~as~ \\ith an incr~ast.: in morphine JLlS~.
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• 0.75 % formalin
• 1.00 % formalin

-.- 1.50 olé formalin

-. 2.25 % formalin
• 6.75 % formalin

-. 13.5 % formalin

•
Figure 11

Morphine dose-effect relationships at different formalin concentrations.

76



•
• • 2 mg/kg morphine

-e- 4 mg/kg morphine

-. 8 mg/kg morphine
100

80

·~-----1e

----~~.
6.75 13.5

60
c
cuc.
~0

40 '

/ 1

~/
/

/

j 1
1

20 . /
1

1

1
1

1
1

a ~/• • •1 1.5 2.25

Formalin concentration [%]

•
Figure 22

Formalin concentration-effect relationships at different morphine doses.

77



•
•

•

Chaptt:r ()

DISCUSSIO~

The fomlalin t~st is a Llseflll animal pain moJd. Furmalin-indllceJ pain occurs Jut:

to tissue injury. and resembles man: types ofclinical pain. as l1ppùseJ tn L)tht:r pain n1l)Jd~

in \\hich transient painful stimuli are presenteJ and rain thrt:sholJs are nleasured. lîlt:rt: art:.

hO\\"è\'er. clJnsiJerabk incùnsistencies n:garJing thl.: I1h.'thl)Jolùgy of the test. ["he til1lè­

sanlpling m~thl)(i \"aliJateJ in the present stuJy is ,111 attempt tl) sil11plit~ thè sl.:l)ring

procedure of the LèSt. [t makes it h:ss Iahllur-intèl1si\ t: ~lIhJ time cùnsuming. It alSl) prl)\ idèS

tht: opportunity tü score lHher bdla\"iL)LlrS and prl)\ iJe .l\.Uitinnal quantitiahk intlHl11~lli\)l1

nn pain and pharmacùk)gical treatmt:nts. ["he seo 'lld \)hkcti\ è \\ ~lS tl) èxamine ~d 1

commonly ùbst:r\"t,~J bdla\"iùurs inJl1I':èd b: tht: rangè \11' ù)ncentratiL)nS 1110st communl:

useLÎ. anJ exanline tht: t:n~ct of stn:ss dllè to nL)\ d èn\'ironment on responst:s tn

subcutaneous tornlalin. lîlè Iast èxperiment in\'estig~~tèd the reqllin.:nlènt of morphine b:

formalin concentration.

6.1 Validation of the time-sampling rncthod

P~rfomlingthe tornlalin tt:st is a d~nlanJing. task. I11Jinly becaus~ b~ha\'iollr is r:.lt..:J

tor a longer period of time than in ùther pain tests. and some of the bdla\"Îoural responses

must be scored continuous[y. [n a typical pharmacologil:al study. where thre..: doses l1f a

drug are tested along with a no-drug control group. \\"ith l1nly t\\'o subjccts rated at one tim~.

ten hours of testing are required to obtain mean pain scores tor ti\Oe animais in each

treatment group.

fnvestigators ha\·e attenlpted ta simplit~" the scoring of the fomlalin test. usually by

rating only a subset of the beha\·ioural responses. Obser\'ing tèwer beha\'ioural responses

may be an easier task for the observer. Ho\vever. the present study. which is in agreement

with that of Abbott et al. ( 1995). shows that the pain indices that best correlate with the

naturallogarithm of formai in concentration require the scoring of lift and lick. bite. shake
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and tlinch. ~lor~o\'~r. methods emplL)ying ~implitied hdla\'ioural ~,-=pring. are IllH Illon:

l?fticient than continuous rating l)f ail pain-sp~citic hdl:.l\'ilHlrs. h~caus~ constant

obse[\'ation of aniInals is still reqllirèd. In soml? publications researdlèrs report scoring

beha\'iours only during short time pèriods..-\s was sho\\n in the SeCl)nJ è'p~riment. th~

pain response to difterent l'ormalin concentrations \'ariè$ in JuratilHl anJ magnitllJl?,

Scoring only a part of the response may thërdore be Il?SS rdiabl~ t~)r l?stimating thè Il?\ d

Two LlutùmateJ systems havc hecn Jè\"dopeJ to Jccrease the JI1101lnt nt' labour

required. and to increase time-eftidel1cy. They Jo not. hl)\\e\er. Jistinguish bet\\l?en

difterent pain-specitie bdla\'iours. The pain intensity is int~rreJ l'rom less specitic acti\'it:

measures...\s a result. certain pain-spl?citic beha\'iolirS may nut he detcctcJ hy the

automated mcthùJs. \rl?ilher L)f the uuttHlluteJ systl?ms 1Jeu & \ li,-=helsnn. [l)l)6: JlHlrJan

et al.. 1(97) '-=:.1n Jetect. tor eX:.llnple. pain bdla\iollrS sllch as lying -.;till \\ith the injectl?d

paw lifted abo\'e the noor. [n addition. in the Jutomated system by JlHlrJan ct al ( [l)l)i 1.

diazepam appeared to proJllce analgèsia. \\'hilç: J~tt & \ lil.:helslJn ( l tNô} diJ not tl.:st their

system for the dTect 0 f no n-:.lnalgl.:s i1.: sl.:dati Vl? agents on thl.: pain s,orèS. [t is probablè that

sedative agents would prodllce pSèlldo-analgesia in the dynamic force change apparatus.

The time-sampling method ofscoring formalin-induceJ behaviours introduced here

has many ad\'antages over the traditional continuous rating. \Vhen beha\'iour is sampled

e\'ery minute or e\'ery t\\"o minutes. the scoring is considerably less demanding for the

observer. The amount oftime reqllired to Jescribe an animal"s instantaneous behaviour by

entering [\\"0 or three behavioural codes is in the arder of seconds. L p to ten animais have

been tested llsing this method when beha\'iour was sampled e\'ery two minutes. provided

the rater is experienced and can maintain a ,-=onstant look-and-enter rhythm. :\n experienced

observer \vill tinish rating ten animais in less than one minute and will be able to rdax until

the next rating bin. The number of animais that can be tested simultaneously is limited

primarily by the number of aninlals that can be injected during the time bet\veen two

contiguous ratings. The program is started at the time of the tirst injection. hence aU rats to

be tested have to be injected before the tirst rating one or two minutes later. Ir is important
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that r~ts ~r~ injcxt~d in th~ sal11t: ()rd~r th~: ar~ ohs~r\ èd_ .\ stlldy llsing t\\o-l11inllt~ tim~­

sampling. ta rat~ t~n rats simultanèlHlsly \\ill r~qllin: ti\~ tim~s lt:ss scoring. timè than if

continuolls rating w~re llSèd.

Results obtain~d by thè tin1t:-san1pling con1pared \\~ll ta those 1'ron1 continUl)LlS

rating. and th~ tim~ course of pain-specitic beha\'iours L)btain~J fran1 sanlpling è\\~r:

n1inute or e\'ery t'Va minut~s \\'as almast identical ln that of continuOllS rating. Th~

\\'as highly signi ticant. as \\ ~rc th~ corrdations b~t\\ ~en pain iI1Jic~s com put~d l'rom r~sul h

üf bath mt:thoJs. Th~ conc~ntr~ltÎL)n-dl~ct rdatianships èsuhlish~J from time-samplin~

Jata 'Vere \-irtually iJentical ta continuolls rating. L1I1èS. paniclliarly for tht.: second phaSè lIt'

the test. \lost importantly. the statistical pl)\\'t~r \\'as not r~dL1c~d. so that the Silm~ nllm bèr

of subjects p~r group yidJeJ ~qllally robust rèsllits. Simibrl~. huth mdhl)Js \\èrè ~qllall:

sènsiti\e to morphine ~lllalgèsia and rè\ èalèd al111t)st idèntical l11urphinè dl)sè-èllèLl

rdatiùnships-

;\nother important aJ\'antag~ of the tim~-san1plin~ mèthoJ is that oth~r beha\ IlHlrs

can be rated in addition ta the pain-specitic ones. This is simply don~ by ~nt~ring on~ ur

more additional b~ha\'ioural cod~s each time a rat" s beha\'iollr is b~ing described. In t~u;t.

this method is very tlt:xibl~ and can be lls~d to dès~ribe many differ~nt aspects of

behaviaur. sl1l.:h as the degre~ to \\'hi~h a pharmacùlogi~al agent is sedative or ex~it~lt()r:,

It also allows the extent ta which the beha\"iour is nornlalised to be used as an additional

index ofanalgesia. [n the present study it was observed that rats that were habituated ta the

testing environment. and did not recei\-e any formai in. displayed a cyclical pattern of

b~haviour that was not observed in formalin-tn:ateu rats 1Figure 6). Formalin-treateJ

animaIs. in addition. displayed less exploratory heha\'iour and more inactive b~ha\"iours.

Administration ofmorphine reversed the depression ofacti\'ity at lower doses. At 2 mg kg.

behaviour appeared to be normalisèd. although this dose of morphine did not product:

complete analgesia if only pain-specitic behaviours were considered. \Vith a progressive

increase in morphine dose an increasing degree ofsedation \vas ahserved. Complete black

of pain responses occurred at 8 mg/kg morphine. [t is probable that effective clinical
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analgèsia is ohtainèd at tht: UOSè that normalizès hèhayiour, This \\l1uIJ bè t:L)nsist~nt \\ith

th~ \'t:ry lo\\' dOSèS of buprèllorphinè. whidl \\as sho\\l1. in a stlldy hy Lilès & Fkt:knèll

( 1994). to reduc~ post-surgical adipsia and aphagia in rats.

6.2 Analysis of formalin-induccd behaviours and the effect of habituation

.-\ widt: rangt: of fornlalin concentrations is us~d in the fornlalin tèSt. and tht:rè is

magnitude of pain may dt:pènd on slIch tèsting conditions as tl1è t:on~l.:ntratiL1n l1ftl1rmalin

used or \vhethèr or not tht: animais ha\è beèn timi liarizèd \\ itl1 thè l)bsènèr and thè lèsting

~n\"ironrl1t:nt. and during \\hich timt: pèrioJ the hdl~l\'iollr is scorèJ. Iîlè prèsent stuJ: \\as

dèsigned to in\-èstigatt: tht: èl'fèct of thèse tllctors on pain l11èaSllrèS cnmmonly uSèd and the

formalin concèntration-dTect rdationships. [n addition. a prnlilè l)!" gèl1èral bt:ha\"iours

inJucèJ by formalin was t:stablisht:J.

AIl formalin concèntrations (1 to 10° 0) proJucèJ the lypÏl.:al hiphasic rèspL1l1Sè. [n

agreement with most reports. thè tirst phase \\as ternlinatèd \\'ithin the tirst 5-6 minutes,

The interphase appeared very brie r. and most rats began to sho\\ continuous pain

behaviours as early as 8-10 minutes arter formalin injection. althùugh in th~ literatur~ tht:

interphase has been reported to last approximately 10-15 minutes (T.il1lsen ~t al.. 19921.

The duration of th~ second phase \'aried \\'ilh forn1alin l.:ùn<.:entratil1n. The rèsponSè

temlÎnated within 60 minutes in rats rect:i\"ing 10
0 formalin. and lastt:d prl1g.r~ssi\"dy longèr

in rats that received higher concentrations (approximately 75 minutes in the 50
/0 fomlalin

group and 90 minutes in the 10% group). This observation is not in ag.reement with Tjolsen

et al. ( 1991). who report that the second phase pain beha\'iollrs last llntil approximately 40

minutes after formalin injection. They do not. ho\\e\"er. refer tG what forrnalin

concentrations this conclusion was based on. ~Iost res~Jrchers observe beha\'iollr only

during one hour after formalin injection (Appendix [). and at the same lime the most

commonly used concentration is 5%. the pain responses displayed past 60 minutes post­

formalin are not accounted for. During the remaining time ofthe 16-hour test session (third

phase). most rats displayed occasional tàvouring and lifting. This residual pain increased
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gradl1ally \vith increasing fornlalin conc~ntration and h~cam~ signi ticant as ~ompan:J to

uninjected animais in the 10°0 formalin group.

The best predictorLlfthe le\'è! ofpain was deternlin~d hy the analysis ùfcorrdations

b~tween pain-specitie responses and the log of fornlalin clllh':l.:ntration. Tht.: tinJings are in

general agreement with those of .-\bbott ~t al. ( 1(95) and (\lderre et al. ( 19(3): no single

behaviol1r nlanaged to explain 50° 0 of the variance: fa\'lluring corrdateJ negati\"dy \\ith

general shaking (shake. tlinch or \\'hùl~-boJy t1inch: SI-' \\' 1. \\'hich is most commonl:

included in . tlinching'. The cOlnbination oft\\ù nl~aSllr~s~l)l11bined (tl inch-l ick 1perfornled

weil in the second phase. \\h~re they explained 50°0 ù rthe \ ~lriance in habitllat~d rats (\'ùl,:

in/;'lI). The best pain indices \\'cre the surn of lifting and li~king. biting or pa\\, shaking

1SF\\'1. as ",dl as th~ \\~ighted mt.:ans SCLlre hy Dllbuissl)l1 & Dennis ( 1l)7ï) and \\'atslll1

et al. (1Q(7), These meaSllres ha\'e het.:n prt.:\·inllsly tounJ tl) hl..' morl..' rODust than an: l)th~r

measure (Abbotl et al.. 1995: Coderre et al. 1993: \\'atsl)11 ~t. al. 1i.)l)71.

.~\ good pain meaSllre shùuld be resistant tL) :-i~Jati\ ~ agl.:nts. ~nd he ahl~ hl

discriminate between s~dative and analgesic eft'ects of il seJati\"t~ analg~sic. The weighted

means scores have been tested using non-analgesic sedati\es tûr formalin concentrations

up to 2°/0. They \Vere found ta be relatin:ly resistant ta th\? sedative effects ofpentobarhital.

and were not atTected by amphetarnine u-\bbott et al.. 1995). [t \Vas not possible ta conduct

the same tests in this study. due ta ~thical cùncern of not llsing a strong analgesic with 5 and

101% formalin.

Acute stress has been shawn ta reduce clinical pam (~lelzack et al.. 1982 J.

Similarly. stress can affect the behavioural responses in ~:mimal pain nlodels. Howe\~r.

chronic stress has been found to aggra\'ate pro longed pain 1Jiscllssed bdow). .-\bbott &

Franklin (1986) have shown that acute stress due to no\'d environment reduces formalin

pain. Here we show that rats that \Vere not habituated to the testing en\'ironment show

somewhat different responses to formalin. The effect of habituation on the beha\'ioural

response to formalin \Vas investigated by comparing formalin concentration-effect

reiationships for diffèrent periods of the test. as \Vell as its effeet on general behavioural
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stat~.

Tht: t:ft~ct of habituation \\as most promin~nt dLiring th~ tirst hal t'-ho ur of th~

rormalin test. ln the tirst phase. habituated animais that rcc~i\O~d 1(} l) formalin Jisplay~J

significant pain. while the unhabituated animaIs did not. [n unhabituat~J ilnimals pain

responst:s only rost: ta signiticant levds at 2°'0 formalin. o-\t high~r concentrations

habituation did not have an eft"ect. hO\\èvcr this may he Ju~ tù our ùhscr\'i.ltions that

inti·a). The l111St:t of the second phasè \\'as signilic~mtly I..kla: èJ in lInhahituatcd animais.

although the é.lrèa Linder the pain \'s. tinlc cllr\"c \\as nul ~lft~(l~J. [,hè rn1pllrtinn llt" pain

beha\'iours in the s~cond and thirJ phas~ JiJ not Jin~r h~t\\ ~~n th~ grLl11p:-;.lll)\\O~\èr a si ight

trend \Vas obscr\'cd in hahituatiL)n proJucing a si ight right\\ arJ shi ft in tortl1alin

concentration-effcct rdatiùnships. 1hl.: magnituJt: of the et"fcct Llt" hahituation may hcnce

deCrèi.lSè with l:lmiliarizatil1l1 tl) th~ CI1\irùllment Juring the t~~t. [,h~ ~n~ct L1fhahitllatilll1

on general beha\'iour also ùl:currl.:J at the bèginning ll( thl.: lèSl. [n thl.: lirsl phase

unhabituated rats explored more and groon1èd Jess than habitllJtèd lmes. Ouring the second

phase of the test the prominent di ftt:rencc betwcen habituuteJ and unhabituated rats was a

more frequent occurrence ofwhale-body t1inching in unhabituated aninlals. This appe3reJ

occasionally at concentrations as la\\' as 20 '0. and progressivdy incrèJs~d to J0°'0 formalin.

while in habituated animaIs only a small amollnt of\\"BF was l1bser\'~J in th~ 10° 1) tornw.lin

group. This implies that \VBF is a specitic pain bcha\·iour. The subjecti\Oe appearance of

this response suggests the presence of 3 higher levd of pain,

Since habituation conditions prodllce a signiticant effect on pain-specitic behaviours

it is important to be aware that ignoring this \'ariablt: may produce l'aise int~rpretation of

specitic results. For example. in experiments with pharnl:.lcological treatments that alter the

degree of stress due to novd en\·ironnlent. such as opioids. rats that have positi\"e drllg.

experiences associated with handling (è.g.. repeated administration prior to testing) will

experience less stress on the day of the test. and may sho\\" a decrease in the pain respons~

due to familiarity with the experimenter and/or the testing en\'ironment.

.~other important observation was made. As mentioncd abo\'e. \VBF occurred
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mor~ in th~ second phase in llnh:1bituat~J animais, ..\$ \\as tl1~ntion~J ~arli~r. \\'BF ll1a~

inJicate high~r k\'els of pain. In th~ S~CL)I1J phase an inJèx nt' highèr pain ~t?nsation coulJ

be related to the f:1ct that in prolong~J dinical pain strèsS aggra\'~ltes the pain. In sorne

animal studies it has :1150 b~en shawn that. while aCllt~ stress t~l1ds tù Jecr~:lse pain (,\bhutt

et al.. 1986a). pralongeù stress may ~nhanï.:e it (l'.ing et al. Il)l)6).

T0 in\'estigate fonnalin concentration-dTect relationships th~ SLlm of lifting anù

lil~l'inll hitinn "'U' -:h'll'Înn "."" ""''''~ '1" th .... in,l.,,, .~fn·lin ln th" t~l"',t '"'h·"'· •• t:'l"'n"l·,lin_in,IIl, 1.... _........=- .. -· .. ···e _. _.._ .....::- Il ...... ---- ~.- ..... - ••• __ •• _. t'"'- ........ & ....... - ••• ~ .. t"' ..._~,,- .. .. "-" .................... •••~ -...

beha\'iours increased signiticantly from Ill) fl)rm:.llin Up to ~I) 1) r~)rm:.llil1. \\h~r~ pain-specitic

beha\'iollr appeared to b~com~ asymptotic SiIlI.:e concentratil)n-JepenJc:nt increase \\'as nu

longer ObSèI"\'ed..-\ similar asymrtot~ in the bdl:.l\·iollral r('spl'llSeS in the tirst phase has

bt:en ùbser\'ed in micè. \\'h~r~ pain-specitic respùnSèS in th~ tirst phase pbte:111t:J at U,21l
1)

formalin. while second phasè bdl:.l\'iùural rt:sponse:s tl) r~lil1 (L)JllinuèJ tn incrC:i.lse: \\ ith

tormalin conc~ntration (RllslanJ d al.. !l}l}Ol. l'his ma: è\['I.II11 tl1r.,~ rlhlrCl)rrl.:latilllll)t",dl

beha\'ioural meaSllr~s with k1g of tormalin JùSI.: in the: tir"t rhasc:. ln t~lCt. the ~prr('l~llill[b

somewhat impra\'~d when the: high formai in JllS~ 11l)0l)) \\as l1l1t inclll<j~J in the caklllatll)f1

of tht: caefticients of carrdation. [t is clear that. to obtaln statistical power in stllJies

conceming the tirst phase. larger samples than ti\'e rats per group would be nècessary,

In the second phase of th~ fornlalin test (8 ta 12U minutes). formalin produced a

dose-dependent increase in pain rc:sponses with fornlalin concentration. This incn:ase in

pain response appeared to be log-linearly related fonnalin concèntration. The pain n:sponse

increased with fonnalin concentration in tWQ dimensions: it b~camè more intense and lasted

longer. Within the tirst part of the second phase (llP to 60 minutes - 'phase 21.·). with

increasing formalin concentration. rats spent more time displaying lifting. licking or biting.

tlinching. shaking and \VBF. Howc\'er. these beha\'iollrs bècame asymptotic at 5° 0 formalin

and did nat increasc at 1O~ô. The difference b~twt:en 5 and 10° 0 fornlalin CQuid he.:

quantitied by the increase in the duration of the response. This can bè best obser\'cd by the

shape ofthe cancentration-effect relationship depicled in Figure 15. Nlast researchers using

the fonnalin test use 50/0 formalin and score behaviour for only 60 minutes. \Vhether the

fonnalin test is performed under these conditions. it is not sensitive to treatments that
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produce hyperalg~sia. This problem can bt: solved by ~ith~r extenJing. the ùbser\"~ltiùn

period or decn:asing the t'onnalin concentration.

During the second phase the Jiffer~nce between 5 and 10°'0 ttJrmalin lies mainly in

the duration of th~ response. As mentioned abù\,t:. al 5° (] fornlalin the beha\'iours are

already saturated. Howe\'er. several observations point tùwards the faet that by loùking at

tht: complete behavioural response there is indication that pain does increase l'rom 5 to 100
0

almost non-existent at formalin concentrations up to 2° Il. lh~ anhHlI1t "hll\\ eJ at 51l n was

not signiticantly bigger than zero. \\hik at 10°0 it was. Of ail the pain neha\'illl1rS ~elJred

in the formalin test. this beha\'iour appears to the obsener th~ most se\~re anJ may indicate

higher le\'ds l)f pain. Fl1rther c\"iJence fL)r this increase Cllll1es (rom the llhser;ation that

10° 0 tornlalin. In addition. BL\1 1r~troplllsiùn) occurreJ almnst exdusi \ ely in the 10° 1)

tormalin group. The latter beha\'iollr has bet:n associateJ with higher k\ e1s of clinical pJin

in n1an (Bergouignon et al.. 1068).

The analysis of general beha\'iollr re\'ealed that t'(xmalin atTected the behavioural

state of the animais. Similar effects 0 f formai in were obser"t:d during the tirsl phase of the

test (0 to 6 minutes) and the tirst quarter 0 fth~ second phase;: 18 to 30 mint1t~s postformal in).

At 1 and 20 /0 formalin. there was a concentration-dep~nJent J~~rease in exploratiL)n. This

is in agreement \\'1th the obsen'ations of:\bbott ct al. ( 1l)95). l'or ~oncentrations up to 2.50 n.

In addition. formalin appeared to reduce activity by increasing Iying and sitting still. but not

sleeping. which did not accur in the tirst half-hour of the;: test. In the 5 and 10°10 formalin

groups the effect on activity \Vus reversed. This is due partly to the occurrence ofback\vards

locomotion in these groups of rats. and aiso because of an increase in exploratory

behaviours that occurred because ofagitation produced by the high Ievel ofpain. In the tirst

phase formalin appeared ta dose-dependentIy depress grooming. This is also in agreement

\vith Abbott et al. ( 1995). ho\vever no effect of formalin on grooming was observed Juring

the second phase. ln the second quarter of the second phase (31 ta 60 minutes) the effect

of formai in on general behaviaur \Vas less pronounced. Sleeping began to occur in the no-
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formalin controls and 10\\"èr fornlalin concentrations. Dllring the thin.i quarter acti\'it~ \\as

lo\\'~r in the 5 Jnd 10°1) groups \'5. the LHher trCJtnlCl1t gl\HIPS, During this p~ril)J of tim~

the rats that reCei\'èd 5 ~nd 10° 0 1'or111alin \\cn: still exrcri~ncing pain \\hich may be rdateJ

to the depression in acti\'ity, \lon~on~r. the obser\'er notcd on sè\'cral ÙCC~SiL)nS that thèse

animais displayed ptosis. piloerection and sometimes hunched posture. more sa than other

animais which appeared ta ha\'e already r~co\'ered li'nm the pain. L'ntil the end of the

formalin groups except a dl1se-dependent Jeprcssiùn in ~keping during the tirst part of the

third phase (2 to 10 hours posttormalinl: the anll.11ll1t of tim~ spent slecping \\as

signi ticantly lower in the 10° 0 formalin group versus th~ un injectcd control:" l'his implics

that the residual pain al 1n° 1) fornlalin is bch~l\'iL)urall: ~ignitic:.lnt.

Pain-speci tic and gel1eral beha\'iour point to\\ar~b '-1 uestinning the lise of fnrmal in

concentra.tions commonly llsed in the scienti lie 1iterJtLlr~, Fi \e percent fl1rmal in pruJLlcc~

maximal pain rcsponses in the perioJ of time mùst cl)[nl1ll)nl~ obser\'cJ (() to {JO minutes J.

and as mentil)ned ahove, t'iJrmalin treatments in exce,,~ Il( 5° II don't produce great~r pain

h~\'ds when beha\'iour is rated ùn~ hour postfornlalin. This do~s not mean that pain does

not increase when the formalin conc~ntration is raised to 10°0 formalin. :-\s a matter ofràct.

the change in general behaviour. e.g. an increase in backwards IOl:omotion. whole-bod:

tlinching and subjective agitation in the 10°'0 formai in group support the idea that pain dL)eS

increase but is not detectable by the pain-specitic inJices due ta ceiling. effects, Since

formalin produces an almast linear increase in pain bdla\iour up to 5°'0 in the tirst hour. J

lower formalin concentration will be more susceptible: (0 treatments that alter pain

behaviours. i.e. an increase in sensiti\'ity of the test. :-\dditÎL)nal support for the use oflo\\~r

formalin concentrations is provided by the analysis of g~l1eral beha\'iour which indicates

that formalin concentrations of 5°'0 and higher produce subjective distress which is not

observed at lower formalin concentrations. ~loreo\·er. 5 and 10% fonnalin produce pain

responses lasting over an hour. Pain behaviours that are displayed past 60 minutes after

formalin injection and are not scored. produce unnecessary pain and suffering and raise

ethical concems. Similarly. 100;0 fonnalin produces significant behavioural disturbance and
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pain up tn t~n hOllrs postl(]rmalin. l'se of such high tûrmalin conc~ntrations shoulJ b~

a\"oid~d unkss there is speeitic justitication.

6.3 Analysis of effects of morphine

\Iorphine dose-ertt:et relationships at a wide range of formalin concentrations (0.25

lU i J.5° 0/ \\CfC l:ull~lrl1l:lt:J<.tno tilt: nl0rpnint: rcquiremem by t\.1rmailll ClH1Cel1lrallOn \\as

~xamined..-\t CL1ncentrations up to 1.5 0 o. an increase in t"l1rnlalin concentratinn im.:rt:ast:d

the requirement for morphin~. This can b~ obs~f\"~J by right\\ ard shifb l1f murphin~ Josc­

~ftt:ct curn~s in Figure 21 ..-\t hight:r fonl1alin cancentratil)ns. an incr~as~ in fomlalin

concentration no longer resulted in a rightward shift of th~ Josc-t:ftt:ct cun~s. rhis cei 1ing

~ftt:ct is not ta Ju~ to a lack of increase in pain \\"h~n formaI in cùnct:ntratil)(1 art: raiseJ. :\s

JiscllsseJ abo\"e. pain inereases Josc-J~p~ndently at kast until 10° 1) t"nrmalin. l'he

phenomenon is therefore more likdy to be rdated ta the mechanism of;}ction ofmorphine.

As can be obser\"ed in Figure 22. the intèractiùn bd\\t:t:n fornlalin pain and morphine

analgesia mimics that of a typical non-conlpetitive antagonism. It appears that morphinl:

aets bya mechanism resembling a \'ah·t: that controls the How ofa liquid. At ~ach morphine

concentration there appears to be a maximum possibk ilffiollnt of pain that can he

experienced. and this amount decreases with increasing morphi n~ dose. 8 mg: kg morphin~

appeared ta block aIl pain.

At the lower fannalin concentrations it may be that a din~rent neuronal mechanism

underlies the morphine analgesia. It has been shown that an injection of the GABA agonist

muscimol inta the ventro-caudal brainstem blacks the eftt:cts of high doses of morphine.

but not 01'10\'/ doses (Gilbert & Franklin. 1998). The present data would be consistent \\-ith

the morphine effects observed at higher formalin concentrations being mediated by

bulbaspinal descending systems. The effects at low tormalin doses cauld either depend on

forebrain mechanisms (Franklin. 1998) or peripheral effects (Hong & Abbott. 1995).
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Chapt~r ï

CONCLUSIONS

Tim~-saInplingis a lèSS demanding and more ènici~nt n1ètht1d ofb~ha\·iollral rating. lt also

enabl~s the obser\"e:r ta s~ore non-sp~l:itil.: bd1a\"ioufS. Thèse: pro\"iJe: Llsc;f1.ll aJJitional

infonnation about the pain-rdatcd phenol11ena unJer stuJ: "

\\'he:n 1 to 100
() torn1alin l.:ùtKènrratit)n arc LlseLi. the: bèSt pain inJil.:es are: the sum of li t'ting

and lil.:king. biting l)r shaking. and the: \\eigllteLi mè~ms S~~)fI:S. In thè tirst phase pain

respùnse:s to f~Jrn1alin I.:onccntratiùns ù\èr 2° () are: not Jistingllishahk using any rating

sche:me: studied. ln the sel.:ond phase. pain inl.:feaSeS l:Oncèntf~ltll)n-Je:pènJèntly be:t\\èèll 1

and 10°"0 formalin. Bdla\'iour shnllid be sl.:oreJ fur at lt:at \)lj !l1 inlltc;s \\ hen cnnl.:entrat i~ \n~

of 5°0 and o\"er arc llseO. IO°l) forn1alin prOdlll.:èS signitil.:ant rcsidual pain and Skèr

disturban~e,Habituation to the: testing c;n\"ironment increJses the sensiti\'ity to tormalin in

the tirst phase and increases the rate of risc of the second phase,

Properties ofn10rphine analgesia change \\'ith the dose useJ anLi the formalin concentration.

There may be twa dift"erent mechanisms by which morphine alle:\"iates formalin-indul.:cd

paIn.
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.-\.PPENDIX 1

Sci~ntific r~pons publisht:d in th~ \\'orld lit~ratur~ in 1997-1998 Llsing th~ r;.lt Cormalin

modd of acut~ injury-induced pain. Th~ table sho\\s th~ authors. th~ formalin

concentration and \·olum~. th~ pain measurè Lls~d if any. thè timè for \\hid1 pain \Vas

recorded and \\'hèth~r th~ rats \\'~rè habituatcd prior ta testing.
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Appendix 1

First Author forDla- ,.11 clJuiva- sitc of injection hcha\'Îoural uthcr dura- hahitu;l-

lin 1%
) lents* pain IIlC;lSUrc hcha\'iourall lion lion

physiological (Inini
IIlcasurc~

Abbadie ct al. ') 50 ') s.e., plantaI' surfilee of Hinching "
1997 hind paw

Abboll & Bonder 2.5 50 2.5 s.e., plantaI' sllrt~1Ce of lili-Iic" \ - 50 15 min x
1997 hind paw 5 days

Abbotl ct al. 1 50 1 s.e .. piaillaI' sllrf~1Ce of lift-lic" \ - ..JO 15 min x
1997 hint! paw 5 days

Ahmadiani ct al. S 50 5 - Ilinching .. - ..J5
1998

Aloi~i ct al. 10 50 10 s.c., Jorsal surface of licking \ : - {)O

1997 hind paw Ik\il1!-! 1 :

IL'll ing

Altier & Stewart 2.5 50 2.5 s.c., plantaI' surlücL' of \Vt\lSIS - (JO ~ x (,u
1998 hint! paw 1111n

Altier & Stcwarl 2.5 50 .., - S.C., plantaI' Sl1rt~ICL' or \Vf\lS 1S - (lO_.)

1997b hind pa\\'

Altier & Stewart 1 - 50 2.5 s.e., plantaI' SUrhICL' 01" \\' t\lS 1S - (,0 ~ x (,u_.)

1997a hind paw mlll
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First Author forma- III equiva- site uf injection heh~,\'i()unll other durll- hahitua-

lin 1%1 lents* (min nlc~.surc bch~.\,inu rail liun tiun
physiolo~~ical llninl
Incasurc~

Bannon ct al. 5 50 5 sx., dorsal surl~u.:e or l1inching "~ - ()()

1998 hind paw liek (

Bardin ct al. 5 50 5 s.e., plantaI' sllrt~lce of lieking 1 - 30
1997 hind pa\\'

Barr G.A. 10 10 ") sX., plantar surface of \VivlS ( IS) - (lO

1998 hinl! paw

Bhalnagar ct al. 1.25 50 1.25 s.e., hind paw l1illchillg 0': hlood 70 14 hours
1998 lick 1 pn:ssurc.

hL'al1 raIe

Bhatnagar ct al. 10 100 20 s.e .. distal part or lail
1998

Bucrklc ct al. 5 50 :) s.e., hind pa\\ l1inchillgO - hO
1998

Cadet ct al. 1.5 50 1.5 pa\\' or upper Jip Il iIll' Il iIl!-! .' - 75 1) min :\
1998 lllhhiu!-, ~ days

Carlton & Zhou
..,

~() 1..1 - 1i11-1 il:k 1: - (lI) 15 min x-
1998 llindJing , ~ da)s

")
-
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First Author forma- pl cquiva- sile of injection heha\'iounll othcr dura- hahitu'l-

lin IU/oi lents* p,lin nlCaSUr"c hclul\' io Ilnll/ lion lion
ph)'siological Inlinl
rncasurcs

Chaplan ct al. 5 50 5 s.e., dorsal Sllrl~U':~ of Ilinching ;. - 60
1997 hintl paw

Courteix ct al. 5 50 '" s.c., dorsal Sllrf~lCè of \V~1S \ - 45 15min-'
1998 fùrèpaw

Culman cl al. 2.5 50 2.5 s.C., hind paw licking ( - IS
1997

Dalal & Mdzaek 2.5 50 2.5 S.L., plantaI' surfüL~ of \V~11S ( - 50
1998 hintl paw

Davitlson ct al. 5 15 1.5 s.e., plantaI' surfileL' of lift t1ick C - 45 J \ JO
1997 hind paw mlll

Dirig cl al. S 50 5 S.C., dorsal sllrhH':~ of tlinLhing ./ P( il: 1 60
1997 hind paw radioimll IUIH 1

.Issa\

Donk & Sawynok ') - 50 2.5 S.L'., dorsal sllrJ~u':é of Ilillching (lO_.) -
1997 hind l'aw

Erh èt al. 5 50 5 S.L .. dorsal sllrl~H:L' of Il illl.'hi ng . - hO 15 min
1997 hind paw

"'
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First Author fornla- ,.tI equiva- site of injectiun hcha\'ioural othcr dura- hahitua-

lin ICYo) lents* p.ain me.asure bchaviourall tion lion
physi()lo~icill JUliol
nlcasurcs

Euchenhofcr ct al. 5 50 5 S.C., dorsal SUrfi.H':~ or Il inchillg " 60 IS min-
1998 hind paw

Field el al. 5 50 5 S.C., planlar surli.u.:c or licking :1

45 IS min-
1997 hind paw

Fuchs & Mclzack 2.5 50 2.5 s.c., pIailla.. surli.u.:e or WIvlS ( - 110 10 min
1997 hind paw

Giardina t.:l al. 5 50 5 S.c., hind pa\\ tl iIlchi Ilg ;. - J5
1998

Granados-Soto cl al. 5 50 5 S.C., hinJ pa\\' llindling :: - (JO )0 min
1997

Hao & Ogawa 5 50 5 S.c., dorsal slIrlllCC of Ilinching " - 60

1998h hinl! pa\\'

Hao & Ogawa S 50 5 s.e., dorsal slIrlücc ur Ilinching .. - 60

1998a hind paw

Hermanson ct al. S 100 10 - ( '-Iùs - 3 hours
1998

Hcrmanson & 5 100 10 - ( '-fus - _, IIIHlrs

Blomqvisl, 1997

..J
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First Author fornla- JlI equi\'a- site of injection hrh&l\'iounll othrr dunl- hahitua-

lin 1%1 Icnts* pain Illcasurr hcha\'iuu rail tion lion
Jlh)'sioJuJ~icill (mini
nlC;lsurC~i

Hou cl al. 5 50 5 s.e., planlar surtilee of \\1 ~\'lS 1 ~ - 60 none
1997 hint! paw Il inching il,

1ick ing/hiting (.

Hua ct al. 5 50 5 s.e., dorsal slIrt~lcc or llinching ;: - 60
1997 hino paw

lyvcngHr cl al. 5 50 5 s.e., dorsal ~lIrÜICC of lid,ing l " - 50 60 min
1997 hino paw

Jaggar cl al. 1 - 50 1 - s.e., dorsal sllrt~lec of \\' f\IS ( - 60 15 min x_.) _.)

1998 hind paw 4 days

John cl al. S 100 10 - - ex1r~l \'~IS~11 il ))1

1998

Jourdan cl al. 5 50 5 s.e., planlar slIrl~lcL' nr \\' t\1 S ()O

1997 hind paw ( ; lUit 1III ;t Il' li 1

Kang ct al. 1 50 1 s.e., dorsal slIrt~lcC or Il inching - 60

1998 hind paw

Kauppila ct al. 5 50 5 S.e., plantar surlücc of lin-lic~ , - .lU
199H hinl! pa\\'

:'
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First Author forma- ,.11 cquiva- sitc of injection hchu\'ioural othcr dura- tUlhitu,l-
lin I(~)1 Icnts* pain mcnsurc hchn\'iuurall tiun lion

ph)'siolo~ic..1 Iminl
nlCêlsurcs

Kwak et al. 5 150 15 - - ('-Iè.)s
1998

Li etaI. H 50 H - - t '-lè.)s
1998

Liu ct al. :2 200 H - - ( '-lè.)s
1998

Luccarini cl al. I.S 50 1.5 uppl:r lip rllhhing - 45
1998

Machclska ct al. 12 100 24 - Ilillching Il - 75
1997

Manning & Franklin 2.5 50 ') - s.c., plantar surface or lili-lick l 50_.) -
199H hind pa\\'

Mcnally & 1.5 50 1.5 S.L.. plan laI" sllrf~lcL' ur Iilt-lick 1 - -Hl 1) min \
Westbrook, 199H hind pa\\' 4 days

Morrow cl al. 1 - 50 ~.5 S.L., hinl! pa\\ cL"l'L'hral Illood ~5 1-2_.)

1998 lhl\\ \\L'L'ks

Ncncini ct al. 5 50 5 s.c .. dorsal slIrbcL' of 11illcliillg - ()I)

1998 hind pa\\

()
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First Author fornla- ,d equiv.a- site of injectiun bclHIv iu u nt 1 uthcr dunl- IUlhitUil-

Jin IUA., Icnts* p.ain rllcasurc hchaviounll/ lion liun
physiul(t~ic,,1 InlÎn)
IUCClsurcs

Nozaki-Taguehi & 2.5 50 2.5 s.e., planlar surfi",:e of llinching " - 60
YUlnamolo 1998a hind paw

-

Nozaki-Taguchi & .., - 50 2.5 s.e., planlar surlüce of Jlinching l, - 60_.,
Yamamolo 1998h hind paw

Ol1l0tc ct al. S 50 5
1998

Ortega-Alvaro ct al. 1.1.5 100 1.1.5 - licking ( - SO ~()- .10

1997 III III

PClcrson ct al. 5 lOf) 10 S.e., dorsal sllrl~lce of Ilinching . - 50 1Xhuurs
1997 hind pa\\'

Pini ct al. 5 50 5 s.c., dorsal surlllce of l1inching '. - hO
1997 hind pa\\'

-
Pini ct al. 5 50 5 S.c.. dorsal surfacL' or llllll.'hing - hO 2 IH lurs
1997 hind pa\\

-

Przcsmyeki cl aJ. 5 50 5 S.l:., piaillaI" sUl"llln.' of Ilillching . f\lhlJ'(U.lll'sl (lI'

199X hind paw IlH ll\ U'

pL' rI .. l III lLl Il CL'

7
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First Author forma- ,.d equiva- site of injection heh~l\'i()ural other duru- huhituu-

lin (cYol lents* (lain lucasurc hclulvinu nlll tion tion
(lhysiolugical Inlinl
nlC,lSUrl'S

Przesmycki ct al. 5 50 5 s.e., planlar sllrl~ll:e of 11 inehi ng " - 60
1997 hind paw

Randolph & Pctcrs 5 50 5 s.e., hilld pa\\ Iil:k 1 - 50 24 hours
1997

Sandrini et al. 5 50 5 s.e., dorsal sllrJ~tCl: of llinching il 40-
1998 hind paw

Sawynok & Reid 0.5 50 0.5 s.e., Jorsal Sl1rt~lCL' of llinching 1/ - 60 .10 min
1997 hind paw

Sawynok ct al. 1.5 50 1.5 s.e., dorsal Sl1rl~ICL' or Il inching 1 - 60 .lO min
1998 hind paw

Shilnoyama ct al. 5 50 5 s.e., hind pa\\' llinching 1/ - 60
1997

Shimoyumu ct ul. :' 50 5 s.c,. hint! pa\\ Il iIlchi ng - h()

1997 liching 1

Sinlmons ct al. :) 50 5 s.c., dorsal sllrl~Hx Ill' 1iL' hiIl!! 1 rolorud "~sl of )() 1 h( lurs
1998 hind paw JIll Ih Ir

pL'r 1'( Illll<lllCL'

x
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First Author forma- ,... cquiva- sitc of injcction hdlil\'ioural othe." dunl- hahitua-
lin 1%1 Icnts* (lain InC~lsurc hclul\' in li rail tion tion

(lhysiologicul (nlinl
mCilsurcs

Taylor ct al. 5 50 5 - llillching ;i~ - 90
1998 licking \

Taylor ct al. 2 50 s.e., plantar sllrhlc~ of Il il1l:h ing ;, - 70
1997 hint! paw

Teng & Abbott 10 50 ~U':., plantaI' sllrl~lce or lift 1 liek IS - hO
1998 hind paw

Vaccarino cl al. ') ~ 50 ') ~ s.e., planlar sllrl~ll'ë of \\'i\ IS 1 - 70 1() min_.) _.)

1997 hinJ paw

Vitale et al. 5 50 5 - Il inchillg i, - (l() 2 hllurs
1998

Walson ct al. :) 50 5 S.L, piaillaI" surl;lCL' lIf \\i\IS 1 1Iitraslllllld (0 )(1

1997 hind pa\\ 11Ie..'aSlIl"l.'

L1cti\"it)

Yamamoto ct al. 5 50 5 - llillehing .. - 60
1997

Yushpa1 ct al. 2.) 50 ') - S.L, plantaI' surface..' (If \\'f\1S 1 - (l()_.)

1998 hind paw

l)
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First Author forma- ~ll

lin I(Yul
equiva­
lents*

site of injection bchaviounal
pain lucnsurc

othcr
bch~l\'iournl!

ph)'si()I()~icill

IllCnSUrl'S

duna­
tion
IUlinl

••
hnhitua­
tion

Zangen ct al.
1998

Zhu et al.
1997

10

5

50

60

10

6

s.c .. hind paw

WrvlS (

microdyal isis
- afCllah:

nuclcus

60

* Formalin concentration computcd Iè.H" a SOpl volume
WMS = wcightcd means score
" indiculcs simple counting quantilication
rs indicatcs tinlc-sampling mcthod of llUi.1Il1ilication
t' indicatcs continuous raling

10


