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ABSTRACT
I'he tormalin test in the rat is a trequently used model of acute tissue injury-induced pain.
but data collection is time-consuming and labour intensive. and very wide ranges of
tormalin concentrations and behavioural indices of pain are used in the literature. The
present investigation validated a time-sampling method of scoring formalin-induced pain-
specitic behaviours. The method improves etficiency by at leasr a tactor ot five and alse
provides measures of other aspects of behaviour. without the loss ot statistical power of'the
results. Using the time-sampling method. tormalin-induced behaviours were examined over
the entire range of commonly used formalin concentrations ¢ [-10% ). tor a prolonged period
of time (16 hours postformalin). The best predictors of the log of formalin concentration
were found to be the sum of litting and licking. biting or shaking the injected paw. and the
welghted means scores. The pain response increased dose-dependently up to 2% tormalin
in the tirst phase and up to 0% in the second phase if behaviour was scored tor at least 90
minutes postformalin. Significant residual pain occurred only at 10%0 tormalin. The ettect
of formalin on the behavioural state was most prominent in the tirst hour atter formalin
administration. At concentrations up to 2%. tormalin induced inactivity (lving and sitting
still). at the expense ot grooming and exploration. This etfect was reversed at 3 and 10%.
where activity increased and agitation occurred. After the second phase terminated. all
treatment groups showed significant ptosis. hunched posture and; or piloerection. Sleep was
reduced dose-dependently and became significant at 10% tormalin. Behaviour in all
treatment groups appeared to become normalised within 10 hours postformalin. Rats that
were habituated to the testing environment were more sensitive to tormalin than
unhabituated rats in the first phase. The onset of the pain response in unhabituated animals
was delayed and there was a trend for lower pain scores in the second phase ot the test.
When morphine dose-effect relationships were examined at varying tformalin
concentrations. there was a systematic rightward shift in the morphine dose-etfect
relationships up to about 2% formalin. at which point. further increases in formalin
concentration did not produce any further shift. and morphine appeared to non-

competitively antagonize formalin-induced pain. 8 mg/kg morphine blocked all pain.



RESUME
Le test du tormol est un modele de douleur aigiie causée par un dommage aux tissus qui est
tréquemment utilisé chez le rat. mais la collecte des données est ardue et une large variété
de concentrations de formol ainsi que d"indices comportementaux de la douleur sont utilisés
dans la littérature scientifique. La présente étude a validé unc méthode non-continue de
mesurer les comportements douloureux spécitiques causés par le formal [ a méthade est
au moins cinq tois plus efficace. et permet également la collecte de données sur d autres
aspects du comportement. sans une réduction de pouvoir statistique. En utilisant laméthode
“time-sampling’. les comportements induits par toutes les concentrations de tormol
tfréquemment utilisées (1-10%) ont ét¢ examinés durant une periode temporelle prolongée
(16 heures post injection de formol). La somme des soulevements et léchements.
mordillements ou agitation de la patte injectde. ainsi que la movenne de ces comportements
preédisatent le micux la concentration de tormol sous forme logarithmique. La douleur
observée a augmenté d 'une maniére dépendante de la concentration de tormol jusqu’a 2%
durant la premiere phase. et jusqu’a 10% durant la seconde phase si le comportement ¢tait
mesuré au moins jusqu'd 90 minutes apres I'injection de tormol. On peut observer de la
douleur résiduelte lorsqu’une concentration de 10% de tormol est injectée. L'etfet du
formol sur 'état comportemental était le plus marqué durant la premiére heure aprés
['administration du formol. Les concentrations de formol allant jusqu'a 2% ont causé de
["inactivité (les rats étaient couchés ou assis). au détriment du toilettage et de I'exploration.
Cet effet a été complétement éliminé aux concentrations de 3 et de 10% car a ces
concentrations le niveau d"activité a augmenté et de |'agitation est apparue. A la fin de la
seconde phase. les animaux dans tous les groupes expérimentaux avaient le dos courbé. et
ont éprouvé de tagon signiticative de la ptosis et/ou de la piloérection. Le sommeil a été
réduit d une tagon dépendante de la concentration de formol adminitrée. et était réduit de
fagon significative a une concentration de tormol de 10%. Le comportement des rats
appartenant a tous les groupes expérimentaux a semblé se normaliser 10 heures aprés
I'injection du formol. Les rats qui ont été habitués aux lieux et appareil ou le test du tormol

est effectué étaient plus sensibles au formol durant la premiére phase du test que ne {"étaient



les rats qui n"avaient regu aucune scéance d habituation. Le déclenchement de 1 expression
de fa douleur chez les animaux non-habitués était retardé. et il semblait que ces animaux
exprimaient moins de douleur durant la seconde phase du test. Quand la relation entre la
dose de morphine et son etfet a été examinde a différentes concentrations de tormol. il v
avait un déplacement systématique vers la droite de la relation entre la dose et 'etfet de [a
morphine et ce. jusqu'a une concentration de tormol atlant jusqu’a 2%. Dadditionnelles
augmentations de la concentration de formol n’ont pas produit d autre déplacement de la
courbe. et la morphine a semblé étre un antagoniste non-compétitt de la douleur causée par
le tormol. 8mg kg de morphine ont bloque toute douleur indépendamment  de la

concentration de tormol.
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Chapter 1

INTRODUCTION

[.1 THE STUDY OF PAIN

Pain is the most common symptom ot disease or iniury ¢ Adams & Victor, 1096,
Although intuitively it may seem to be merely a nuisance. pain is essential to an orzanism's
survival. Its purpose is to signal that injury has occtirred. or is about to occur. and it aflows
the organism to react and minimize the injury. Pain also serves as a negative reintoreer so
organisms can avord similar injury mn the tuture. In addition. it leads to protection ot injured
tissue and trequently reduces activity and induces rest. which allows tor taster recoven
trom the insult. The tact that experiencing pain is critical tor survival can be iflustrated by
individuals who sutter trom congenital analeesta. in which the fack ot pam sensation results
in frequent and repetitive injury. such as biting into the tongue while cating. burning one's
selt with boiling water. and not noticing that one's skin has been damaged. Humans. who
can communicate threats and dangers with other people. are less attected by the inabilin

to experience pain. but in animals this condition is catastrophic (Melzack & Wall. 1996).

l.1.1 The need for pain research

When pain no longer performs its biological tunction. it becomes an unnecessan
burden. This is true when pain is not a symptom of injury or disease. or in the case of
chronic pain where nothing can be gained from the pain. and the pain itselt becomes a
medical problem (Melzack & Wall. 1996). In the United States alone. at any point in time
there are more than two million working people incapacitated by pain (Jessel & Kelly.
1991). In some cases. the origin of pain is understood. and there are ettective means of
alleviation. However. in many cases. even when the cause of pain has been identified. there
is no remedy (such as in rheumatoid arthritis). and in others. the etiology is not tully

understood. A prominent example of the latter is phantom limb pain. where the part ot body



that seems to hurt has been amputated. [tis. theretore. essential that we investigate how pain
arises. and how we can intervene in that process to improve the sutferers’ quality ot lite

(NMelzack & Wall 1996,

1.1.2 Complexity of pain rescarch
Pain is a multidimensional phenomenon. and ail aspects ot 1t need to be studied.

Ceevtoae Ao

e ey coattarant maneal Theac coliadh soan o ook vl
[EP N SR R C AR I SN S U R A SIS TEN i ARSI i

central nervous system (CNS). This process is reterred to as nocteeption, and torms the
basis of the sensorv-discriminative component ot pain (Melzack & Wall, 1996), which 1s
experienced as the sensation of pain. The stimulus also activates NS svstems that extract
information about the motivational-attective and cognitiv e-evaluative signiticance ot the
stimulus. Mouvauonal-attective elements ot pain are subseryed primartly by reticular and
limbic structures. while the cognitive-evaluative aspects arise Irom neocortical processes.
The ultimate response consists of behavioural responses. swhich are presumed o improve

the probability of survival cAdams & Victor, 1996; Melzack & Katz, 1994,

[.1.2.A Nociception

The noxious stimuli act directly on peripheral cutancous and deep receptors. These
are the free nerve endings of high-threshold primary afterent nerve fibres. dispersed
throughout peripheral and deep tissue (Melzack & Wall. 1996). The activation of these
receptors initiates trains ot action potentials which travel along the sensory afterents and
enter the spinal cord. Two kinds ot neurons that transmit pain intormation to the spinal cord
have been identified. Small-diameter. lightly myelinated. tast conducting Ad tibres. which
are activated by high-intensity thermal and mechanical stimuli. and transmit to the CNS
information on sharp. pricking. transient pain ('phasic pain’: Jessel & Kelly. 1991). The
small-diameter. slow-conducting. unmyelinated C-tibres are activated by high-intensity
thermal. mechanical and chemical stimuli. and mediate persistent or "tonic’ pain (Jessel &

Kelly. 1991).

[BS)



Afterent neurons enter the spinal cord via the dorsal horns. and synapse with other
neurons in the marginal zone (lamina 1) and substantia gelatinosa (lamina . Some S
tibres project more deeply. and terminate in famina V. At the point ot termination. priman
atferents svnapse with other neurons. Neurons terminating at the level ot the substantia
gelatinosa convey the message to the ventral horns within the same or in adjacent spinali

segments and mediate somatic and autonomic retlexes (Adams & Victor. 1996). Neural

-—
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1.1.2.B Pain sensation

[n the dorsal horns sensory atterents synapse. directdy or through interneurons. with
neurons that project rostrally to higher brain centres. primarily in tive neural tracts. Most
of the projection neurons cross the nudline and ascend along the contraliteral side ot the
spinal cord. Projection neurons originating in laminae Land V-VIEot the dorsal horn ascend
in the spinothalamic tract to the thalamus. From laminae VII and VL neurons ot the
spinoreticular tract project to the thalamus and the reticular  formation.  the
spinomesencephalic tract onginates in laminae [and V and terminates in the periaqueductal
grev (PAG). mesencephalic reticular formation and other regions ot the nudbrain. From
laminae I and [V the nociceptive input is conveved to the ipsilateral cervical nucleus of
the spinal cord. From here. axons cross the midline and project to the thalamus and
midorain nuclei. From laminae {Il and [V axons also project to the cuneate and gracile
nuclei in the medulla (Jessel & Kelly. 1991). The ascending pathwavs deliver the
information about the noxious stimulation directly to the brain structures where thes
terminate. and to other brain areas indirectly. The nociceptive input enters an active brain.
so that further processing depends on the nature ot ongoing activity. The ultimate result is
the pain sensation with its sensory-discriminative. cognitive. evaluative. motivational and

atfective components (Melzack & Wall. 1996).

(W9)



1.1.2.C Puain belraviours

Noxtous stimulation can result in simple reflexive responses. These do not require
supraspinal processing or conscious sensation ot pain. and include withdrawal ot a limb
exposed to radiant heat. Responses that require processing in higher CNS structures and are
more complex are referred o as organised unlearned responses (Chapman et al.. 1983).
Organised learned responses occur when a subject has experienced a particular paintul

stiimutiis i the pastc and fas fearned 0 avord i0cChapman et aic, 19832 Dubner. 1994).

1.1.3 Mechanisms of pain modulation

Che magnitude of pain sensation is not always a direct function ot the intensity of
the noxious stimulation. [t is subject to modulatory mechanisms along the entire pathway
of transmission of the noctceptive input. Peripheral nociceptors can undergo changes i
their activity patterns as a consequence ol other activity in the nervous system (Mever etal.
1994). In the CNS. transmission can be attected at almost every svnaptic junction by local

events. as well as by centritugal input trom other CNS centres (Melzack & Wall, 1996,

1.1.3.A States of altered pain processing

Pain stimuli can evoke responses whose magnitude is expected considering the
intensity of the noxious stimulus. This is reterred to as normoalgesia. Only stimuh sutticient
or nearly sufficient to produce tissue injury evoke pain ¢ Yaksh & Malmberg. 1994y, The
state of increased sensitivity to stimuli (excluding the special senses) is called
hyperaeshesia. The latter includes hyperalgesia and allodynia. Hyperalgesia occurs when
there is an increased response to a stimulus that normally produces pain. Allodynia
describes the state in which stimuli. whether thermal. tactile or other. that normally do not
produce. result in a paintul sensation (Merskey & Bogduk. 1994). Hypoalgesia is an
increase in stimulus intensity required to produce pain. In other words. the magnitude ot the
pain response is reduced as compared to the magnitude of the response to the same stimulus
in the state of normoalgesia. resulting in pain insensitivity to a tissue-damaging stimulus

(Yaksh & Malmberg. 1994).



1.1.3.B Mechanisms underlying pain modulation

[ 1.3 B0 Changes in nociceptor sensitiviny

Activity patterns ot peripheral nociceptors can change atter they are repeatedly
stimulated. In the periphery. C-fibre nociceptors have been found to desensitize atter
repeated stimulation. while Ad-fibres become sensitized. A\ prominent example ot afterent
sensitization is inthe case ot peripheral inflammation. during which chemical mediators are
reieased rrom the nociceptors themseives. the jured tissue or blood cells. [hese mediators.
¢.g. bradvkinin (BK). prostaglandins (PG and leukotrienes (L), S-hydroxviriptamine
(3-HT). interleukins (IL). histamine. substance P (SP). adenosine and others. act on the

atterent neurons and decrease the threshold ot their activation (Mever et al.. 1994).

113 Bii Central nervous system plusticity

Neuronal cireuitry in the CNS can dramatically alter the transmission ot the noxious
input. and thus change the relavonship between the noxious stimuius and response. The
incoming events can be enhanced or attenuated. The underlying mechanism ot this plasticity
is that the noxious input elicits release ot neurotransmitters trom the atterent. intrinsic and
descending neural fibres. and subsequently attects local events ot neurotransmission. These
changes have been best characterized at the level of the dorsal horn (Dickenson. 1993).
Several neuropeptides have been implicated in altering nociceptive transmission. SP
originates from unmyelinated primary atterents. as well as intrinsic neurons and descending
fibres. It exerts its enhancing effect on nociceptive transmission by acting on neurokinin-1
(NK-1) receptors. Neurokinin A (NA). may play a similar role. Caleitonin gene-related
peptide (CGRP). somatostatin and galanin are other neuropeptides released trom
nociceptors into the dorsal horn. CGRP appears to enhance. while galanin and somatostatin
inhibit transmission ot noxious input (Dickenson. 1995). Excitatory amino acids (EAA)
glutamate and aspartate. thought to be released by small-diameter myelinated primary
afferents. interneurons and projection neurons. produce conditions tavouring nociceptive
transmission. This occurs due to their action on N-methyl-D-aspartate (NMDA) receptors.

as well as non-NMDA receptors. such as alpha-amino-3-hydroxy-3-methyl-
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4-isoxazolepropionic acid (AMPA). metabotropic glutamate. and kainate receptors. NMDA
receptor activation has been implicated in chronic pain states in addition to the acute
physiological phenomena. NMDA receptor activation has been associated with Ca™” intlux
which activates nitric oxide syvnthase (NOS). the enzyvme responsible for generation ot nitric
oxide. This gas may enhance tacilitated retlexes and promote nociceptive transmission. The
actions ot EAA on NMDA receptors. and SP on NK receptors promote prostanoid sy nthesis
which may also faciitaie Waisitussiont v oaeepinve stimulution

(Dickenson. 1993).

L1 3.Bii Inpur trom other brain centres tdescending control

The somatosensery cortex. the paras entricular hy pothalamic nucieus. nucleus raphe
magnus and the pontine fateral tegmental field have all displayved the ability to modulate the
tiring of ascending nociceptive neurons and spinal retlex responses to pain. Thetr acton is.
however. indirect. Medullary and midbrain structures have been shown to be the origin ot
centrifugal control ot ascending nociceptive pathways. The midbrain PAG. which receives
input trom other midbrain and torebrain structures. as well as from the spinal cord. sends
its projections down to the rostral ventromedial medulla (RVM). The latter includes the
nucleus raphe magnus (NRM) and nucleus reticularis magnocellularis (RNMC). The most
important origin of descending tibres travelling to the spinal dorsal horn. via the
dorsolateral tuniculus. originate in the RV M. These projections terminate in the superticial
laminae and lamina V of the dorsal horns. The neurotransmitter involved in their action
appears to be 3-HT. The dorsolateral pontomesencephalic tegmentum (DETP) also appears
to supress nociception in the spinal ascending pathways. primarily by means ot descending
noradrenergic projections to the dorsal horn (Fields & Basbaum. 1994).

The site at which the descending inhibitory pathways originate is rich in opioid
receptors and endogenous opiates. They appear to be one site of action ot opioid narcotics.
In addition. these syvstems allow that the level of incoming pain sensation is altered by
certain complex CNS conditions such as motivation. stress. anticipation. attention. emotion

etc. (Melzack & Wall. 1996).



1.2 ANIMAL MODELS OF PAIN

Advances in the knowledge othow o atleviate clinical pain rely almostexclusivels
on animal experimentation. Over fitty ditterent animal pain models have been developed.
all of which rely on the assumption that the behavioural and physiological responses that
occur in the animal are similar to those that would occur in a human presented with the
same noxious stimulus. The employment of animal models of pain serves two main
purposes: it ailows us to intlict pain and study the way m which noxious sumulation
produces pain: similarly. it provides us with the opportunity to study the mechanisms
producing analgesia. as well as to idenuty new analgesic agents (Dubner. 1994: Franklin
& Abbott. 1989).

[tis important to be aware of the limitations associated with cach pain model. and
the conclusions that can be interred trom experimental obseryvations. Ditterent paradigms
employ ditterent types ot noxious stumuli. and these may elicit ditferent phy siological and
behavioural responses and underlying paintul experiences. Fach test may retlecta dissimilar
neural or pharmacological mechanism. [t 1s essential that the model ot pain chosen be
relevant to the clinical problem being addressed (Melzack and Wall. 1996). [n the same way
that ditterent pain stimuli activate ditterent neuronal pathways. ditferent types ot pain may
be difterentially susceptible to different analgesic treatment (Franklin & Abbott. 1989).
Some pain models measure simple retlex responses. such as tail-tlick or limb-withdrawal.
others require supraspinal processing. The latter may quantity unlearned or learned
behaviours (Dubner. 1994). Examples ot'the ditterent types of pain models are summarized

below,

1.2.1 Simple reflex models

Simple retlex models include the tail-tlick test and the limb-withdrawal tests. [n the
tail-tlick test (D'Amour & Smith. 1941). a heat stimulus 1s applied to the animal's tail. and
the time the animal takes to withdraw its tail trom the heat source is taken as a pain
measure. Similarly. in the limb-withdrawal test (Bennett & Peterson. 1973) a limb is

stimulated thermally or electrically until the animal withdraws it. As in the tail-tlick test.



the withdrawal latency is taken as a measure of pain. These tests measure pain thresholds
rather than quantitiable pain. The animal has control over the noxious stimulus since it can
withdraw its tail or limb and terminate the noxious stimulation. The stimulus produces little
or no tissue damage. Although the change in withdrawal Litencies due to administration of’
analgesic agents in these pain models 1s generally a good predictor of analgesia in humans.

retlex behaviours are not a measure ot pain per se. Limb-withdrawal and tail-tlick oceur in

a pain sensation can not oceur (Dubner. 1994).

1.2.2 Models requiring supraspinal processing
These models of pain require that the noxious stimulation be processed by higher
CNS structures betore a response oceurs. Fhese responses. unbike simple retlexes. will not

oceur in decerebrate animals (Dubner. 1994: Chapman et al.. 1983,

1.2.2.A Organised unlearned response paradigms

Unlearned response paradigms involve noxious stimuli-induced behaviours more
complex than asimple retlex. These are voluntary responses and require supraspinal senson
processing. and have not been learned prior to testing. With respect to the duration ot the
noxious stimulus they can be grouped into phasic pain models. in which the stimulus is of
relativelv short duration (in the order ot seconds). and tonic pain models. in which the
noxious stimulation is inflammation-induced and prolonged (in the order ot several minutes

to several weeks: Dubner. 1994).

1.2.2.4.i Phasic pain paradigms

In the hot-plate test. primarily used with rodents. a rat or a mouse is placed on a
heated plate. The measure of pain is the time required tor the animal to begin licking its
hind paws. This test is similar to the simple retlex pain models in that the pain is ot short

duration. and that the animal has control over the pain and can terminate the noxious



stimulation. The measure ot pain is lateney. and the test measures pain thresholds (Dubner.

1994).

1.2.2.4.di Tonic puin paradigms

Several paradigms involving longer-lasting. inflammatory pain. have been
developed. and are preferred models because the nature of the induced pain is similar to
mest clinteal pains cAbbou 1997 RDubner. 1940 Thc dititiials o not Lady ¢ conirol over
the stimulus intensity or duration. The pro-intlammatory agents used t induce pain produce
tissue damage. Another advantage of these models over the simple retlex paradigms is that
multiple behavioural measures are available tor pain guantitication «Dubner. 1994,
Complete Freund's adjuvant (CIFA )L injected intradermally in the il the plantar surtace of
a rear paw or the skin on the back. produces a generalized systemice disease. The writant.
comprised of tuberculin bacilli (myobacteriumy cell walls i nuinerat oil and emulsiticrs.
produces an autoimmune reaction (Franklin & Abbott. 1989 Coderre & Wall. 1987,
[njected into the tail. CF A produces arthritis in multiple joints, [n addition to inflammation
and hyperalgesia in the joints it also produces damage to other tissues such as eyves. ears.
genitals. skin. bone and liver. Subjects experience pain over a course ot several weeks. as
well as weight loss and reduced motor activity (Coderre & Wall. 1987). Pain is measured
by observing scratching. locomotor activity. weight loss and vocalization upon mechanical
stimulation ot the aftected limbs (Dubner. 1994). Although this is the only model in which
pain occurs over the course of several weeks. there are serious ethical considerations
regarding the use of the model. due to severe discomtort produced over a relatively long
time period (Franklin & Abbott. [989).

As an alternative to CFA. Coderre & Wall (1987) introduced the ankle joint urate
arthritis model. Sodium urate crystals are injected directly into one ankle joint
Inflammation and hyperalgesia remain localized to the injected limb. peak within 24 hours
of injection. and persist over the course ot approximately one week. This model does not

produce severe systemic disease. and the discomfort is shorter in duration.



The formalin test (Dubuisson & Dennis. 1977) 1s another model where a
pro-intflammatory agent is injected into an animal’s paw. which produces pain lasting
approximately on: heur. and edema lasting several dayvs. Pain responses are complex
(favouring. litting. licking or biting of the injected paw and flinching) and easily
quantitiable (Tjolsen et al.. 1992).

The writhing test ( Viyklicky. 1979) involves an intraperitoneal (IP) injection of an
irritant. which activates visceral afterent nenrans This is 2 modet of viseerat sain, and the
pain measures are various behavioural responses. such as internal rotation ot a paw. rolling

on the side. arching ot the back and abdominal contractions 1 Dubner. 1994).

1.2.2.B Learned or operant response paradigms

Operant response paradigms are models ot pam where the animal has control over
the noxious stimulus intensity or duration. [t can terminate the aversive experience by
performing a learned behaviour. such as pressing alever. Fhe measure ot pain is the latency
of the behavioural response. These paradigms involve complex supraspinal senson
processing and performance of subjects in the tasks involve attention. motisation and

learning (Dubner. 1994).

1.2.3 Ethical considerations

The general notion regarding pain research in animals is that this kind of
investigations are necessary. Physiological and pharmacological manipulations ot pain
mechanisms in humans are considered unethical and therefore not possible (Chapman etal..
1985). Animal experimentation is virtually the only means by which we can advance our
knowledge of pain control (Dubner. 1994). However. it is necessary to minimise the use of
animals. and the degree of pain and injury intlicted upon them. The responsibility
investigators have to display begins in the choice ot paradigms and careful planning ot their
experiments. since badly designed or performed experiments cause unnecessary pain and
provide little or no useful information (Franklin and Abbott. 1989). The least ethical

concern regards pain testing on animals under anaesthesia. or those that have undergone

10



surgery that minimizes pain sensation. e.g. decerebration. These experiments do notinvolve
conscious sensation of pain. More care has to be taken in experimentatton on awake.
conscious animals. and particularly in models of persistent and chronic puin and tissuc
injury. The level of induced pain should be closely monitored and kept to a minimum. The
level of pain should never exceed that which would be tolerated in humans (Dubner. 1994

Bowd. 1980). In addition. the experimental design should permit the use of the smallest
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1.3 FORMALIN TEST IN THE RAT

The formalin testis a model ot acute tissue imjury-induced cutancous pain (Franklin
& Abbott. 1989). [t was introduced by Dubuisson & Dennis in 19770 Dilute tormalin is
injected into one ot the animals’ paws. The antmal is then placed in an obseryatton chamber
and the behavioural responses are obsery ed.

Dubuisson & Dennis (1977) pertormed the teston rats and cats. Since then tormalin
induced behaviours have been studied in several species. such as guinea pigs
(Wheeler-Aceto & Cowan. 1991 rabbits ¢ Carli et al. 198 1), monkeyvs (\lrejaetal.. 1984,
octodon degus (Pelissier et al. 1989). domestic fowl (Hughes & Sutka. 1991). mice
(Hunskaar et al. 1985) and crocodiles (Kanui et al.. 1990). [t 1s. however. most trequently
emploved in rats and mice (Tjolsen et al.. 1992). [n the following review of the tormalin test

the tocus will be on the rat. unless otherwise indicated.

[.3.1 Formalin as a pro-inflammatory agent

The term tormalin reters to 37-39% tormaldehyvde. which usually contains 10-13%,
methanol as a stabiliser. mixed with normal physiologicai saline. Formaldehvde belongs to
the group of chemical compounds called aldehydes. which have been tfound to exert a
dose-dependent toxic ettecton cells (Harvey. 1973). Formalin's cytotoxicity arises trom its
ability to bind free amino groups of proteins. torming cross-links (Alberts et al.. 1994) and
causing protein precipitation (Harvey. 1975). When applied to tissue in vivo. formaldehyde

denatures cellular proteins and induces an inflammatory response (Brown. 1968:
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Miampambaetal.. [992) which manttests itselt in pain responses and swelling ot the paw
( Dubutsson & Dennis. 1977 Pain develops just seconds atter tormalin administration and
precedes the development ot histological changes associated with acute inflammation. The
initial pain is probably due to the interaction ot formaldehyde with ion channel proteins on
afterent neurons. leading to an intlux of sodium and eventual taiiure ot all tonic currents
over a period ot hours (Hille, 1992 Margmeanu. 1990y The mtlammatory phase begins
JUring this peiiod. paiii protatiy tosaiis
trom activation ot neuronal atterents by intlammatory mediators. Edema and extras asation
develop at a slower rate than pain. peak within a Jday atter rormalin injection. and can last
several weeks. Depending on the amount ol tormaling o small blister may develop. which

is then replaced with scar ussue (Dubuisson & Dennis, 19775

1.3.2 Formalin-induced pain

As implied by the preceding  discussion. e behavioural  response
tormalin-induced pain 1s biphasic. In humans, tormalin admmistration induces itally a
sharp. short-lasting pain. tollowed by a prolonged. poorly localized. burning pain
(Dubuisson & Dennis. 1997: Franklin & Abbott. 19891 [n rodents. two distinet phases ot
pain are separated by period where no pain appears to be expertenced. the so-called
interphase (Tjolsen etal. 1992: Frankhin & Abbott. 1989). In other species. such as rabbits.
the pain is monophasic. The ditferent protiles ot painful responses in ditterent species may
be due to activation ot ditterent underlving physiological processes (Tjolsen et al.. 1992).
[n rats. favouring. lifting. shaking. tlinching. ficking or biing the injected paw begins
immediately atter the injection and lasts some 3 to 3 minutes. This "tirst’ or ‘acute’ phase ot
pain responses is tollowed by a period where no pain responses are observed and rats tend
to be inactive (interphase). The pain responses reappear [3-20 minutes post-tormalin.
accompanied by an increase in locomotor activity ('second’ or tonic' phase: Dubuisson &
Dennis. 1997: Wheeler-Aceto et al.. 1990). The two phases ot tormalin-induced pain

display ditferent sensitivities towards specitic analgesic agents (Wheeler-Aceto etal.. 1990:



Coderre etal.. 1990). supporting the notion that the mechanisms underlying pain in the two

phases 1s ditterent.

1.3.2.A First phase

[nitially. an intraplantar injection of tormalin appears to induce pain by directly
stimulating peripheral sensory recentors (Dubuisson & Dennis. 1997: Hunskaar & Hole.
1987, and thus activ aitng petiphictal sensony aiicrens (3rowetai., 1903, Studies in mice
have led to the conclusions that direct stimulation ot peripheral sensory atlerents by
formalin results in SP and BK release. SP and BK may syvnergisucally participate in

inducing first phase pain (Shibata et al.. 1989y

1.3.2.8B Scecond phase

Pain emerging some [3 or 20 minutes post-tormalin is due o developing
inflammation (Dubuisson & Dennis. 19770 Hunskaar & Hole. 1987). Histamine. 3-117T,
prostoglandin E2 (PGLE2). BK and noradrenaline have been shown o play a role in the
induction of the second phase pain e Abbott et al.. 1996: Hong & Abbott. 1996: Shibata et

al.. 1989).

1.3.2.C Beyond peripheral stimulation

Formalin injected into a rat's paw has been shown to activate C- and AS -nerve
fibres (Puig & Sorkin. 1994: McCall et al.. 1996) ot the three branches ot the sciatic nerve:
saphenous (Heapy et al.. 1987). sural (Puig & Sorkin. [993) and tibial (Carli et al.. 1987).
The activation of the nerve fibres displayed a simiiar time-course to the behavioural
responses to subcutancous injection of tormalin (Porro & Cavazzuti. 1993). The sciatic
nerve enters the spinal cord at the tourth and titth lumbar segment. Neuronal activation in
the spinal cord has been demonstrated mainly in the dorsal horns ot the spinal cord.
ipsilateral to the injected paw (laminae L. II. V and VI: Abbadie etal.. 1997). Prolonged and

widespread neuronal activity was also observed in the deep l[aminae VIl and VIIIL Activity



in both the superticial and deep lamina display o time course similar to the behavioural

responses (Porro & Cavazzuti, 1993,

1.3.3 Mcthods of assessing pain and analgesia

The formalin test has been used to study many ditferent aspects ot pain. Formalin
induces inflammation at the site ot injection. and permits the study ot the intlammatory
nrocess and intlammation-induced nocicopiivin BTG clalL 1990, Hong & AbDoLL. 1vv6:
Shibata et al. 1989, Electrophys stological studies have been used to study the transmission
of noxious intormation along atterent nevronal pathway s.as well as the transmission in the
spinal cord and brainsten (Porro & Cavazzui. 1993). Electromyographic (EMG) techniques
can monitor muscle actuvity atter administration o tormalin. Electroencephalography
(EEG)has been used to investigate activity invarious parts ot the cerebral cortex tollowing
tormalin injection mcats and rabbits «Carli et al. 19700 ONS acuvity has also been
measured by means ot radioactive tacers. such as 1HC-2-deoxvelucose (14C-2DG.
Activatton of nerve fibres can be traced trom the periphery to the central nervous system
using electrophysiology. Neuronal projections in the spmal cord and brainstem that are
activated by formalin can be tdentitied by immediate-carly 2ene (IEG)y mapping. [EGs. such
as  ¢-fos. are expressed upon neuronal activation. and can be identified by
immunohistocemical methods (Porro & Cavazzuti. 1993, Microdialysis and micropertusion
have been used to clucidate neurotransmitter and neuropeptide release in the brain and
spinal cord (Tjolsen et al.. 1992). The biochemical studies during nociceptive stimulation
by formalin have examined the refease ot neuropeptides. neurotransmitters and other
neurochemical changes. as well as CNS processing and plasticity (Coderre et al.. 1990).
Pharmacological studies employved the tormalin test w study the mechanism ot analgesia
mediated by drugs such as opiates (Abbott & Palmour. 1988). non-steroidul anti-
inflammatory drugs (NSAIDs: Abbott & Hellemans. submitted for publication). local
anaesthetics (Coderre et al.. 1990). dopaminergic (Franklin. 1989). serotonergic (Abbott et
al.. 1996). GABA-ergic (Carmody etal.. [991 )and adrenergic (Coderre et al. 1984)agonists

and antagonists. tricyclic antidepressants (Fasmer et al.. 1989). excitatory amino acids
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(Coderre & Melzack. 19920y, caleum channel blockers (Coderre & Melzack. 1992b)y and
other pharmacological agents (Porro & Cavazzuti. 1993,

Appendix [is a list of scientitic reports ot studies using the formalin test to studs
pain and related phenomena. published between January 1997 and December 1998 It
contains detatls of behavioural rating and other pain assessment. formalin volume and

concentration. site of injection and other experimental vartables.

1.3.4 Behavioural studies

Behavioural studies use behavioural responses o measure the degree ot paintul
sensation induced by a tormalin injection. A variety ot behavioural responses have been
observed after subcutancous administration ot tormalin. and they can be grouped in two
distinct classes. Pain-specitic behaviours. which are presumed to be adirect tunction ot the
paintul experience. are quantitied and used o deternune o pain idex o estumate the
magnitude ot the pain. Other behaviours retlect the complex eftects of pain on more general
behavioural patterns. such as sleeping. grooming and exploring. Monitoring general
behaviour can also provide information on the action ot drugs studied in the formalin test.

such as sedative ettects of opioid analgesics (Abbott et al.. 1995).

1.3.4.A Pain-specific beltaviours

Formalin injection in the paw induces several ditterent behaviours that can be
quantified and used as a measure of the magnitude of pain sensation. Dubuisson and Dennis
(1977). described tormalin induced behaviours that are still commonly used today ( Tjolsen
et al.. 1992). The behavioural categories used are normal’. "tavour'. 'lift" and 'lick. bite or
shake' the injected paw. When all paws rest on the tloor. with the animal's weight equally
distributed between them. a score of "0 is recorded (normal). When both paws rest on the
floor. but a rat puts more weight on the paw that did not recetve the tormalin injection as
compared to the one that received the formalin. it is said to tavour the injected paw (score
'l'). When the injected paw is held above the ground. whether the rat is lying. sitting.

walking or grooming. a score of ‘2" is assigned ('lift"). The behavioural score of ‘3" is

th



recorded when the injected paw s ficked. biten or shaken (Dubuisson & Dennis. 1977).
Another pain response trequently emploved o quantify pain is ‘tlinching'. This includes
shaking the injected paw and convulsive tlexion ot the limb. paw and or the animals’ whole

hindquarters (Ryvan et al., 1985: Wheeler-Aceto & Cowan. 1990),

1.3.4.8 Methods of quantification

Dohavioural iospoiiscs Cait Uv o quaibiied o several didferent ways, sonie
investigators record the amount ot tme tormalin-treated animals spend displayving one or
more of the behavioural responses (Dubuisson & Dennis. 19772 Abbott et al.. 1993). This
is referred o as ‘continuous rating’. and s the most commonly used method of
quantification when tavouring. litting. Hicking, biting and or shaking behay iour are used to
determine pain levels. An alternative to pain measures expressed i terms ot time is
“time-sampling’. where behaviour is recorded at regular tme intervals. and pain scores are
expressed as frequencies of behay tours with respect with the total number of observations
(Altier & Stewart. 19980 Teng & Abbott, 19980 Farnestow, 1984, Another method ot
quantitication is counting the number ot times a certain behaviour is displayed in a pre-

detined time-pertod. This method uses mostly the tlinching response (Ryvan et al.. 1983,

1.3.4.C Methods of determining pain indices
Pain assessment methods can record a single behav roural response to obtain a pain
score (single measure methods). or a combination of two or more responses

(multiple-measure methods).

{.3.4.C. [ Single-measure pain assessment

Observing a single behaviour rather then distingutshing among several behavioural
categories is less demanding and may represent an casier-to-pertorm task. The amount of
time spent litting (Abbott et al.. 1981) or licking (Sugimoto et al.. 1986) the

tormalin-treated paw has been used as an index of pain. The number of flinches has also



been proposed to be a good indicator of formalin-induced pain, sensitive to analgesic
treatment (Ryan et al., 1985; Wheeler-Aceto et al., 1990; Tjolsen et al., 1991a, b).
Several studies have analysed pain measures by investigating the dose-dependence
of pain indices with respect to formalin 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
dose in the second phase of the test. It is alsc a measurc morc pronc o inier-observer
variability. Lifting does not significantly correlate with formalin dose in the second phase
of the test (Abbott et al, 1993). Licking. and particularly flinching, have been extensiveiy

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

41
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Figure 1
Methods of assessing pain in the literature using behavioural rating in the formalin test.

published in 1997 and 1998.
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pain measures. the best index of pain. [t was found to be a good predictor of tormalin dose
and morphine analgesia and was unattected by sedativ e non-uanalgesics. [t was. however.
only marginally sensitive o non-sedative analgesics (Abbott et al.. 1993), Wheeler-Aceto
& Cowan (199 1y analysed Hitting and flinching behaviours. Phey also concluded that licking
15 aftected by non-analgesic agents that either sumulate or suppress locomotor activity .

They proposed that tlinching is a better measure o he used. However this category of

S
[

Soliavioui failed to oxplaiin 25%e ol v ariawice of thie citecc o fomaiin in te studs by Apbott
ctal. (1993,

Ninety percent ot the scientitic reports using formalin o induce pain. that were
published in 1997 and 998 ¢ Appendix Do emploved behavioural rating o asses the
magnitude ot paintul sensation. Nearly 002y ot the behavioural reports scored a single
behavioural category. Approxmmately  halt o all behavioural studies used thnching

exclusively. and approximatels 107 scored licking the mpected paw (Figure 1

1.3.4.C2 Compoxite pain assessment

Abbott et al. (1993) systemancally anabysed all trequently emploved behavioural
meastres. and concluded that pain scoring methods that ke mto account more than one
behavioural response generally correlate better with tormalin concentration and analgesic
treatment. Approximately 40° o ot behavioural studies published in the vears 1997 and 1998
used two or more behavioural measures. 1990 ot the studies used the weighted means score
(WM S)method and 11?0 used the sum ot ume spent litting and licking or biting the injected
paw. Close to 11% of the studies used two or more ditterent pain assessment methods.

mostly the number of tlinches and time spent licking (7% Appendix [)

1.3.4.C.2.1 Weighted mieans scores
Several variations ot this method exist. As proposed initially by Dubuisson &
Dennis (1997). behaviour is rated continuously. and is categorized in four mutually
exclusive categories. as they were initially defined: ‘normal” (no pain). “favour’. "lift” and

"lick” (i.e. lick. shake or bite the tormalin treated paw). The mean of time each group of
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animals spends in cach category s assigned awerght. The weirghts are supposed to account
for ditterent pain intensities the respective behaviours indicate. The painindex s caleulated
by summing the preducts of the amount of tume in cach behavioural category with the
weight assigned to the category. Dubutsson & Dennis (19770 assigned weights 1. 2 and 3
w favour. Litt and lick. respectively. and proposed that the pain index be caleulated in the

following way:

DU 7 mmemememmeo oo eee . (kg D

otal tme

where T.. T.and T, are times spent tavouring. litting and lickmg. respectinely. Fuvounny
was thought o retlect lower. and litung and Ticking progressively higher, fevels of pain.
Watson etal. ¢ 1997 proposed a ditterentassignement olwerchts: 0, Tand 2. tor the

means ot time spent tavouring, litting and licking. respecunely:

DA = meemmmmemmemecnaas . (kg. 2y

total time

where T. and T are means ot times spent litting and licKing. respectively. The sum of
wetghted means are superior to all single measure methods (Coderre et al.. 1993, Watson
etal.. 1997: Abbott et al.. 1993). Watson et al. (1997) compared the weights proposed by
Dubuisson and Dennis (1977: 1.2.3) to the weights 0.1.2 and concluded that the latter are
optimal weights as determined by Pearson's correlations and multiple regression analyses
obtained from behavioural studies ot tormalin-induced pain and morphine analgesia. This
conclusion is obvious. since inclusion ot a vartable that correlates negatively with tormalin

concentration will necessarily reduce the value of r.
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P53 4.C 200 Simple sum of meuans
Asum of means ot tme spent hitng and lickig chehavioural categories 2 and 3.
Dubuisson & Dennis. 1977) may aiso be used as a painindex. This method appears to be
equally valid as the weighted means method cAbbott et all. 1993 Watson et al.. 1997). In
theory. this method may. however. tall into the category o weighted means. with weights
0.1 and | corresponding to behavioural categories 1.2 and 3. respectively 1 Watson et 4l

LRATE tod
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13 4.C 3 Qutomared systenms

An attempt has been made in recent years o deyclop an automated svstem tor
determining the pain intensity i the tormaldin test. This i~ primarily due o the tact that
manual scoring is tne-consuming. Most scoring methods use continuous raung (see Table
[y which only permits one or two subjects to be tested ~imultancousls. In addiion,
continuous caretul observation ot the animals 1s a demanding. vigilant tash. Recording the
number of thinches Jduring the testing pertod does not reguire continuous recording ol
behavioural codes. However. it does require continuous obsery ation and does not represent
an improvement over time sampling in terms of saving time.

The first automated system was developed by Jett & Michelson (19961, After the
tormalin injection. rats are placed ina clear plastic tube 10 ¢m in fength. with an internal
diameter of' 8 em. The apparatus measures 'dynamic force changes’ tJett & Michelson.
1996). and records it automatically as a single-measure agitaton index. The apparatus yields
a bi-phasic. dose-dependent response to tormalin and is susceptible to analgesic agents. and
the results obtained by this method seem to be consistent with a manual scoring method.
However. the pain index is based on a single parameter (agitation). and can not resolve any
specific pain responses (Jourdan et al.. 1997). In addition. 1t ts fikely that sedative non-
analgesic agents would appear to produce analgesia in @ system determining pain by
measuring agitation.

A second automated apparatus was introduced by Jourdan et al. (1997). A camera

which records the rats' behaviour. is connected to a computer. The computer analyses the
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images continuously created by the camera. This system s somewhat sensitive towards
pain-specttic and general behaviours. Groonung. licking or biting can be distinguished trom
locomotor acuivity such as walking across the testing chamber. Like the automated svstem
by Jett & Michelson (1996). the apparatus produces biphasic pain indices comparable to
those determined by manual scoring. both for ditterent tormalin concentrations and
analgesic treatments. The authors of both automated devices present their inventions as
cleariy advantageous over e manual scoring designs. m that the scormg s completeh
objective. does notrequire mvestigators’ presence or pertormance ot vigilant tasks. and that

many animals can be tested simultancously dJett & Michleson, 1996: Jourdan etal . 1997).

1.3.4.D Quantification of general behaviour

[n addition to pain-spectiic behaviours. several studies have attempted to record
behavioural responses other than those used o assess the level of pain. such as exploration.
grooming. motor pertormance ete. (jolsen et al.. 19921 Scoring changes in general
behavioural patterns may provide vajuable intormation on the etfect ot ditterent levels off
pain on general behaviour. Certain changes in general behaviour may even be indicative ot
the level of pain (Abbott et al.. 1993). [n addition. such information can disclose side ettects
ot drugs being tested tn the tormalin paradigm. such as sedative ettects ot opiates (Abbott
et al.. in press).

Whether pain is betng assessed by means of continuots rating to obtain a single or
composite pain score. or by means ot counting of tlinches. other behavioural measures can
only be scored with ditficulty. Abbott et al. (1993) videotaped formalin tests while pain
behaviours were scored. and rescored other behaviours by observing the videotaped tootage.
Farneslow (1984) used a time-sampling procedure. where a rat’s behaviour was recorded
at regular time intervals. It a pain specttic behaviour was displayed (litting or licking). a
‘recuperative” score was assigned. and it not. general behaviour was scored (freezing.
grooming or rearing). The sum of recuperative scores served to compute the pain index.

To measure the eftect of pain and pharmacological agents on general behaviour.

other methods have been used. such as measuring cardiovascular parameters (Bhatnagar et
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al.. 1998). or the rotorod test of motor performance (Simntons et al.. 1998). In the case ot
the latter. pain can not be measured concomitantly. Cardtovascular paramcters can be
measured simultancously with pain measurement. however not without complicating the
procedure. Watson et al. (1997) measured activity during formalin tests using ultrasonic
movement detectors. Although this procedure does provide a measure of activity. the output
is univariate and non-specitic. and requires costly equipment. The automated system by

- NPT

Jourdan ¢t al. (1997) provides a suniiar output and may diso be tinancrally untas ourable.
1L.3.4.E Parameters affecting formalin-induced pain
Behavioural responses to tormalin treatment has ¢ been shown to vary with the site
of injection, the volume and concentration ot tormaiin, and ambient temperature. In
additon. the tamiliarity ofthe subjects with the testing ens ronment has been shown to have
an eftecton the behavioural responses. Appendin [ provides intormation on these variables

in recent studies emploving the tormatin test.

[ 3.4 E.iSite o injection

Formalin has been injected subcutancously mto both torepaws and hind paws.
[nitially. the forepaws were used (Dubuisson & Dennis. 1977). However. the use ot hind
paws is preferred. since licking of the hind paws rarely occurs during normal grooming
behaviour (Tjolsen et al.. 1992). Formalin may be injected either in the dorsal or the plantar
surtace of the paws. Plantar injections produce more pain than dorsal surface injections
(Neohetal.. 1992). In rats. formalin is usually injected into the plantar surtace ot arear paw
when licking. sum of litting and licking. or WNIS is used as the index of pain. When
flinching is scored. investigators inject tormalin in either the dorsal or plantar surtace ot'a
hind paw (see Table 1). Formalin has also been used o study orotacial pain in the rat. In
these studies. formalin was injected into the upper fip tLuccarini et al.. 1998: Cadet et al..

1998).
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[ 34 F i Formealin volime aind concentration

Formalin-induced pain increases with formalin concentration. The volume ot
injection used ranges from 10 10 200 ul (Appendix 1). The most commuonly used volume ot
injection is 30 ul. The concentrations have varied greatly. and have been as high as 100 i
of 12% (equivalent w0 24%y in 30 ul: Machelska et al. 1997). and as low as (1.23%
(Takahashi et al.. 1984). The mean concentration ot tormalin used 1s 3.14% (standard
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formalin concentrations in the literature published in 1997 and 1998 cAppendix D.
L34 E il Ambicar cemperature

Temperature of the testing environment affects the pan scores mterred trom

behavioural testing. An increase in temperature incredses the pain scores tAbbott et al.,
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1993). In particular. the second phase ot the test 1s atfected. probably because of the eftect
of temperature on peripheral blood flow. An increase in temperature increases peripheral

blood flow and hence promotes the development ot intlanmation (Tjolsen et al.. 1992).

[.3.4 E.iv Stresy

Stress has been shown to decrease pain sensation in humans and laboratory animals
(lerman et ai. 1984, Rats that are amiiiarized with e rormaiin apparatus prior to the
testing show higher pumn responses. as compared to those that are exposed to the test
environment for the first time when tested. Similarly. rats that are restrained during the
behavioural scoring may show less pain than those who are not restrained show that the
neurochemical bases ot the pain reduction produced by testing man untamiliar environment
are similar to those mediating the eftects of restraint. Stress due to novel environment or
restraint are believed to enhance endogenous pain-suppressing mechanisms. Serotonerzic
and endogenous oprate systenis appedar W play a role i stress-induced analgesia cAbbott et

al.. 1986a).

1.3.5 Advantages of the formalin test over other animal pain models

The pain paradigms used in investigations of mechanisms of pain and analgesia
should be chosen on the basis ot simitarities between the noxious stimulation and the nature
of the painful experience in the experiments and the clinical problem being addressed.
Different noxious stimuli may evoke ditterent pains by activating ditterent physiological
and psychological processes (Melzack & Wall. 1996). Most commonly used animal pain
tests. like the hot-plate and the tatl-tlick tests. apply briet. transient paintul stimuli. The
threshold of pain is measured rather than the quality and quantity ot the paintul sensation.
[n addition. the animals have to be restrained during the procedure. and they have control
over the noxious stimulus (Dubner. [994).

The formalin test in many ways mimics acute clintcal pain that would be induced
by tissue injury. The animals are not restrained during testing procedures and do not have

control over the noxious stimulus or duration ot the paintul experience. Investigators who
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have volunteered to experience the tormalin-induced pamn have described 1t as initalh
burning. then poorly localized deep pain of moderate mtensity . The site of tissue injury is
surrounded by a region where mild spontancous pain and hy peraesthesia occur (Franklin &
Abbott. 1989: Dubuisson & Dennts. 19771 Inaddition. the tormalin-induced pain is limited
in duration (pain generally does not persist more than two hours atter injection even when
high doses ot the irritant are administered: Dubner. 1994y, he tissue mjury associated with
tormalin admunistranion ix locabized to the nav of imjection and docs not appear o catse

prolonged distress or svstenmice ettects. This paradigm  theretore presents tewer ethical

concerns than other animal models ot tonie pain.

1.4 OBJECTIVES

In the present mvestigatons. methodolouical tssues concerning the tormalin test are
addressed. The purpose ol mvestigations was threetold. Tmually . a ume-sampling method
of behavioural rating was introduced. which would be casier to perform and more time-
efficient. and would record pain-specitic as well as ceneral behavioural responses
(Experiment 1). The new method was validated and then used to examine all tormalin-
induced behaviours over the range ot tormalin concentrations most commonly employed
(Experiment 2). Finally. the relationship between morphine analgesia and tormalin-tnduced

pain was investigated (Experiment 3).



Chapter 2

MATERIALS AND METHODS

The methods that apply to all experiments are outlined below. Detatls of materiafs and
methods that apply only to individual experiments are desertbed in the introductory section

ot each experiment.

2.1 Subjects

Male Long Evans rats were used inall experimental procedures. Fhey were obtained
trom Charles River, Quebec. The weight ot the animals, when received. ranged trom 130
to 200 grams. [hey were housed. two or three per cage. moa colony room with standard
living conditions. and a 12-hour light 1 2-hour dark evele swith fights onat 7 am. Food and
water were available adf Zibitm. A experimentation and animal handling was conducted

during the light phase ot the animal's cyele.

2.2 Ethical Considerations

All animal procedures were approved by the Lthics Subcommittee ot the Animal
Facilities Coordinating Committee of McGill university. and tor the higher tormalin
concentration in the absence ot analgesia. by the Animal Facilites Coordinating Committee.
These commitiees operate under the guidelines of the Canadian Council of Animal Care.

Care was taken to minimise the amount ot induced pain and sutfering to the animals
by carefully planning the experiments. The smallest possible number of subjects was
assigned to each treatment group. [t was agreed with the Amimal Facilities Coordinating
Commuittee that any rats that contirued o display continuous pain behaviours together with
agitation for more than 3 hours would be immediately withdrawn trom the experimentation

and have a therapeutic dose of morphine administered. However. this was never necessary.



2.3 Animal handling and habituation to the testing environment

Upon arrival to the colony room. animals were allowed to rest tor two davs. After.
rats that were to be tested without habituation were left undisturbed until the testing day.
Those that were to be tested atter habituation. were brought to the faboratory and introduced
to the formalin apparatus for a period of ten to titteen minutes on tive consecutive dayvs. On
the tirst three days the rats were placed i the formalin boxes. two or three at a time (same
as In housing arrangements). aind on the last two days siabyv, A sweet treat was placed in
the tormalin box. to serve as a positive retitoreer to the testing enyivonment. [n addition.
immediate cating of the weat indicated a sutistactory level ot tamidianty with the tormalin
apparatus, since rats will noteat ina novel or threatening environment. even when tood-
deprived (Broadhurst. 1937y,

[t has been shown that the formalin test can be repeated on the other paw ot the same
animal. producing virtwally the same results oMatthies & Frankin. 19920 Theretore. both
hind paws ot cach rat were used except tor rats that received over 2.3%0 tormalin. Animals
that were tested on both pavws were allowed to recover tor two days atter the first tormalin
test. and were given another three habituation sessions. one rat per tormalin box. prior t
testing on the second paw. Rats were killed using carbon dioxide intoxication atter the last

formalin treatment they received.

2.4 Drugs

Dilute concentrations cf tormalin were prepared from a 37% tormaldehyde stock
solution containing 10% methanol as preservative (Fischer Scientitic). The 37%
tormaldehyvde corresponded to 100% tormalin. and was diluted with a sterile. preservative-
free physiological saline solution (0.9% NaCl to yield the desired concentrations ot
tformalin. which ranged trom 0.3 to 13.73%. Injection volume of formalin solutions was 30
uL. Morphine Sulphate (gift ot Sabex. Quebec) was dissolved in sterile water to produce

morphine concentrations ranging trom 0.23 to 8 mg/ml. [njection volume was | ml kg.

-
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2.5 Drug administration

Formalin was injected subcutancously mto the plantar surtace inone ot the animal's
hind paws with a 300 ul disposabic insulin syringe with an attached 29 Ga. needle. While
the rat was lightly restrained. the paw o be injected was marked tor easier observation. The
needle was then inserted into the paw and run rostrally under the skin tfor at least 3 mm. 30
el of the appropriate tormalin dilutton was injected. Iimmediatelsy tollowing the injection.
the rat was placed mto the tormalin box. and the scoring vegan.

Morphine was administered subcutaneously under the skin ot the rat's back. with
I cesyringe and a 26 * 2 Ga. needle. 30 minutes betore the imjection of tormalin to assure
that the peak ettect of morphine would oceur during the ~econd phase ot the tormalin test

tAbbott et al.. 1986by.

2.6 Behavioural Rating

The formalin tests were conducted in 30 em > 30 cm 30 em clear plexiglass boxes
to allow visual observation of the subjects” behaviour. A nurror was placed underneath the
glass tloor at a 437 angle. to allow an unobstructed view ot'the paws. The rater observed the
behavioural responses to administered agents and recorded them by entering behavioural
codes into a personai conmiputer. Computer programs for continuous rating and time

sampling were written by Hiloma Programming [ne.

2.6.A Continuous rating

This method of behavioural rating records the amount of time the rats spend
displaying behaviours coded in mutually exclusive categories. To allow analysis ot the
time-course of behavioural responses. the test was divided into five-minute bins. The
number of animals tested by this method is restricted to twou since it is not possible to
follow continuously and closely the behaviours ot more than two animals. and at the same

time record behavioural codes in the computer.



2.6.B Time-sampling

[his scoring method relies on the statstical principle that the ume-course and ratio
of behaviours can be deduced trom observations ot behaviours sampled at regular time
intervals. The computer was programmed to produce a beep that was only audible to the
rater - i.e.. outside the hearing range ot rats - at pre-detined time intervals, At this ume the
rater entered the behavioural codes that describe the behav tour ot the rats at the ume ot the
heen Time-sampling allows for hehavioneal ratine on moere than one axis, Onthe fir
the pain scale identical to the one used in continuous rating was used. On a difterent axis

a scale was detined that described. more generally. the behavioural state ot the animal.

2.7  Data analysis

Formalin-induced behaviours tor the continuous rating method were expressed as
percentage of time cach behaviour was displayed with respect ot the total tme ma bin 3
minutes). Time-sampling scores ot each behavioural response were expressed as the
proportion ot the total number of observations,
The eftectottormalin was expressed as percentmaximal possible etftfect (?oMPE )y according

to the following tormula:

L () A ——— . (Fq. 3)

where E__ , was detined as O (no pain). E | as the total possible amount a behaviour can be

displaved for continuous rating and the total number ot observations tor ime-sampling. and
E as the sum of time each subject spent litting and licking tor continuous rating and total
number of observations of litt or lick tor time sampling. Morphine analgesia was
determined using the same tormula. E,_, was detined as the mean pain score of controls

receiving no morphine and the same tformalin concentration. and E_,, as 0 (no pain. Le.

maximal analgesia).



To estimate tormalin and morphine dose-citect parametres (MPE. and slope) a
jackknifing procedure was used. The latter 1s an iterative procedure that computes an
unbiased estimate ot the MPLEL and its variability . by interpolating on a dose-cttect line
fitted to the raw data points by linear regression. as well as the slope. Detatls ot the

procedure are described in Abbott et al. (in press).



Chapter 3
VALIDATION OF THE TIME-SAMPLING
METHOD

3.1.A OBJECTIVES

Conducting the formalin test s a demanding. vigilant task. Continuous monitoring
ot behaviour is notonly ditticult. but also requires thata small number ot animals are tested
at one ume. which makes obtamning results ume-consuming. Here we mroduce a time-
sampling method which records behaviours instantancousis . at regular ime intervals. This
allows that more than one behavioural code 1s recorded per animal. which permits us o
score other behaviours. such as locomotor activity. explormg. grooming. sleeping ete. Fhe
scoring ot additional quantitiable behaviours would provide amore complete description
ot the behavioural response to tormalin and other treatments.

The time-sampling method was validated by comparing behavioural responses ot
favour. litt and lick. shake or bite. as they were recorded with the continuous scoring and
the ume-sampling method. Dose-ctfect relatonships tor formalin and morphine were
established trom data sets obtained by both methods. The time-sampling results were then
compared to those obtained by the continuous rating. In additon. the ettect of tormalin and

morphine on general behaviour of animals was examined from the time-sampling data.

3.1.B EXPERIMENTAL DESIGN
Rats were assigned to two groups. One was used to establish the tormalin dose-
effect relationship and time-course. and the other to determine the morphine dose-ettect

relationship at a single tormalin concentration.

3.1.B.i Formalin concentration-effect relationship
15 rats were randomly assigned to three groups ot 3 subjects. Each group received

one of three concentrations of dilute tormalin (0.3%. 1% or 2%%). Scoring commenced at the



time of the formalin injection and continued for 60 minutes. Continuous rating coliected

data in 12 bins. tive minutes cach. and tme-sampling at o0 one-minute intervals,

3.1.B.ii Morphine dose-etfect relationship

40 subjects were randomly assigned 1o six groups. T'he control group received only
190 formalin (n=3). Other groups (seven subjects in cach were pretreated with 1. 2.4, 6 or
8 iitg ng mrorplinic. 3 dinaics beione e uyection of T fonmabin, Scoring began i3
minutes after the tormalin injection and lasted 30 minutes o obtain data on the etfects ot
morphine on pain in the second phase ol the tormalin test. Behavioural responses were
sampled at one-minute mtervals. and rated continuous!y 11 <X tive-minute bins. Atter one

tormalin test. rats were randomly reassigned o another condition. and testing was scheduled

such that all groups had rats that were receiving the fivst and the second tormalin test.

3.1.B.iii Behavioural rating

Al subjects were habituated o the wesung enyvironment. Fwo rats at a time were
rated simultancously by two individuals. one using the continuous scoring and the other the
time-sampling method. The behavioural scale used is described in Table [

The behavioural categories used to record pain-specitic behaviours were as
described by Dubuisson & Dennis ¢ 1997). and were identical tor both scoring methods. The

general behaviour was only scored with the tme-sampling.

3.1.B.iv Data analysis
Dataanalysis was pertormed as described in section 2.7, One-minute time-sampling

scores were. in addition. transtormed 1nto two-minute time-sampling by omitting even

other reading trom the one-minute time-sampling.
The sum of time spent lifting and licking in continuous rating. and the number of

observations ot litt and lick in time-sampling were used to determine the pain index.



Table |
Behavioural scale used in Experiments [and HIL The pain-specitic behavioural categories
were identical tor continuous rating and time-sampling. General behaviours were only

scored with time-sampling.

Behavioural Description of behavioural category

score

Continuous rating and time-sampling Axis [ Pain-speciric behaviours

0 both hind paws rest on the tloor. bearing approximately equal

amounts ot the rat’s weight

1 the injected paw rests on the tloor. but bears less weight than the

uninjected paw: limping is observed during walking

2 the injected paw is held above ground. whether the animalb s
[ving. sitting or moving around
3 the injected paw is licked. bitten or shaken

Time-sampling Axis [[: General belaviours

0 sleeping
1 Iving with eyves open

19

sitting or standing still

3 walking

4 grooming

5 rearing

6 snitfing

7 licking the walls or floor

(V%)
(9]



3.2 RESULTS
3.2.1 Qualitative comparisons - time courses

Time courses of pain-specitic responses to ditterent tormalin concentrations were
constructed from data collected by both scoring methods. Figure 3 shows the time courses
plotted from continuous rating scores. Pain behaviours in cach treatment group are averaged
over 3-minute bins and expressed as percentage of time the behaviours were displas ed.
Cime courses frot tme-sampiing wie piotted iniflgure 4. £ain dehas ours are av eraged over
cach tormalin treatment group forevery -minute time-sampling period and are expressed
as percent ot the total number of obsery ations.

Time courses tor both rating methods display ed ~imlar biphasic pain response o
tormalin. There is an initial period of tavouring. litting and licking m the first 3 minutes ot
the test (st phaser. Between 3 and 10 minutes ot the test anterphase). little or no pain is
observed. Atter the interphuase. pain scores mcerease again csecond phase). Fhe amount ot
lifting and licking ot the injected paw in the second phase increases with formalin
concentration in an apparently dose-dependent manner. he amount ot tavouring decreases
with tormalin concentration. Lifting and licking in the second phase persists longer at higher
formalin concentrations. At 2 %o tormalin. pain scores are near-maximal from the onset ot

the second phase until the end of the testing period.

3.2.2 Quantitative comparisons

Behavioural responses recorded by the two rating methods were compared
quantitatively by calculating  correlation  coetticients  between them. Dose-eftect
relationships were constructed tor tirst and second phase of the tformalin-induced pain
responses and morphine analgesia at 1Yo tormalin. The log of formalin concentration and
morphine dose were used. [n the case of the latter. this i1s a standard procedure for analyvsis
of receptor-mediated interactions (Ross. 1996). Dose-cttect refationships obtained trom
both methods were superimposed on the same graphs. and curve parameters (MPE., and

slope) were compared.
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3.2.2.i Bivariate correlations of behavioural scores

Pain responses. summed over the first phase and the interphase ¢ o 10 minutesy
and the second phase (11 to 60 minutes) ot the formalin test. were compared by computing
bivariate correlation coetticients between the contnuous rating  scores and  the
time-sampling every minute. Pearson’s correlation coelticients are listed in Table 11
Favouring. lifting and licking responses i both phases ot the tormalin test were
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[wo-minute ume-sampling scores ol tavour. [t and lick. shake or bite. are also shown in
Fable [I. They were also tound to correlate signiticantdy with the continuous riating scores
(p<0.01).

The correlations between pain indiees othe sum ol bitting and ficking. shaking or
biting) determined by the conunuous rating and both one- and two-minute ttme-sampling
were also highly significant (p- 0010 Table [, The pain mdices determined by all scoring
methods also correlated highly with the logarithm ot tormalin dose (p- 0.03 for tirst phase
and p<0.001 tor second phase). They are shown in Fable [ The pain scores determined
from all scoring methods explained more than 30 9o of varance i the second phase (R =
0.8-4). The correlation between pain scores and log ot tormalin dose did not decrease when

behaviour was rated at regular time intervals as compared to continuous rating.



lable II

Pearson’s correlation coefticients between pain-specitic behaviours of the formalin

concentration-ettect relationship as scored by the conunuous rating method and time-

sampling at I and 2 minute intervals.

Pearson’s corrcelation coefficients

(two-tailed test of significance)

behavioural
category Continwous Rating Continuous Rating
phase of Vs Vs
formatin test [ime Sampling at I minute [ime Sampling at 2 minute
mtervals intervals
Favour phase | 076" 0.827
phase [l 0997 .99
Lift phase [ 0.98" 0.977
phase Il 0.88" 0.68"
Lick phase [ 0.987 0.88"
phase [l .96 0.89"
Pain ' phase [ .00~ 0.99"
phase [l 1.00™" .93

™ Correlation is significant at the 0.01 level (two tailed).

Pain is calculated as the sum ot time spent litting and licking for continuous rating. and

as the sum of observations ot lift and lick tor time saapling



. lable 11

Pearson’s correlation coelticients between pain indices determined from continuous rating
and time-sampling every minute and every two minutes. and loy ot tormalin dose.

Correlations ot pain indices explaining more that 30°q of variance (R :0.71) are bolded.

Continuous rating Time-sampling
every minute cyvery two minutes
Phase | 0.32° 0.637 0.38°
Phase II 0.847 0.84" 0.84~

“indicates significance at the 0.03 level

“indicates signiticance at the 0.01 level

3.2.2.ii Dose-effect relationship parameters

Figure 3 shows concentration-ettect relationships tor "o MPE of formalin-induced
pain (tirst and second phase) and dose-ettect relationship tor morphine analgesia at 194
tormalin (second phase only 1. Each dose-cttect relationship was plotted as determined trom
continuous rating and one-minute time-sampling. Formalin and morphine doses are plotied
on a logarithmic scale. In this analysis the sum ot lift and lick. bite or shake was taken as
the measure ot pain.

Slope and MPL., values ot the tormalin concentration-eftect relationship are listed
in Table IV. MPE., values tor the tirst phase and second phase ot the tformalin test are
virtually identical tor continuous rating and time sampling. [he concentration of tormalin
that produced a half-maximal response in the tirst phase was approximately 1.3%. and in
the second phase approximately 1.0%. Slope values obtained by both methods are also not
significantly different. particularly tor the second phase ot the test. The second phase slope
is. however. significantly steeper than that ot the first phase (approximately 29 tor first
phase and approximately 33 for second phase). The 93 contidence intervals of MPE.'s
from both rating methods are almost identical. Similarly. the standard errors of the means
of slopes for both phases are very similar in value. This suggests that there is no loss of

statistical power when behaviour is sampled at [-minute intervals instead ot continuous
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biting or shaking the injected paw was taken as the index of pain.



Table IV
MPE, and slope values of tormalin concentration-cettect relationships obtained by
continuous rating and one- and two-minute time-sampling. The sum ot'litt and lick. bite or

shake was used as the index of pain.

Continuous Time Sampling
Rating every crery wo
minute minutes
MPE,, 1.30 1.33 1.34
Phase | 939, contidence (0,93 - 4.85) (.63 - 271 (038 - 3.0
interval
SLOPE 21.20 28.99 28.99
standard error of mean 10.54 10.98 12.65
MPE,,' 0.98 0.96 0.97
Phase [ 939, contidence (.79 -1.22)y  (0).77 - 1.2y (0.78 - 1.1
interval
SLOPE 51.68 52.75 54.49
standard error ot mean 342 6.24 6.43

"' MPE., is expressed in ™o formalin.

rating. Table [V also shows MPE., and slope values tor the tormalin concentration-ettect
relationships determined trom 2-minute time-sampling. The MPE. s and slopes are
virtually identical to those obtained from continuous rating and one-minute time-sampling.

The morphine concentration-eftect relationships obtained by continuous rating and
time-sampling every minute and every two minutes are also almost identical. MPE., and
slope values are listed in Table V. 95% contidence intervals are smaller in time-sampling.
and the standard errors of means indicate that the slopes constructed from time-sampling

data have a tighter tit. No loss of statistical power was observed using the time-sampling
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method. The morphine dose that produced 30¢, analeesia (using 190 tormaling was

approximately 2.1 mg Kg. The slope of the dose-ettect relationship was approximatels 30).

Table V.
MPE., and slope values of morphine dose-cttectrelationships at 1?0 formalin concentration.
obtained by continuous rating and one- and two-minute tme-sampling. The sum ot littand

el hito or ehiaboa veac ralan o tha vndase o
BOR, DU or shnle was en as thg g ¢

-,

Time Sampling

Continuous

i onc-minute two-minute
Rating
mtery als mtervals
MPE,, 2.22 2.10 2.08
939, contidence intervil (1.29 - 384 (1.27 - 349 (1.21 - 3.38)
SLOPE 30.79 30.89 29.73
standard error of mean 816 T3 771

"' MPE,, is expressed in my kg.

3.2.3 Effect of formalin on general behaviour

The time-courses ot general behaviour of untreated rats (they received no tormatin.
but were habituated to the testing environment) and those that received 1 and 2% tormalin.
are plotted in Figure 6. Behaviours considered “inactive’ (sleeping. [ving down with eyes
open and sitting or standing still) appear at the bottom ot the stacked bars. while “active’
behaviours (walking. grooming. snifting and rearing) are plotted above the inactive
behaviours. Untreated rats (upper panel) displayed a cyclical pattern ot activity. They were
more active in the beginning. middle and towards the end ot the 1-hour session. Rats treated
with formalin did not display this regular pattern ot activity. [n addition. formalin appeared

to depress activity. Particularly in the second halt ot the session. the 1% formalin rats tend
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to lie down. and the 2% rats to lie down or sleep. Fhe latter behaviours did notoceur in rats
not treated with tormalin.

The active and inactive behaviours are complementary since they add up to the total
number ot observations. This allows that only one varable is analysed. For the purpose of
the analysis of general activity. the 60 minute session was divided into tirst phase
(I-10minutes). and second phase ¢ 1 [-00 minutes). The second phase was turther divided

Pain-specitic behaviours and general behaviours toreach phase are plotted in Figure
7. pain responses in the upper and general behaviours i the lower panel. In the latter. active
behaviours are plotted above the abscissa and inactive behaviours below the abseissa. A
repeated measures ANOVA was used tor the analysis. with tormalin dose as the
between-subject factor. and phase as the within-subject messure. The mteraction of phase
and tormalin dose was not signiticant. There was asigniticant Jifference i actvity aeross
the three phases (p<0.001). The between-subject factor cformalin dose) was also signiticant
(p<0.01). Least signiticant ditterence (L.5D) post-hoce analyvses revealed that in the tirst
phase tormalin dose-dependently reduced activity. While the 0.3%0 tormalin group was not
significantly less active than controls (p=0.093). the | and 2% groups were (p<0.03 and
p<0.01.respectively). [n phase 2A there were no signiticant difterences between the groups.
[n phase 2B. the 0.5, 1 and 2% formalin groups were signiticantly less active than controls
(p<0.001 for all groups vs. controls).

Inall three phases the explorative behaviours were depressed dose-dependently (p”s
ranging from 0.09 to 0.02 tor 0.3% tormalin vs. controls. and p’s ranging from 0.01 to 0.001
tor 2% vs. controls). Grooming was only signiticantly depressed in phase 2B (p<0.001 tor
all formalin-treated groups vs. controls). Ot the inactive behaviours. only sitting was dose-
dependently depressed in tirst phase (p=0. 11 for0.3% e vs. controls. p=0.012 tor 1?4 formalin

vs. controls. and p=0.004 tor 2%, tormalin vs. controls).

14
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Formalin-induced pain-specific (upper panel) and general behaviours (lower panel) in the
first (0 to 10 minutes) and second phase (11 to 35 and 36 to 60 minutes postformalin; phase
2A and 2B, respectively) of the test. [nactive general behaviours are plotted below the

abscissa.



3.2.4 Effect of morphine on general behaviour

The acuvity inrats receiving ditterent morphine doses (1. 2.4 6 and 8 mg k) and
a single formalin concentration ¢ 199) was compared to uninjected habituated controls and
rats receiving only 1%a formalin. Figure 8. lower panel. shows the behavioural state ot all
groups. with active behaviours (walking. grooming. snifting. rearing and licking tloor)
stacked above the abscissa. and inactive behaviours dying down. sleeping and sitting or

standing sulhy below the abscissn The unner P‘_{n:! chony s the p-\“ kot

¢ behavioiis o
the corresponding treatment groups.

ANOVA was used 1o analyse general behaviours. The effect ot morphine was
stgniticant (p<0.00 1), Post-hoc (LS comparisons indicated that injectuon ot 196 tormatin
significantly depressed activity compared to uninjected controls (p=0.03 ). This depression
of‘activity was reversed by lower doses of morphine o F and 2 mg kg, These groups were
not signiticantly ditterent trom uninjected controls. Groups that received high doses of
morphine (4. 6 and § mg kg were signiticantly fess active than uninjected controls. The 2

mg kg morphine group was signiticantly more active than the 1%s tormalin group that

received no morphine.
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Effect of 1% formalin and different doses of morphine on pain-specific (upper panel) and
general behaviours (lower panel) in the second phase of the formalin test. Inactive general
responses are plotted below the abscissa. Square indicates that the mean activity of a group
was significantly depressed as compared to untreated rats (first column). Circle indicates

that the mean activity was significantly higher than that of the 1% formalin group.
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Chapter 4

ANALYSIS OF FORMALIN-INDUCED
BEHAVIOURS

4.1 Objectives

The concentration ot tormalin used in the literature varies greatly. as do the
behavioural indices used to determine the level of pain. No study has. however. examined
all pain-specitic behavioural measures over the wide range ot tormalin concentrations that
are routinely administered. This study examines all pain-specific, as well as general
behaviours. over the range of formalin concentrations most commoniy emploved (1 w
10%). In addition. in the literature there 1s no information on behaviours atter the acute pain
response has ended. Theretore. the time course ot tormalin-induced behaviours was
recorded tor a proionged period of time {16 hours). to determine if any residual pain or
disruption of normal behaviour occurs bevond the time most studies terminate the
observation period (60 minutes).

Habituation of animals to the observers and the testing apparatus is not frequentls
performed. This study also addressed the ettects ot habituation to the testing environment
on formalin induced behaviours. to determine whether stress of novel environment in

non-habituated subjects produces signiticant stress-induced analgesia.

4.2 Experimental design

48 subjects were randomly assigned to two groups. 24 rats in each. One group was
subjected to habituation prior to testing. and the other was not handled until the testing day.
From each of the two groups. rats were assigned to five treaiment groups: control (no
formalin). and 1%. 2%. 3% and 10% formalin (five subjects per group for no-formalin
controls. 1. 2 and 5% formalin. and 4 in the 10% formalin group). Behavioural scoring

commenced at the time of formalin injection and lasted 16 hours. Responses were sampled

every two minutes. The behavioural categories used are described in Table VI.
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‘ Table VI

Behavioural scale used in Experiment I, Pain speciti * behaviours include all behaviours
used tor determining pain indices in scientitic reports emploving the tormalin test. The scale
ot general behaviour was adapted for testing with higher formalin concentrations and for

longer periods of testing.

Behavioural score Description of behavioural category

Axiy [0 Pain-specitic behaviours

0 both hind paws rest on the floor. bearing approximately

equal amount of the rat’s weight

1 the injected paw rests on the tloor. but bears less weight
than the uninjected paw: lmping is observed during

walking

2 the injected paw is held above ground. whether the
animal is lving. sitting or moving around

3 the injected paw is licked or bitten

4 the injected paw is shaken

5 flinching ot the injected paw (the paw is vibrated rapidly)

6 whole-body or hindquarter tlinching (WBF)

Axis [ General behaviour

0 sleeping
1 lying with eyes open

12

sitting or standing still

3 walking

4 grooming

5 rearing

6 sniffing

7 licking the walls or floor
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Behavioural score Description of behavioural category

] backwards locomouon: this behaviour is associated with

high levels of pain

9 cating or drinking

Axis I morbidin: or agitation

0 no morbidity or agitation
! morbidity (ptosis. hunch and or pilocrection)
2 agrrton

The behavioural scale was similar to the one used in experiment one. It was. howesver.
altered such that all pain-specttic behaviours used in the Literature were scored as mutually
exclusive behavioural categories ctavour. T lick or bite. shake. tlinch and whole-bods
flinch (WBF)). Two additional categories were added to the general behavioural scale:
backwards locomotion (BLM). which has been observed when higher formalin
concentrations were administered (F.V. Abbott. unpublished observations). and cating or
drinking. A third axis was introduced to describe the observer’s subjective impression of
the rats” behaviour. A morbidity score was assigned it the rat displaved ptosis. hunched
posture and/or piloerection. in other words. appeared “sick’™. {f the animal rapidly changed
posture. appeared restless or agitated by the pain. frantically licked or bit the injected paw.
an agitation score was recorded.

Up to ten subjects were tested simultaneously. Food and water were provided to the
rats during the testing. Water bottles were mounted on the outside of the tormalin boxes
with the spout protruding through the wall of the tormalin box. Pre-weighed food pellets
were provided one hour before the time lights turned ott daily in the colony room (7pm).

To obtain statistical validation of results. this experiment was treated as a two-way
one-repeated-measure ANOV A with formalin dose and habituation as the between-subject
factors and phase of formalin test as the repeated measure. Correlational analysis was used
to determine the relationship between the natural logarithm of formalin dose and the

individual behavioural measures. as well as their combinations and weighted means scores.
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4.3 Results
4.3.1 Pain-specific behaviours

Behavioural responses of favour. lift. lick or bite. shake or flinch. and WBF were
plotted on a time-course tor each treatment group. Individual pain-specitic behaviours. as
well as combinations of them and weighted-means scores. were examined to tind the best
predictor of the log of tormalin concentration. The pain measure that performed best as a
predictor ot the log of tormalin concentration was then applied o deternine the dose-etiect
relationships of tormalin in habituated and unhabituated animals. Finally. the eftect of

habituation on tormalin-induced pain was investigated.

4.3.1.A Time course of pain-specific behaviours

Time courses ot pain responses that occurred during the tirst two hours alter
tormalin injection are shown in Figure Y tor unhabituated rats and in Figure 10 tor
habituated rats. The behavioural responses in cach treatment group were averaged tor cach
time-sampling bin (2 minutes). Time plots of habituated and unhabituated no-tormalin
controls are not shown since virtually no pain-specitic behaviours occurred.

[nspection of Figures 9 and 10 indicated that all treatment groups displaved a bi-
phasic response to tormalin. In all treatment groups the tirst phase occurred within the tirst
6 minutes after tormalin. The second phase began as carly as 8 minutes into the test. after
a briet interphase. In both habituated and unhabituated animals. the amount of pain
behaviours shown in the tirst hour increased up to 3%. where it was near-maximal and did
not increase further at 10% tormalin. In the same time-period. the trequency of tavouring
decreased. while the trequency of other pain behaviours increased with tormalin
concentration. The duration of the pain responses in the second phase became longer with
increasing formalin concentration. In habituated and unhabituated animals. an injection of’
1% tormalin resulted in pain responses that terminated almost entirely within 60 minutes
after injection. Rats receiving 10% formalin showed almost continuous pain behaviours

until approximately 90 minutes after the injection.
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Time-courses of formalin-induced pain-specific responses of unhabituated animals during
the first two hours after formalin injection. Behaviours in each treatment group are averaged
over two-minute observation bins. Responses of the no-formalin group are not shown since

virtually no pain behaviours occurred.
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Figures 11 and 12 show time courses ol pain responses tor unhabituated and
habituated rats. respectively. tor the entire 16-hour sesston. Here pain responses were
averaged over 30-minute bins tor each treatment group. High levels ot pain occurred in the
tirst hour of the test in all reatment groups. Rats receiving higher tormalin concentrations
(3 and [0%0) also showed pain behaviours in the third halt-hour. Little pain occurred after
90 minutes postformalin. even at 10%s formalin. Occasional tavouring and litting was
observed m all treatment groups during the third phase ot the test(2-16 hours atter tormalin
injection). This residual pain appeared to increase with formalin concentration.

For the purpose of turther analyvses. the tirst phase of the formalin session was
detined as 0 to 6 minutes posttormalin. the second phase as 8 to 120 minutes. and the third

phase as the remaining time ot the [6-hour session (2-10 hours).

4.3.1.3 Analysis of pain measures

Formalin-induced pain responses ot habituated and unhabituated animals in the
three phases are shown in Figure 13, Shaking and tlinching are piotted as a single response
category (vide infra).

Pearson’s bivariate coetticients of correlation between pain-specitic responses and
log of tormalin concentration were computed tor cach phase ot the tormalin test «first.
second and third). for unhabituated and habituated rats separately. Correlations were also
computed for the period between 10 and 60 minutes atter tormalin injection. which is the
time period most commonly Jefined as the second phase in the literature (Phase 2'). Table
VI shows correlation coetticients between the log of tormalin dose and single pain-specitic
behaviours. their combinations and weighted means scores. To consider a pain response or
composite pain measure a good predictor of the logarithm of tormalin dose. the
correlation coefticient was required to be equal to or greater than 0.71. such that at least

30% ot the variance was explained by the pain measure.
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formalin group are not shown.
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Pain-specific responses summed over the three phases of the formalin test, for unhabituated

and habituated rats.
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Table VII.
Pearson’s correlation coetficients ol pain measures vs. natural logarithm of formalin concentration in the three phases of the

formalin test. Correlations are shown also for phase 2'. Correlations explaining at least 30% of the variance are bolded (R - 0.71).

Pain Unhabituated Habituated

measure Phase | Phase 2 Phase3 Phase 1 Phase 2 Phase 3

Time period|min|: 0-6 10-60) 8-120) 122-960) 0-6 10-60) 8-120 122-960)

Single measures

Favour 0.34 -0.70" -0.19 0717 0.14 -0.68" -0.30 0.54°
Lift 0.20 0.41 0.58" 0.62° -0.29 0.11 (0.52° 0.46
Lick 0.24 0.43 0.42 -0.03 0.40 0.60" 0.647 -0.35
Shake 0.43° 0.04 0.05 .29 0.02 ().52° 0.56 -0.30
Flinch - 0.35 0.37 - - 0.63" 0.70" -0.11
WRBI" - 0.647 0.647 0.29 - 033 (.33 -0.11

Composite measures

Shake + Flinch 0.43° 0.26 0.26 0.29 0.02 0.63" 0.66" -0.32

Shake + WBF* 0.43° .59 0.58" 0.43 0.02 0.60°" 061" -0.24

* indicates significance of correlation coelficient at the p ~ 0,05 level

" indicates significance of correlation at the p - 0.01 level

" whole-body flinching



Table VH. (continued)

Pain Unhabituated Habituated
measure Phase ] Phase 2 Phase3 Phase 1 Phasce 2 Phasc 3
Time period fmin]: | () ¢ 10-60 8-120 122-960 0-6 10-60 8-120 122-96()
Flinch + WBF* - 0.59" 0.63" 0.29 ] 0.68" 0.73~ -0.16
Shake +Flinch+WBF" 0.43° 0.55” 0.56" 0.43 0.02 0.67" 0.69" -0.28
Favour + Lick 0.35 -0.25 0.43 0.76™ 0.1 -0.52 0.35 0.60"
Lift + Lick 0.35 0.59” 0.69" 0.61" (.20 043 0.71" 0.43
Lick + SFW® 0.50° 0.65" 0.65" 0.29 0.37 0.80" 0.817 042
Lift+Lick +SFwW® 0.54° 0.75" 0.77" 0.62" 0.24 0.67" 0.81" 0.40
Favour+Lift+Lick 0.51° 0.04 0.39" 0.75" 0.24 -0.03 0.617 (.59
Weighted means
Lift+2*Lick/SIFW® 0.54° 0.76™ 0.77" 0.62" (033 0.78° 0.86" 0.34
Favour + 2*Lift 0.657 0.74° 0.80° 0.76™ (.33 0.74” 0.85" 057

3*Lick/SIFW®

* indicates significance of correlation coefficient at the p - 0.05 level

™ indicates significance of correlation at the p < 0.01 level

' whole-body flinching (WBL)

® refers to general shaking behaviour (shake, tlineh or whole-body linching: SFW).



Ot'the single behavioural responses. none pertormed satistactorily as a pain measure
( Table Vil Shaking. tlinching and WBFE during the second phase correfated highly among
cach other. particularly in habituated animals (r's ranging from .31 0 0.79). These
behaviours are also less distinguishable and they were collapsed together into a single
category of shaking. tlinching or whole-bodv Hinching (SFW). The latter measure
performed better. however did not meet the required criteria. Adding licking o SFW

s o8 4
e [ S 4
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wabitiiaicd diiiiiials. this
measure explained more than 302, of the variance in second phase and phase 2 It
correlated highly signiticantdy with the log of formalin concentration in the second phase
and phase 2" in unhabituated animals (p=0.011 however did not explain 307, of the
varianee. Litting and hieking pertormed well only in the second phase orhabituated antmals
Litting. licking and SFW pertormed bestotall the simple-sum measures. explaining more
than 30%6 ot the variance in second phase and phase 20 unhabituated. and second phase
in habituated animals. [t correlated highly signiticantly with phase 2" in habituated animals
(p<0.01}) The weirghted means scores as introduced by Dubuisson & Dennis (1977: Eg. 1
and Watson et al. (1996: L:q. 2) pertormed equally well and explained 50% of the variance

in second phase and phase 2" in unhabituated and habituated animals.
p

4.3.1.C Formalin concentration-effect relationships and effect of habituation

on pain behaviours

The sum of lifting. licking or biting. and SFW was used as the pain index in the
analysis of the tormalin concentration-ettect relationships. and the etfect of habituation on
pain responses. Figures [4-16 show the concentration-ettect relationships for formalin in
the first phase. second phase and phase 2" and the third phase. respectively. tor both
habituated and unhabituated animals. Two-way repeated measures ANOVA revealed that
the three-way interaction between phase. habituation and the logarithm ot formalin
concentration was significant (p<0.03). This implies that the relation between the ettect of
habituation at different formalin concentrations ditfers across the phases ot the tormalin

response. This interaction was further investigated by analysing the interaction ot formalin
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dose and habituation ateach level ot the repeated measure ¢phase of tormalin test). Foreach
phase of the test. concentration-etfect parameters (MPE. and slope) were computed for

habituated and unhabituated rats. They are shown in Table VIII.

Table VIII
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phase of the tormalin test. in habituated and unhabituated animals. Concentration-ctiect
parameters are also computed tor phase 2'. Values could not be obtained tor the third phase

due to low pain scores. and are theretore not shown.

MPE,, Slope
tupper and lower (SEM of slope)

limits)
Phase 1 unhabituated 353 12.94
texcluding 10% (0.36 - 21.9%) (9.83)
formalin groups)  habituated 2.33 17.24
(1.34 - 4.04) (4.42)
Phase 2" unhabituated 1.83 25.00
(10-60 minutes) (1.19-2.81) (3.83)
habituated 1.03 20.30
(0.34-3.24) (3.77)
Phase 2 unhabituated 8.38 15.02
(8 - 120 minutes) (6.00 - 11.71) (2.26)
habituated 5.50 15.69
(3.90 - 6.84) (3.12)
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4 3.1.C0 First phase (0-6 minutesi

The formalin concentration-cttect refationships tor the first phase ot the test can be
observed in Figure [4. The main ettect of formalin was highly signiticant (p<0.001). Post
Hoc comparisons revealed that all formalin treatments produced signiticant levels of pain
as compared to no-tormalin controls (p<0.01). Signiticant increases In pain responses were

observed between the no-tormalin vs. 1% formalin sroup (p<0.01)y and 176 vs 2%, ¢rou
d group
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Figure 14

Formalin concentration-ettect relationship ot habituated and unhabituated rats in the tirst
phase of the formalin test. Arrow indicates a significant increase in pain between two
contiguous formalin concentrations. Star indicates that the pain level is significantly higher

than that of no-formalin controls.



The effect of habituation was not signiticant. but the interaction between formalin
concentration and habituation was highly signiticant (p=0.001}. To examine the formalin
dose x habituation interaction. the means ot unhabituated and habituated rats were
compared at each tormalin concentration using 2-tailed t-tests with Bonferroni corrections.
At | and 5% tormalin. habituation signiticantly increased tirst phase pain (p- 0.03).

[n unhabituated animals. the 1?0 tormalin group did not show signiticantly more
nain than uninjected controls. while other oronps did Pain inereased sioniticantly onh
between I and 2%0 formalin (p<0.03). In habituated rats. all formalin treatment groups
showed signiticantly more pain than controls. The pain score only increased signiticantly
between no tormalin and 190 tormalin (p<0.03),

MPE. and slope were determimed tor habitwated and unhabituated animals
separately. They are shown in Table VI The concentration-cticect parameters were
calculated using only the pain scores ot animals that receinved formalin concentration up to
3%. due to the lack ot increase in pain between the 3 and 10°6 groups. where the maximal
pain response may already have been reached. The tormalin concentration producing 309,
of the maximal pain responses was higher in unhabituated animals (3.33%0) as compared
to habituated ones (2.33%). The slope in unhabituated animals was lower (12.94 = 9.83)
than in habituated rats (17.23 = 4.42). Although these ditterences were not statistically
significant. the concentration-ettect parameters imply that in the first phase. a lower
formalin concentration is required to obtain halt the maximal possible response in
habituated animals. and that the pain responses in habituated animals increase taster with

increasing formalin concentration.

4 3.1.C.ii Second phase (8-120 minutes)

Figure 13 shows the formalin concentration-ettect relationships tor the phase 24 (10
- 60 minutes) in the upper panel. and the entire second phase (8 - 120 minutes) in the lower
panel. For the second phase (8 - 120 minutes). the main eftect of formalin concentration
was highly significant (p<0.000). A significant increase was observed between all

contiguous formalin concentrations (p<0.05). When only the observations in the period
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Figure 15

Formalin concentration-effect relationships for phase 2" (10-60 minutes; upper panel) and
second phase (8-120 minutes postformalin; lower panel). In phase 2L pain increases dose-
dependently (p<0.05) up to 5% formalin. In the period from 8 to 120 minutes, pain

increases significantly (p<0.05) between all contiguous formalin concentrations.
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between 10 and 60 minutes after formalin administration were used to determine the pain
scores. the etfect of formalin increased dose-dependontly up to 326 tormalin (p=0.03
between contiguous concentrations). The ditterence between 3 and 10%4 tormalin was not
signiticant (p>0.33).

The slope and MPE., ot the concentration-ettect relationships tor formalin in the

second phase (8 to 120 minutes) are shown in Table VI the values calculated tor
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sigiificaniiy. e MPEL was
approximately 8.4%q in unhabituated animals. and the slope was approximately 13, The
concentration-ettect relationship for habituated rats had an MPE. of 3.6%0 with a slope of’
13.7. Values calculated tor phase 2° (10 10 60 minutes) are also tound in Table VIIL The
MPE., values are signiticantly lower than thosce for the entire second phase (p<0).03). which
means that a much lower tormalin concentration tapproximately 1.8” s in unhabituated and
approximately 1.0 %o in habituated rats) produced the half-maximal behavioural pain
response. The slope estimate for unhabituated animals was significantly steeper in phase
2 as compared to second phase (p<0.03), while the slopes for the habituated rats did not
difter significantly.

The main etfect ot habituation in the second phase was not signiticant. nor was the
interaction between tormalin dose and habituation. However. as was observed in the first
phase, the MPE,, of the tomalin concentration-ettect relationship for habituated animals
had a slightly lower value than that ot unhabituated.

To investigate the rate ot onset ot pain in the second phase. the area under the pain
response vs. time curve was computed tor the tirst ten minutes of the second phase (8 to 18
minutes) tor each rat. The mean area under the curve for each treatment group is shown in
Figure 16. Two-way ANOVA (with tformalin and habituation treatments as between-
subjects factors) was used to analyse the onset ot the second phase response. While the two-
way interaction and the eftect of fomalin were not signiticant. habituation had a significant
etfect on pain in this period of time (p<0.05). Second phase pain arose more rapidly in
habituated animals 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

formalin test (8 to 18 minutes).

4.3.1.C.iii Third phase (2 - 16 hours)

Pain scores observed in unhabituated and habituated animals are shown in figure [ 7.
The interaction between formalin concentration and habituation was not significant for the
third phase of the test. Habituation did not produce significant differences in pain responses.
The effect of formalin concentration was significant (p<0.001). Post hoc comparisons
showed that only 5 and 10% formalin produced significantly more pain than no-formalin
controls in the period between 2 and 16 hours post-formaiin.

MPE,, and slope values could not be computed for this part of the formalin test.

Pain levels were too low to obtain a slope and MPE,; estimate.
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Figure 17
Formalin concentration-ettect relationship tor habituated and unhabituated rats in the third
phase (2 to 16 hours after tormalin injection) of the tormalin test. Star indicates that the

pain level is significantly higher than that of no-tormalin controls.

4.3.2 General behaviours

General behavioural categories observed were sleeping. Iving. sitting or standing
still. walking. grooming. snifting. rearing. licking tloor. backwards locomotion and cating
or drinking. Snitting. rearing and walking were analysed as one vartable. “exploring’.
Figures 18 and 19 display time courses ot general behaviour for the entire 16-hour formalin
session. The behaviours that occurred during the first phase are shown separately. The
second phase is divided in tour bins. the first spanning 8 to 30 minutes posttormalin. The
responses that occurred during the remaining time ot the session are averaged tor each
treatment group. over 30-minute periods . Figure 18 shows time courses of unhabituated
rats receiving no formalin. 1. 2. 5 and [0% formalin. and figure 19 of habituated rats

receiving the same tormalin concentrations.
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Time-courses of general behaviours in the first, second and third phase of the formalin test
in unhabituated animals. 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 turned off in the colony room (7pm).
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Figure 19

Time-courses of general behaviours in the first. second and third phase of the formalin test

in habituated animals. 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 turned off in the colony room (7pm).
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The eftect of tormalin on general behaviour was analysed within three distinet
phases of the experiment. Fhe tirst and sccond phase corresponded to the two pain phases
(0 to 6 and § to 120 minutes. respectively). The third phase (from 2 to 16 hours
posttormalin). was. in addition. divided in phase 3A and 3B. Phase 3A was detined as the
time period immediately following the second phase and lasting until the time of food
administration. which occurred approximately at the ume of the animals™ waking time.
hase 3B spanned the timc botwoedt iic wWaking houi it tie end of e testing pertod.

Behaviours were examined quantitatively usimg ANOVA with  behavioural
categories as repeated measures. separately tor each ot the four phases (first. second. 3A
and 3B). and habituation and formalin concentration as between-subject tactors. To turther

reduce the number ot behavioural categories. [ving and sitting or standing sutl were grouped

together as “sull™.

4.3.2.0 First phase (0-6 minutes)

The interaction eftects between behavioural catevory and habituation. and between
behavioural category and formalin concentration. were significant at the p<0.01 level and
were further examined by t-tests with Bonferroni correction. and LSD post hoc analyses.
respectively.

Sleeping and feeding behaviours did not occur during the first phase. while
backwards locomotion was intrequent. Lying and sitting or standing still was increased in
the 2. 5 and 10% formalin groups as compared to rats that did not receive any tormalin
(p<0.05). Exploring was depressed in the 2% and 3°e formalin groups compared to
uninjected controls (p<0.03). Exploration was depressed in habituated animals as compared
to unhabituated ones (the ditterence was significant in the 1%0 and 3% groups (p<0.05). and
approaching significance in the 2% group (p<0.10). Grooming increased from the no
formalin to [% formalin group. the difterence approaching significance (p<0.07) and was
then dose-dependently depressed through the 2. 5 and 10 %o groups (p’s decreasing from
0.025 for 1% vs. 2% formalin groups and 0.002 for 1% vs. 10% formalin groups).

Particularly in habituated animals. grooming decreased progressively up to 3% formalin.
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and was not observed in the 10%0 group.

4.3.2.ii Second phase (8-120 minutes)

Behaviours during the second phase of the formalin test did not ditfer signiticantly
between the habituated and non-habituated animals. or between the ditterent tormalin
treatments. The ratios ot difterent responses changed markedly during the second phase.
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minutes: Figures 18 and 19) tor the purpose of turther analvses. ANOVA of the second
phase now revealed that behaviour was significantly dittereat between the tour time slots
(p<0.001). and the interaction between formalin concentration and phase was approaching
signtticance (p=0.067).

[n the first part of the second phase (8 to 30 minutes) the activity in all treatment
groups was very high. The main difterence between the higher and lower tormalin
concentration was the occurrence ot BLM (10% unhabituated and 3% and 1090 of
habituated rats). This behavioural response may augment the increase in activity of the
higher tormalin groups. Activity during the next tume period (32 t 60 minutes) was
depressed as compared to the first part of the second phase. In the period of 62 1o 90
minutes. the activity was lower in the 3 and 10% groups. This may have been due to the fact
that in these animals pain persisted through this time period. while the pain responses in
others had ceased. Sleeping occurred only in rats that received fower iormalin
concentrations . During the last part ot the second phase (92 to 120 minutes). an increase
in sleeping can be observed in all treatment groups. The decrease in activity throughout the

second phase can be observed in Figures 18 and 19.

4.3.2.iii Third phase (2-16 hours)

The interaction between tormalin concentration and behavioural category was
significant in phase 3A. Sleeping was significantly depressed in the 10% formalin group
as compared to the no formalin controls (p<0.01). [n the same treatment group Inactive

behaviours (lving. sitting or standing still) were significantly increased (p<0.05). During

71



the waking period of the test (10 to 16 hours posttormalin. phase 3B) the ettects of formalin
and habituation on general behaviour was not significant. No ettect of tormalin and
habituation on general behaviour was observed. The rater did not observe any additional

ditferences between the treatment groups.

4.3.3 Morbidity and agitation
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treated as mutually exclusive categories. When behaviour was normal a score of "0" was
recorded. Figure 20 shows agitation i the tirst and second phase of the test and morbidie
in the second and third phase. Agitation did not occur during the third phase while
morbidity was not seen in the tirst phase.

Fhe effect ot agitation was not analysed by ANON N since the behaviour did not
oceur in no-tormalin or 1%, tormalin groups. and in the 2%0 group 1t only oceurred
intrequently in one subject per group. Theretore only the agitation scores in the 3°6 and
10%0 groups were tested against the no-formalin group using t-test. In these groups agitation
was signiticant in the second phase (p<0.03 for 3% tormalin groups and p<0.01 tor 10%0).
During scoring. agitation correlated highly with backwards locomotion.

Repeated measures ANOVA revealed that there was a significant interaction
between tormalin dose and phase ot the tormalin test and a signiticant eftect of phase. while
the effect of habituation and tormalin dose was not signiticant. The significant interaction
was investigated by investigating the etfect ot tormalin on morbidity at each phase ot the
tormalin test. [n the first phase no morbidity was scored. [n the second phase only the 2%,
tormalin group had a morbidity score signiticantly higher than no-tormalin controls. In the
third phase. rats that received any tormalin treatments were signiticantly morbid (p<0.03
for the 2% tormalin group. and p<0.01 for the 1. 5 and 10°s tormalin groups. These eftects

are depicted in Figure 20.
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Morbidity and agitation scores in the formalin test. Morbidity was only observed in the

second and third phase, while agitation only occurred in the firstand the second phase.

* indicates the score is significantly greater than that of no-formalin controls.

** indicates that the score is significantly higher than that of controls at the p<0.01 level.
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Chapter 3

Analysis of effects of morphine

5.1 Objectives

In this experiment. the relationship between the amount ot pain and the analgesic
potency of morphine was investigated. Morphine dose-etlect relationships were established
over the tull range of trequently used formalin concentrations. They are shown in Figure
20. Formalin concentration-eftect relationships at tixed morphine doses were established

from the same data sets and are shown in Figure 21.

5.2 Experimental design

Rats were randomly assigned into 6 groups. each representing one ot six tormalin
concentrations (0.75. 1.3, 2.25,6.75 and 13.23%). From cach ot these groups. the animais
were turther assigned to three or four subgroups of five subject. corresponding to ditterent
doses of morphine. Morphine doses were determined such that the pain scores were
submaximal (i.e. animals did not display continuous pain hehaviours throughout the test).
and were administered 30 minutes betore formalin. The doses ranged from 0.25 10 § my kg,

Behaviour was sampled every two minutes. tor 60 minutes atter the administration
of tormalin. The pain behaviours displayed in the time-period between 12 and 60 minutes
post-formalin was used to determine the pain index. The behavioural scale used was
identical to that used in Experiment [. and is described in Table [

The delay in obtaining permission trom the Animal Ethics Committee to carry out
experiments using formalin conceritrations over 3% without administration ot analgesic
agents did not permit all experiments to be conducted in the desired order. Theretore. the
investigation of morphine dose-effect relationships atditterent tormalin concentrations was
conducted prior to the analysis of tormalin-induced behaviours over the tull range of

formalin concentrations. Because of this. the behavioural rating scheme used was that
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described by Abbott et al. (1993) tor tormalin doses ranging trom 0.5 o 2.3%. The
assumption was made that tormalin-induced pain increased dose-dependently up to 107,
formalin. and only a strong analgesic (morphine) was used in the analysis. [t was also not
possible to run no-morphine control subjects. The baseline pain level occurring at each
formalin concentration in the absence of morphine was therefore estimated by interpolating

the morphine dose-ettect relationships.

5.3 Results

Morphine dose-ettect relationships at ditterent formalin coneentrations are shown
in Figure 20. Each line connects the mean pain scores obtained ol rats that received
difterent morphine doses at one tormalin concentration. Fhe range of morphine doses at
cach tormalin concentration was chesen in o way that the lowest morphine dose permitted
a pain response that was submaximal. e, the animals did not show continuous pain
behaviours. and the highest morphine dose alleviated virtually all pain. At any tormalin
concentration. an increase in morphine dose resulted in a decrease i the pamn response. The
exception to this was 0.3 mg kg morphine at 1% tormalin. Within the range ot lower
morphine doses (up to 1.3 mg kg). an increase in formalin concentration increased the
requirement for morphine to maintain the same level of pain control. This can be observed
by a progressive rightward shift in the morphine dose-ettect relationships at fixed tormalin
concentrations. At tormalin concentrations higher than 1.53% o, the requirement for morphine
no longer increased with increasing tormalin concentrations. which can be concluded from

the lack of a rightward shift in morphine dose-ettect relationships. The 8§ mg

=
~

kg morphine
dose appeared to block pain induced by any tformalin concentration (up to 13.3%).

Mean pain indices produced by ditterent formalin concentration at 2. 4 and 8 mg kg
morphine were replotted in Figure 21. to show tormalin dosc-ettect relationships at tixed
morphine doses. At 8 mg/kg morphine. no tormalin concentration produced a significant
pain response. At morphine doses lower than 8 mg/kg. in the lower range of formalin
concentrations (less or equal to 2.23%). an increase in formalin concentration increased the

pain response. However. as the tormalin concentration increased further. the pain response
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became asymptotic. The level of maximal pain that can be produced at each morphine dose

appeared to decrease with an increase in morphine dose.

—e— 0.75 % formalin @ 2.25 % formalin
—@— 1.00 % formalin @) 6.75 % formalin
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Figure 21

Morphine dose-etfect relationships at different formalin concentrations.
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Figure 22

Formalin concentration-eftect relationships at different morphine doses.
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Chapter 6

DISCUSSION

The formalin testis a useful animal pain model. Formalin-induced pain occurs due
to tissue injury. and resembles many types ot clinical pain. as opposed to other pain models
in which transient paintul simuli are presented and pain thresholds are measured. Thereare.
however. considerable inconsistencies regarding the methodology ot the test. The time-
sampling method validated in the present study 1s an attempt to simplity the scoring
procedure of the test. [t makes it less labour-intensive and time consuming. It also provides
the opportunity to score other behaviours and provide additional quantitiable intormation
on pain and pharmacological treatments. The second objective was o examine ail
commonly observed behaviours induced by the range or concentrations most commonls
used. and examine the etfect ot stress due to novel environment on responses (o
subcutaneous tormalin. The [ast expertment investugated the requirement of morphine by

tormalin concentration.

6.1 Validation of the time-sampling method

Pertorming the tormalin test is a demanding task. mainly because behaviour is rated
tor a longer period of time than in other pain tests. and some of the behavioural responses
must be scored continuously. In a typical pharmacological study. where three doses ot'a
drug are tested along with a no-drug control group. with only two subjects rated at one time.
ten hours of testing are required to obtain mean pain scores tor tive animals in cach
treatment group.

[nvestigators have attempted to simplify the scoring of the formalin test. usually by
rating only a subset of the behavioural responses. Observing tewer behavioural responses
may be an easier task tor the observer. However. the present study. which is in agreement
with that of Abbott et al. (1995). shows that the pain indices that best correlate with the

natural logarithm of formalin concentration require the scoring of lift and lick. bite. shake
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and tlinch. Moreover. methods emploving simplitied behavioural scoring are not more
efficient than continuous rating of all pain-specitic behaviours. because constant
observation of animals is still required. [n some publications researchers report scoring
behaviours only during short time periods. As was shown in the second experiment. the
pain response to ditterent tormalin concentrations varies i duration and magniwde.
Scoring only a part of the response may therefore be less reliable for esumating the level
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Two automated systems have been developed o decrease the amount ot labour
required. and to increase time-efticiency. Thev do not. however. distinguish between
ditterent pain-specific behaviours. The pain intensity is inferred trom less specitic activin
measures. As a result. certan pain-specitic behaviours mayv not be detected by the
automated methods. Neither of the automated systems (Jett & Michelson. 1996: Jourdan
et al.. 1997) can detect. tor example. pain behaviours such as [ving sull with the injected
paw lifted above the tloor. In addition. in the automated system by Jourdan et al (1997,
diazepam appeared to produce analgesia. while Jett & Michelson (1996 did not test their
syvstem for the etfect ot non-analgesic sedative agents on the pain scores. [tis probable that
sedative agents would produce pseudo-analgesia in the dynamic torce change apparatus.

The time-sampling method ot scoring formalin-induced behaviours introduced here
has many advantages over the traditional continuous rating. When behaviour is sampled
every minute or every two minutes. the scoring is considerably less demanding for the
observer. The amount of time required to describe an animal’s instantaneous behaviour by
entering two or three behavioural codes is in the order of seconds. Up to ten animals have
been tested using this method when behaviour was sampled every two minutes. provided
the rater is experienced and can maintain a constant look-and-enter rhythm. Anexperienced
observer will finish rating ten animals in less than one minute and will be able to refax until
the next rating bin. The number ot animals that can be tested simultaneously is limited
primarily by the number of animals that can be injected during the time between two
contiguous ratings. The program is started at the time of the tirst injection. hence all rats to

be tested have to be injected betore the first rating one or two minutes later. It is important
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that rats are injected in the same order they are observed. A\ study using two-minute time-
sampling to rate ten rats simultancously will require tive times less scoring time than it
continuous rating were used.

Results obtained by the time-sampling compared weil to those trom continuous
rating. and the time course of pain-specitic behaviours obtained from sampling eveny
minute or every two minutes was almost identical to that ot continuous rating. The
corretation detween indiy idual Detiay oural paiii-speciiic idspuiises scorad By buih inciliods
was highly signiticant. as were the correlations between pain indices computed trom results
ot both methods. The concentration-ettect relationships established from time-sampling
data were virtually identical to continuous rating ones. particularly tor the second phase ot
the test. Most importantly. the statistical power was not reduced. so that the same number
of subjects per group vielded equally robust results. Similariy. both methods were equalls
sensitive to morphine analgesia and revealed almost 1dentcal morphine dose-ettect
relationships.

Another important advantage of the time-sampling method is that other behas wours
can be rated in addition to the pain-specitic ones. This s simply done by entering one or
more additional behavioural codes each time a rat’s behaviour is being described. In tact.
this method is very tlexible and can be used to describe many different aspects of
behaviour. such as the degree to which a pharmacological agent is sedative or excitatory.
[t also allows the extent to which the behaviour is normalised to be used as an additional
index of analgesia. [n the present study it was observed that rats that were habituated to the
testing environment. and did not receive any formalin. displayed a cyclical pattern of
behaviour that was not observed in tormalin-treated rats (Figure 6). Formalin-treated
animals. in addition. displayved less exploratory behaviour and more inactive behaviours.
Administration of morphine reversed the depression ot activity at lower doses. At 2 mg kg.
behaviour appeared to be normalised. although this dose of morphine did not produce
complete analgesia it only pain-specific behaviours were considered. With a progressive
increase in morphine dose an increasing degree ot sedation was observed. Complete block

of pain responses occurred at 8 mg/kg morphine. It is probable that effective clinical
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analgesia is obtained at the dose that normalizes behaviour. This would be consistent with
the very low doses of buprenorphine. which was shown. in a study by Liles & Flecknell

(1994). to reduce post-surgical adipsia and aphagia in rats.

6.2 Analysis of formalin-induced behaviours and the effect of habituation
A wide range ot tormalin concentrations is used in the tormalin test. and there is
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magnitude ot pain may depend on such testing conditions as the concentration ot tormalin
used or whether or not the animals have been tumiliarized with the observer and the testing
environment. and during which time period the behaviour is scored. The present study was
designed to investigate the eftect ot these factors on pain measures commonly used and the
tormalin concentration-cttect relationships. In addition. a protile of general behaviours
induced by tormalin was established.

All formalin concentrations (1 to 10%0) produced the typical biphasic response. [n
agreement with most reports. the tirst phase was terminated within the tirst 3-6 minutes.
The interphase appeared very brict. and most rats began to show continuous pain
behaviours as early as 8-10 minutes after tormalin injection. although in the literature the
interphase has been reported to last approximately 10-13 minutes ( Tjolsen et al.. 1992).
The duration of the second phase varied with formalin concentration. The response
terminated within 60 minutes inrats receiving 1%o tormalin. and lasted progressively longer
in rats that received higher concentrations (approximately 75 minutes in the 3% tormalin
group and 90 minutes in the 10% group). This observation is not in agreement with Tjolsen
etal. (1992). who report that the second phase pain behaviours last until approximately 40
minutes after formalin injection. They do not. however. refer to what formalin
concentrations this conclusion was based on. Most researchers observe behaviour only
during one hour after tormalin injection (Appendix I). and at the same time the most
commonly used concentration is 3%. the pain responses displayed past 60 minutes post-
formalin are not accounted ftor. During the remaining time of the 16-hour test session (third

phase). most rats displayed occasional favouring and lifting. This residual pain increased
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gradually with increasing formalin concentration and became signiticant as compared to
uninjected animals in the 10% tormalin group.

The best predictor of the level of pain was determined by the analysis of correlations
between pain-specitic responses and the log of formalin concentration. The tindings are in
general agreement with those of Abbott et al. (1993) and Coderre et al. (1993): no single
behaviour managed to explain 30%. of the variance: tavouring correlated negatively with
formalin concentration in the second phase of the test. The bost simple nain measuras ware
general shaking (shake. tlinch or whole-body tlinch: SFWH. which 1s most commeonly
included in “tlinching”. The combination of two measures combined ( tlinch-lick ) performed
well in the second phase. where they explained 309 of the variance in habituated rats (vide
infray. The best pain indices were the sum of lifting and licking. biting or paw shaking
(SFWHL as well as the weighted means score by Dubuisson & Dennis (1977) and Watson
etal. (1997). These measures have been previously tound to be more robust than any other
measure (Abbott et al.. 1995: Coderre et al. 1993: Watsen et al. 19971,

A good pain measure should be resistant to sedative agents. and be able w0
discriminate between sedative and analgesic effects of a sedative analgesic. The weighted
means scores have been tested using non-analgesic sedatives tor formalin concentrations
up to 2%. They were found to be refatively resistant to the sedative etfects of pentobarbital.
and were not atfected by amphetamine (Abbott et al.. 1993). It was not possible to conduct
the same tests in this study. due to ethical concern ot not using a strong analgesic with 3 and
10% tormalin.

Acute stress has been shown to reduce clinical pain (Melzack et al.. 1982).
Similarly. stress can atfect the behavioural responses in animal pain models. However.
chronic stress has been found to aggravate prolonged pain (discussed below). Abbott &
Franklin (1986) have shown that acute stress due to novel environment reduces formalin
pain. Here we show that rats that were not habituated to the testing environment show
somewhat different responses to formalin. The etfect ot habituation on the behavioural
response to formalin was investigated by comparing formalin concentration-effect

reiationships for different periods ot the test. as well as its effect on general behavioural



state.

The eftect of habituation was most prominent during the first halt-hour of the
tormalin test. In the first phase. habituated animals that received 1%y tormalin displayed
significant pain. while the unhabituated animals did not. In unhabituated animals pain
responses only rose to signiticant levels at 2% formalin. At higher concentrations
habituation did not have an eftect. however this may be due to our observations that
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infray. The anset of the second phase was signiticantly defay ed in unhabituated animals.
although the area under the pain vs. time curve was not attected. The proporton ot pamn
behaviours in the second and third phase did notditter between the groups. however ashghi
trend was observed in habituation producing a slight rightward shitt in tormalin
concentration-eftect relationships. The magnitude ot the ettect of habituation may hence
decrease with tamiliarization to the environment during the test. The ettect ot habituation
on general behaviour also occurred at the beginning ot the test. [n the first phase
unhabituated rats explored more and groomed less than habituated ones. During the second
phase of the test the prominent difference between habituated and unhabituated rats was a
more frequent occurrence of whole-body tlinching in unhabituated animals. This appeared
occasionally at concentrations as low as 2%, and progressively increased to 10% tormalin.
while in habituated animals only a smail amount of WBF was observed in the 10°0 tormalin
group. This implies that WBF is a specific pain behaviour. The subjective appearance ot
this response suggests the presence ot a higher level of pain.

Since habituation conditions produce a signiticant ettect on pain-specitic behaviours
it is important to be aware that ignoring this variable may produce talse interpretation of
specific results. For example. in experiments with pharmacological treatments that alter the
degree of stress due to novel environment. such as opioids. rats that have positive drug
experiences associated with handling (e.g. repeated administration prior to testing) will
experience less stress on the day ot the test. and may show a decrease in the pain response
due to familiarity with the experimenter and/or the testing environment.

Another important observation was made. As mentioned above. WBF occurred



more in the second phase in unhabituated animals. As was mentioned carlier. WBE may
indicate higher levels of pain. In the second phase an index ot higher pain sensation could
be related to the tact that in prolonged clinical pain stress aggravates the pain. In some
animal studies it has also been shown that. while acute stress tends to decrease pain . Abbott
et al.. 1986a). prolonged stress may enhance it (King et al. 1996).

To investigate formalin concentration-etfect relationships the sum ot hitting and

orchaling was

licking, biting or shaking wasu ain, Inthe first
behaviours increased significantly trom no tormalin up to 2%» tormalin. where pain-specitic
behaviour appeared to become asymptotic since concentration-dependent increase was no
longer observed. A similar asvmptote in the behavioural responses in the tirst phase has
been observed in mice. where pain-specitic responses in the tirst phase plateaued at 9.2
tormalin. while second phase behavioural responses to pain continued to incerease with
tormalin concentration (Rosland ctal.. 1990y, This may explan the poor correlanon ot all
behavioural measures with log of tormalin dose in the first phase. In fact. the correlations
somewhat improved when the high formalin dose (10%) was notincluded in the calculation
of the coefficients of correlation. [t is clear that. to obtain statistical power in studies
concerning the first phase. larger samples than five rats per group would be necessary.

[n the second phase of the formalin test (8 to 120 minutes). tormalin produced a
dose-dependent increase in pain responses with formalin concentration. This increase in
pain response appeared to be log-linearly related formalin concentration. The pain response
increased with formalin concentration in two dimensions: it became more intense and lasted
longer. Within the first part of the second phase (up to 60 minutes - “phase 2%). with
increasing tormalin concentration. rats spent more time displaving lifting. licking or biting.
flinching. shaking and WBF. However. these behaviours became asymptotic at 3% o formalin
and did not increase at 10%. The ditference between 3 and 10% tormalin could be
quantitied by the increase in the duration ot the response. This can be best observed by the
shape of the concentration-eftect relationship depicted in Figure 15. Most researchers using

the formalin test use 3% tormalin and score behaviour tor only 60 minutes. Whether the

formalin test is performed under these conditions. it is not sensitive to treatments that
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produce hyperalgesia. This problem can be solved by cither extending the observation
period or decreasing the tormalin concentration.

During the second phase the difterence between 3 and 10% formalin lies mainly in
the duration of the response. As mentioned above. at 3% tormalin the behaviours are
already saturated. However. several observations point towards the tact that by looking at
the complete behavioural response there is indication that pain does increase from 3o 10%

Fawevealio lay
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wvicual pain indices. WD is
almost non-existent at tormalin concentrations up to 2%.. The amount showed at 3%0 was
not significantly bigger than zero. while at 10% it was. Ot all the pam behaviours scored
in the tormalin test. this behaviour appears to the observer the most severe and may indicate
higher levels ot pain. Further evidence tor this increase comes trom the observation that
there was concentration-dependent increase in subjective agiation scores between 3 and
10% tormalin. [n additon. BLM (retropulsion) occurred almost exclusively in the 10
tormalin group. The latter behaviour has been associated with higher tevels of clinical pain
in man (Bergouignon et al.. 1968).

The analysis of general behaviour revealed that tormalin attected the behavioural
state of the animals. Similar effects ot tormalin were observed during the tirst phase ot'the
test (0 to 6 minutes) and the tirst quarter of the second phase (8 to 30 minutes posttormalin).
At 1 and 2% tormalin. there was a concentration-dependent decrease in exploration. This
is inagreement with the observations of Abbott etal. (1993). tor concentrations up to 2.3%.
[n addition. formalin appeared to reduce activity by increasing lving and sitting still. but not
sleeping. which did not occur in the first half-hour of the test. In the 3 and 10% formalin
groups the effect on activity was reversed. This is due partly to the occurrence ot backwards
locomotion in these groups of rats. and also because of an increase in exploratory
behaviours that occurred because of agitation produced by the high level ot pain. [n the first
phase formalin appeared to dose-dependently depress grooming. This is also in agreement
with Abbott et al. (1995). however no ettect of tormalin on grooming was observed during
the second phase. In the second quarter of the second phase (32 to 60 minutes) the ettect

of formalin on general behaviour was less pronounced. Sleeping began to occur in the no-
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tormalin controls and lower formalin concentrations. During the third quarter activity was
lower in the 3 and 10%0 groups vs. the other treatment groups. During this period of time
the rats that received 3 and 1090 formalin were still experiencing pain which may be related
to the depression in activity. Moreover. the observer noted on several occastons that these
animals displaved ptosis. piloerection and sometimes hunched posture. more so than other
animals which appeared to have already recovered from the pain. Unul the end of the
formalin groups except a dose-dependent depression in sleeping during the tirst part ot the
third phase (2 to 10 hours posttormalin): the amount of time spent sleeping was
signiticantly lower in the 109 formalin group versus the uninjected controls. This implies
that the residual pain at 10°s tormalin is behaviourally signiticant.

Pain-specitic and general behaviour point towards questioning the use of tormalin
concentrations commonly used in the scientific literature. Five percent formalin produces
maximal pain responses in the period ot time most commonly observed (0 1o 60 minutes).
and as mentioned above. tormalin treatments in excess ot 3% don’t produce greater pain
levels when behaviour is rated one hour posttormalin. This does not mean that pain does
not increase when the tormalin concentration is raised to 10%0 formalin. As a matter ot fact.
the change in general behaviour. e.g. an increase in backwards locomotion. whole-body
flinching and subjective agitation in the 10% tormalin group support the idea that pain does
increase but is not detectable by the pain-specific indices due to ceiling eftects. Since
tformalin produces an almost linear increase in pain behaviour up to 3% in the first hour. a
lower formalin concentration will be more susceptible to treatments that alter pain
behaviours. i.e. an increase in sensitivity of the test. Additional support tor the use ot lower
formalin concentrations is provided by the analysis ot general behaviour which indicates
that formalin concentrations ot 3%» and higher produce subjective distress which is not
observed at lower formalin concentrations. Moreover. 3 and 10% formalin 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 concerns. Similarly. 10% formalin produces signiticant behavioural disturbance and
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pain up to ten hours postformalin. Use of such high formalin concentrations should be

avoided unless there is specific justitication.

6.3 Analysis of effects of morphine

Morphine dose-ettect relationships at a wide range of tormalin concentrations (.23
w 15.3%0) were constructed and the morphine requirement oy rormaiim concentration was
examined. At concentrations up to 1.3%. an increase in tormalin concentration increased
the requirement for morphine. This can be observed by rightw ard shitts of morphine dose-
etfect curves in Figure 21. At higher formalin concentrations. an increase in formalin
concentration no longer resulted in a rightward shift of the dose-etfect curves. This ceiling
ettect 1s not to due to a lack of increase in pain when formalin concentration are raised. As
discussed above. pain increases dose-dependendy at least until 1025 tormalin, The
phenomenon is therefore more likely to be related to the mechanism ot action ot morphine.
As can be observed in Figure 22, the interaction between formalin pain and morphine
analgesia mimics that of a typical non-competitive antagontsm. [t appears that morphine
acts by a mechanism resembling a valve that controls the tlow of a liquid. At each morphine
concentration there appears to be a maximum possible amount of pain that can be
experienced. and this amount decreases with increasing morphine dose. 8 mg kg morphine
appeared to block all pain.

Atthe lower formalin concentrations it may be that a ditterent neuronal mechanism
underlies the morphine analgesia. It has been shown that an injection of the GABA agonist
muscimol into the ventro-caudal brainstem blocks the etfects ot high doses ot morphine.
but not ot low doses (Gilbert & Franklin. 1998). The present data would be consistent with
the morphine effects observed at higher tormalin concentrations being mediated by
bulbospinal descending systems. The etfects at low tormalin doses could either depend on

forebrain mechanisms (Franklin. 1998) or peripheral effects (Hong & Abbott. 1995).
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Chapter 7

CONCLUSIONS

Time-sampling is a less demanding and more etticient method ot behavioural rating. [talso
enables the observer to score non-specttic behaviours. These provide usetul additional

information about the pain-related phenomena under study.

When | to 10% tormalin concentration are used. the best pain indices are the sum ot lifting
and licking. biting or shaking. and the weighted means scores. In the first phase pain
responses to tormalin concentrations over 2% are not distinguishable using anyv rating
scheme studied. [n the second phase. pain increases concentratton-dependently between |
and 10% tormalin. Behaviour should be scored tor at leat Y0 minutes when concentrations
of 3% and over are used. 10% tormalin produces signiticant residual pain and sleep
disturbance. Habituation to the testing environment increases the sensitivity to tormalin in

the tirst phase and increases the rate of rise ot the second phase.
Properties of morphine analgesia change with the dose used and the tormalin concentration.

There may be two ditferent mechanisms by which morphine alleviates formalin-induced

pain.
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APPENDIX I

Scientific reports published in the world literature in 1997-1998 using the rat tormalin
model of acute injurv-induced pain. The table shows the authors. the tormalin
concentration and volume. the pain measure used it any. the ume for which pain was

recorded and whether the rats were habituated prior to testing.
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Appendix |

First Author forma- pl equiva-  site of injection behavioural other dura-  habitua-

lin | %) lents* pain measure behavioural/  tion tion

physiological  [min]
measures
Abbadie et al. 2 50 2 s.c., plantar surface of flinching ” - - -
1997 hind paw
Abbott & Bonder 2.5 50 235 s.c., plantar surface of  lilt-lick - 50 15 min x
1997 hind paw 5 days
Abbott et al. 1 50 1 s.c., plantar surface of lilt-lick - 40 I5minx
1997 hind paw 5 days
Ahmadiani ct al. 5 50005 - flinching - - 45 -
1998
Aloisi et al. 10 5010 s.¢.. dorsal surface of fiching *: - () -
1997 hind paw flexing *:
jerhing

Altier & Stewarl 235 5025 s.c., plantar surtace o WMSIS - 60 2x 00
1998 hind paw min
Altier & Stewart 2.3 50 25 s.c.. plantar surface of WMS IS - 60) -
1997b hind paw
Altier & Stewart 235 S0 25 s.c., plantar surface of - WMS IS - 00} 2x ol
19974 hind paw min




First Author forma- pl equiva-  site of injection behavioural other dura-  habitua-
lin [%} lents* pain measure behavioural/  tion tion
physiological  |min|
measures
Bannon et al. 5 50 5 s.c., dorsal surlace of flinching *; - 60 -
1998 hind paw lick !
Bardin et al. 5 50 5 s.c., plantar surtace of” licking - 30 -
1997 hind paw
Barr (A, 10 10 2 s.c., plantar surface of WMS (1S) - O0) -
1998 hind paw
Bhatnagar et al. 1.25 500 1.25 s.c., hind paw Minching ™ blood 70 14 hours
1998 lick* pressure.
heart rate
Bhatnagar et al. 10 100 20 s.c.. distal part of tail - - - -
1998
Buerkle et al. 5 505 s.¢., hind paw Mnching -~ - 60 -
1998
Cadet et al. 1.5 50 1.5 paw or upper hp hnching - - 75 IS minx
1998 rubbing 2 days
Carlton & Zhou 2 20 1.3 - htt-hick 1 - 60} FS min x
1998 fhinching - 2 days




First Author forma- pl  equiva-  site of injection behavioural other dura-  habitua-
lin [%] lents* pain measure  behavioural/  tion tion

physiological |min]|
measures

Chaplan et al. 5 50 5 s.c., dorsal surface of linching - 60 -

1997 hind paw

Courteix et al. 5 50 5 s.c., dorsal surface of WMS* - 43 15 min

1998 forepaw

Culman et al. 25 50 25 s.c.. hind paw hicking ¢ - 15 -

1997

Dalal & Melzack 2.5 500 25 s.c., plantar surface ol WMS' - 50 -

1998 hind paw

Davidson et al. 3 15 1.5 s.c., plantar surface o liftrlick - 45 3n 30

1997 hind paw min

Dirig et al. 5 3005 s.c., dorsal surface of Minching PG, 60 -

1997 hind paw radioimmuno
UNSIN

Doak & Sawynok 235 50025 s.c., dorsal surface of hinching - 00 -

1997 hind paw

Erb et al. 5 50 5 s.c.. dorsal surface of thnching - 60 IS min

1997

hind paw

o



First Author forma- pl equiva-  site of injection behavioural other dura-  habitua-
lin |%)] lents* pain measure behavioural/  tion tion
physiological  [min]|
measures
Euchenhofer et al, 5 50 5 s.c., dorsal surface of flinching - 60 15 min
1998 hind paw
Field et al. 5 50 5 s.c., plantar surface of licking * - 45 [5 min
1997 hind paw
Fuchs & Melzack 2.5 50 25 s.c., plantar surface of  WMS - 120 20 min
1997 hind paw
Giardina et al. 5 50 5 s.c., hind paw linching ~ - 35 -
1998
Granados-Soto etal. 5 50 5 s.c., hind paw Minching * - 60 30 min
1997
Hao & Ogawa 5 50 3 s.c., dorsal surface of flinching - 60) -
1998b hind paw
Hao & Ogawa 5 50 5 s.c., dorsal surface of linching - - 60 -
1998a hind paw
Hermanson et al. 5 1o 10 - - C-fos - 3 hours
1998
Hermanson & 5 10010 - - C-los - 3 hours

Blomqvist, 1997




First Author forma- pl equiva-  site of injection behavioural other dura-  habitua-
lin [%] lents* pain measure behavioural/  tion tion
physiological  [min]|
measures
Hou et al. 5 565 s.c., plantar surface of WMS ' - 60 none
1997 hind paw Ninching *;
licking/biting ¢
Hua et al. 5 50 5 s.c., dorsal surface of fhinching ” - 60) -
1997 hind paw
lyvengar ct al. 5 50 5 s.c., dorsal surface ol heking 17 - 50 60 min
1997 hind paw
Jaggar et al. 25 50 25 s.c.. dorsal surface of WIS - 60) 15Sminx
1998 hind paw 4 days
John et al. 5 100 10 - - extrivasaion - -
1998
Jourdan et al. 5 5005 s.c., plantar surface o WNMS - 60) -
1997 hind paw (automated)
Kang et al. I 50 1 s.c.. dorsal surface of Minching - 60 -
1998 hind paw
Kauppila et al. 5 5005 s.c., plantar surface of lil-lick - 30 -

1998

hind paw




First Author forma- pl  equiva-  site of injection behavioural other dura-  habitua-
lin |%] lents* pain measure behavioural/  tion tion

physiological  [min]
measures

Kwak et al. 5 150 15 - - C-fos - -

1998

Lietal 8 M 8 - - C-los - -

1998

Liuetal 2 200 8 - - C-los N .

1998

Luccarini et al. 1.5 5015 upper hip rubbing - 43 -

1998

Machelska et al. 12 100 24 - Minching # - 75 -

1997

Manning & Franklin = 2.5 50 25 s.c., plantar surface of lift-lick * - 50 -

1998 hind paw

Mecnally & I.5 5015 s.c.. plantar surface ol hift-lick - 40 15 min x

Westbrook, 1998 hind paw 4 days

Morrow et al. 25 50025 s.c., hind paw cerchral hlood 25 1-2

1998 flow weeks

Nencini et al. 5 50 5 s.¢.. dorsal surface of hnching - 00 -

1998

hind paw

O



First Author forma- pl equiva-  site of injection behavioural other dura-  habitua-
lin %]} lents* pain measure behavioural/  tion tion
physiological  [min]
measures
Nozaki-Taguchi & 25 5025 s.c., plantar surface of {linching ” - 60 -
Yamamoto 1998a hind paw
Nozaki-Taguchi & 2.5 S0 25 s.c., plantar surface of” tlinching * - 60 -
Yamamoto 1998h hind paw
Omote et al. 5 50 5 - - - - -
1998
Ortega-Alvaro ctal.  13. 100 13.5 - hicking ! - 50 20-30
1997 min
Peterson et al. 5 100 10 s.¢., dorsal surtace of itinching - 50 18 hours
1997 hind paw
Pini et al. 3 505 s.c., dorsal surface of flinching * - 60) -
1997 hind paw
Pini et al. 5 50005 s.c.. dorsal surface of Mnching - o0 2 hours
1997 hind paw
Przesmycki et al. 5 505 s.c., plantar surface o {linching rotorod test ol - -

1998

hind paw

motor
performance




First Author forma- pul  equiva-  site of injection behavioural other dura-  habitua-
lin [%] lents* pain measure behavioural/  tion tion

physiological [min]|
measures

Przesmycki et al. 5 50 5 s.c., plantar surface of  flinching ” - 60 -

1997 hind paw

Randolph & Peters 5 505 s.c., hind paw lick ¢ - 30 24 hours

1997

Sandrini et al. 5 50 5 s.c., dorsal surfuce of Minching ” - 40 -

1998 hind paw

Sawynok & Reid 0.5 50 05 s.c., dorsal surface off flinching ” - 60 30 min

1997 hind paw

Sawynok et al. 1.5 50 1.5 s.¢., dorsal surface of linching * - 60) 20 min

1998 hind paw

Shimoyama ct al. 5 50 5 s.c., hind paw Ninching - 60) -

1997

Shimoyama ct al. 3 5005 s.c., hind paw linching - 60 -

1997 hehing !

Simmons ct al. 5 M5 s.c., dorsal surface of lichimg ! rotorod test ol 50 I hours

1998

hind paw

motor
perlormance




]

First Author forma- pl  equiva- site of injection behavioural other dura-  habitua-
lin {%] lents* pain measure behavioural/  tion tion
physiological  |min|
measures
Taylor et al. 5 50 5 - Minching *; - 90 -
1998 licking *
Taylor ct al. 2 50 s.c., plantar surface of - flinching ” - 70 -
1997 hind paw
Teng & Abbott 10 50 s.c., plantar surlace ot hiftrhek S - o0 -
1998 hind paw
Vaccarino et al. 25 50 25 s.c., plantar surfuce o WNIS! - 70 10 min
1997 hind paw
Vitale et al. 5 505 - tlinching - 6() 2 hours
1998
Watson et al. 5 50 5 s.c., plantar surface o WNINS ultrasound o 30 -
1997 hind paw nmeisure
activity
Yamamoto ¢t al, h 505 - Minching ~ - 60 -
1997
Yashpal et al. 2.5 50 25 s.c., plantar surface of WNMNS - 60 -

1998

hind paw




4 «
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First Author forma- pl  equiva-  site of injection behavioural other dura-  habitua-
lin |%] lents* pain measure  behavioural/  tion tion

physiological  [min]|
measures

Zangen ct al. 10 50 10 s.c., hind paw - microdyalisis = - -

1998 - arcuate
nucleus

Zhu et al. 5 60 6 - WMS ¢ - 60 -

1997

* Formalin concentration computed for a 50pl volume
WMS = weighted means score

“ indicates simple counting quantification

'S indicates time-sampling method of quantification
“indicates continuous rating
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