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ABSTRACT

EVALUATION OF TWO METHODS TO ELICIT SOMATIC OR VISCERAL
NOXIOUS STIMULI AS PROCEDURES TO SCREEN ANALGESIC DRUGS IN
RATS

By

Robert Alan Durhanm

This study was undertaken to evaluate a modified Evans
flinch-jump procedure (somatic nociception) and colorectal-
balloon distension (visceral nociception) for measuring
nociceptive threshold (NT) in rats. The goal was to
validate these models by screening analgesic drugs such as
opioids (oxymorphone and butorphanol), and non-steroidal
anti-inflammatory agents (ibuprofen and Ketorolac
tromethamine). Diazepam was also studied as an agent with
central anxiolytic/sedative properties and no known
analgesic activity to determine the selectivity for
analgesia in these tests. The Flinch-jump (FJ) procedure
may not represent a natural noxious stimulus only larger
doses of oxymorphone (0.3 - 0.9 mg/kg) increased the NT.
The colonic balloon distension (CBD) method was more
sensitive and both classes of opioids increased the NT at
pharmacologically relevant doses. Neither of the NSAIDs nor
diazepam increased the NT in either test. The CBD was more

sensitive for opioid antinociceptive effects than FJ.
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GENERAL INTRODUCTION

"Pain is an unpleasant sensory and
emotional experience associated
with actual or potential tissue
damage, or described in terms of
such damage...Pain is always
subjective...Activity induced in
the nociceptor and the nociceptive
pathways by a noxious stimulus is
not pain, which is always a
psychological state, even though we
may well appreciate that pain most
often has a proximate physical
cause." (Merskey, 1979).

As defined above, pain is a complex phenomenon which
encompasses both physiological and psychological processes.
Whereas nociception is a physiological process in which
afferent neurons relay information about noxious potentially
damaging stimuli from peripheral (somatic and visceral)
structures to the central nervous system. The perception of
these noxious stimuli as painful depends upon spinal and
supraspinal integration of nociceptive transmissions leading
to a unified response to threatening stimuli including:
sensory/discriminatory aspects, motivational/affective and
reflex autonomic adjustments. Nociceptive models have been
developed with a two-fold purpose; a)to study the anatomy
and physiology of nociception, and b) to evaluate analgesic

1



2
drugs. Various techniques have been used to simulate
nociceptive challenges in ways that are reliable, sensitive
and quantifiable. These simulations attempt to excite
receptor populations involved in recognition of clinically
relevant noxious events without causing tissue damage, undue

pain or distress in animal subjects.

Anatomy and Physiology of Nociception
Peripheral Substrates of Nociception

Somatic nociception involves structures located in
skin, subcutaneous tissue, muscle, teeth, bone, and joints
which are more or less selective as transducers of noxious
mechanical thermal or chemical stimuli. These transducers
or nociceptors are classified according to the modality of
stimulus to which they respond. High threshold mechanical
(HTM) nociceptors respond maximally only to stimuli in the
noxious range and as such are often referred to as
nociceptive specific. C-polymodal nociceptors respond to
intense mechanical, thermal and some chemical stimuli. In
the rat these nociceptors constitute up to 90% of the C
fiber sensory units in hairy skin (Dubner and Bennett,
1983). Thus by sheer numbers they are considered very
important in the transmission of noxious stimuli.
Myelinated mechanothermal nociceptors (MMTN) or A-delta heat
nociceptors respond maximally to intense heat stimuli

(greater than 45°C) and to intense mechanical stimuli.
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Theses fibers are responsible for the first pain due to heat
stimulation (Dubner and Bennett, 1983; Yaksh and Hammond,
1982). More recent studies have confirmed earlier reports
(Zotterman, 1939) that both A-delta and C-fibers contribute
to the dual (fast and slow) response to acute noxious
stimulation of the skin (LaMotte and Campbell, 1978; Dubner
et al., 1977). A-delta fibers appear to be specialized for
responding quickly to mechanical and thermal insults
triggering the fast, sharp, "first pain" which elicits a
motor response to limit possible damage. In addition to
reinforcing the responses of MMTNs in mechanical and thermal
insults, C-polymodal nociceptors are sensitized by chemical
mediators and are responsible for the slow burning second
pain signaled by inflamed tissue. A possible benefit from
this effect is the promotion of rest and protection of these
tissues to allow healing (Bonica, 1990).

Visceral nociception is accomplished in a similar
fashion with A-delta and C-fiber primary afferents following
sympathetic and parasympathetic nerve tracts to innervate
thoracic and visceral structures. However, visceral
nociceptors are not necessarily excited by stimuli that
would excite somatic nociceptors (Lewis, 1942). Noxious
stretch or distension and some chemical stimuli evoke
responses from primary afferent fibers located in viscera,
whereas visceral organs are relatively insensitive to

cutting or probing (Gebhart and Ness, 1991).
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Smooth muscles of the hollow viscera contain
mechanoreceptors connected to both A-delta and C fibers
which join the vagal parasympathetic supply. These non-
specific mechanoreceptors or tension receptors are active
during normal non-painful functions. Nerve activity
dramatically increases in response to isometric contractions
which are usually associated with pain (Leek, 1972). These
findings led Iggo (1974) to conclude that these non-specific
tension receptors might have a dual function. At low levels
of activity, these receptor-afferent units regulate visceral
and vascular reflexes, while at higher levels of activity,
they function as nociceptor-afferent units. However,
conclusive evidence has been shown that noxious stimuli
(pain) from the alimentary tract travel via splanchnic and
other sympathetic nerves (Cerevero and Morrison, 1986).
Splanchnic afferent mechanosensitive receptive fields are
distributed along the superior mesenteric artery, vessels in
the mesentery, and walls of the viscera (Morrison, 1977).
These receptors are slowly adapting A-delta and C fibers
which respond to light mechanical stimuli, e.g. tension
applied to mesentery and visceral peritoneum, smooth muscle
contraction, and visceral distension. These fibers are
thought to be directly involved in pain because they respond
to stimuli known to evoke painful sensations and follow
sympathetic pathways with cell bodies in the dorsal root

ganglia (Morrison, 1977). It has been suggested that, since
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these receptors lack specificity, they might encode
information from noxious stimuli based on intensity
(Cervero, 1983; Cervero and Morrison, 1986). Thus the non-
specific tension receptors which join the vagus are not
likely to be directly involved in nociception and increased
activation may only be a coincidence of increased tension or
stretch.

In contrast to somatic sensations visceral sensations
are poorly localized. It has been estimated that visceral
afferent fibers constitute less than 10 % of the afferent
fibers in dorsal roots. "Thus the visceral sensory field of
each dorsal root is formed by extensive branching of
relatively few parent afferent fibers so there is up to 100%
overlap between the receptive fields of adjacent roots"
(Bonica, 1990). There is a much higher proportion of small
fibers in visceral primary afferents compared to cutaneous
primary afferents. Among group A fibers, A-deltas
predominate and the ratio between A and C-fibers is 1:8 or
1:10 compared to the ratio at the dorsal root which is 1:2
(Jdnig and Morrison, 1986). The primary afferents from the
descending colon and rectum pass through the pelvic nerves
and enter the spinal cord via ventral and some dorsal roots

of S2, S3, and S4 (Cervero and Morrison, 1986).

Dorsal Horn

Two types of nerve cell bodies can be morphologically
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differentiated in the dorsal root ganglion (Lawson, 1979).
Although there are cells which do not rigidly fit into
either category type A are large lightly staining cells and
type B are small darkly staining cells. Initially larger A
fibers were thought to be associated with type A cell bodies
and Small diameter A-delta and C fibers are often associated
with type B cell bodies (Lawson et al., 1984). There is
more recent conflicting evidence whereby fiber type is
(Harper and Lawson, 1985) and is not (Hoheisel and Mense,
1986) correlated with cell body type. Correlations of this
type would allow one to readily distinguish between fiber
types based on cell body type.

The central projections of primary nociceptive
afferents synapse in the dorsal horn. The spinal cord grey
matter is conventionally divided into laminae based on an
ultrastructural organization of neurons (Rexed, 1954).
Although laminae do not represent strict borders, lamina I
is called the marginal zone, lamina II the substantia
gelatinosa, laminae III - V the nucleus proprius, and lamina
VI the base of the dorsal horn (Bonica, 1990). Laminae I
and V are the most prominent sites where primary nociceptive
afferents synapse in the dorsal horn. Many cells in lamina
I respond only to noxious stimuli and thus are known as
nociceptive-specific (NS) (Cervero et al., 1976). A larger
portion of cells in this lamina are projection cells. They

make up both long ascending pathways and shorter
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intersegmental connections involved in the organization of
sensory transmission (Basbaum, 1984; Yaksh and Hammond,
1982). Most lamina V cells are multireceptive or wide
dynamic range (WDR) neurons that respond to a variety of
inputs; low to high threshold mechanical, thermal, and
chemical stimuli from A-delta and C-fiber primary afferents
(Wall, 1989). Some lamina V cells respond to input from
both visceral and cutaneous nociceptors which may serve as
the anatomical substrate for referred pain (Pomeranz et al.,
1968). Axons of Cells in this lamina also make significant
contributions to the ascending nociceptive pathways (Cervero
and Morrison, 1986).

The substantia gelatinosa (lamina II) is dominated by
small neurons with dendrites branching in the rostral caudal
plane. In this lamina, stalked cells and islet cells are
two prominent cell types considered important as dorsal horn
nociceptive local-circuit neurons (Gobel, 1978). Stalked
cells are thought to function as excitatory local circuit
neurons (Gobel, 1978), dendrites of these cells receive
synapses from primary afferents and possibly descending
serotonergic axons (Dubner and Bennett, 1983). Islet cells
are thought to function as local inhibitory interneurons
(Gobel, 1978). Some islet cells are GABAergic while others
are enkephalinergic and like stalked cells, islet cells also
receive input from descending serotonergic axons (Dubner and

Bennett, 1983; Gobel, 1978). The substantia gelatinosa is
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not a closed system and some interneurons project into
surrounding laminae and also include projections in the long
ascending tracts (Willis, 1985).

Neurochemical transmission and modulation of
nociceptive input in the dorsal horn is a complex and
intricate process that is not fully understood.
Neurochenmicals such as 5-Hydroxytryptamine (5-Ht), gamma-
aminobutryic acid (GABA) and the peptides (substance P,
vasoactive intestinal peptide (VIP), calcitonin gene related
peptide (CGRP), cholecystokinin (CCK), somatostatin,
neurotensin, and endorphins) found in the dorsal horn have
been ascribed various excitatory and inhibitory roles in
nociception. Direct inhibition of spinothalamic tract cells
in lamina I has been shown with iontophoresis of S5-HT
(Willcockson et al., 1984). Electrical stimulation of the
nucleus raphe magnus (NRM) inhibits nociceptor-specific (NS)
and multi-receptive (WDR) lamina I neurons (Miletic et al.,
1984, Ruda et al., 1982). NRM stimulation also inhibits
stalked cells of lamina II. However, deeper islet cells have
few 5-Ht contacts and are not inhibited by NRM stimulation.
Both GABA, and GABA, receptors have been seen on presynaptic
aspects of A-delta and C-fiber primary afferents (Barber et
al., 1978; Patrick et al., 1983). GABA, receptors are
associated with bicuculline sensitive Cl° channels, while
GABA, receptors mediate a decrease in Ca?* conductance

(Desarmenien et al., 1980). Increased Cl conductance
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and/or decreased Ca’* conductances have been implicated as
the ionic basis for inhibitory control in synaptic
transmission. Substance P, CCK, VIP, and somatostatin have
all been ascribed excitatory roles in the transmission of
nociceptive information (Otsuka et al., 1982; Leah et al.,
1985). Neurotensin produces a dose dependent excitation of
spinal neurons (Stanzione and Zieglgansberger, 1983) and is
also present in islet cells (Seybold and Elde, 1982) which
makes this a possible candidate for nociceptive transmission
at the level of substantia gelatinosa interneuronal
circuits.

Considerable evidence supports a modulatory role in
nociception for endorphins. Opiate binding sites are
associated with primary afferent fibers (Fields et al.,
1980) . The prototype mu peptide agonist enkephalin
hyperpolarizes dorsal horn neurones through an increase in
K* conductance (Werz and MacDonald, 1982a, b; Yoshimura and
North, 1983). Additionally, enkephalins have been shown to
block Ca’* current which produces the broad action
potentials of C-type DRG neurons in culture (Mudge et al.,
1979). Similar results have been shown with kappa ligands,
such as dynorphin (Chavkin et al., 1982), which inhibit
populations of DRG neurons (MacDonald and Werz, 1986).
Opiate agonists which interact with the kappa receptor may
decrease the inward Ca’* current necessary for synaptic

transmission via a direct mechanism (Werz and MacDonald,
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1983). Opiates block substance P release following high-
intensity stimulation of peripheral nerves (Yaksh et al.,
1980). Taken together, the function of the spinal cord
dorsal horn is more than just a simple relay station but
performs a complex integration of neuronal signals. The
output is then passed on to spinal and supraspinal regions
to result in complex somatic and autonomic responses to

noxious stimuli (Taylor and Pierau, 1991).

Ascending Nociceptive Pathways

The major ascending tracts involved in nociception
follow the anterolateral white matter of the spinal cord
(often referred to as ventrolateral in animals). Three
distinct tracts; the spinothalamic (STT), spinoreticular
(SRT), and the spinomesencephalic (SMT) make up the
anterolateral fasciculus (ALF) and represent the primary
paths for nociceptive information from the spinal cord to
supraspinal regions. The spinothalamic tract arises from
cells in dorsal horn laminae (Giesler et al., 1981a). These
axons decussate within the spinal cord and travel within the
anterolateral white matter to the brain (Willis et al.,
1979; Jones et al., 1985). Evidence for involvement of the
STT in nociception comes from observations following
experimental or clinical lesions in the anterolateral
(ventrolateral) region of the spinal cord. Experimental

lesions of the STT diminished responses to noxious stimuli
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in rats (Peschanski et al., 1986). In lesions of the
anterolateral tracts, humans report that pain sensation is
absent below the segmental level of the lesion on the
contralateral side of the body (White and Sweet, 1969).
Further compelling evidence was reported in an individual
case history in which pain sensations remained when all but
the anterolateral quadrant of the spinal cord had been
transected (Noordenbos and Wall, 1976).

Spinothalamic axons terminate mainly in the ventrobasal
complex (Peschanske et al., 1983). A subgroup of cells from
laminae I and V which project directly to the
ventroposteriolateral nucleus and medial part of the
posterior thalamus are referred to as the neospinothalamic
tract (Kerr and Lippman, 1974; Brown, 1981; Yaksh and
Hammond, 1982). These fibers then synapse and project to
somatosensory cortex. The remainder of the STT branches to
form the paleospinothalamic tract (paramedial ascending
system), which also includes SRT and SMT axons that project
to nuclei of the medullary reticular formation, to synapse
and project onto periaquaductal grey (PAG), hypothalamus,
medial intralaminar thalamic nuclei, and limbic structures.

Three functional types of neurons have been represented
by axons in the spinothalamic tract. Nociceptive specific
(NS) neurons located primarily in lamina I give a slowly
adapting response to high threshold noxious mechanical and

thermal stimuli. Some reports indicate that nearly two-
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thirds of STT neurons that project exclusively to medial
thalamus are NS neurons (Giesler et al., 1981b). WDR
neurons respond in a frequency-dependent fashion to stimuli
of increasing intensity. These neurons, with cell bodies
located primarily in lamina V and a few in lamina I (Dubner,
1985), exhibit a sustained discharge to pressure and a rapid
adaptation to noxious thermal and chemical stimuli. WDR
neurons also receive converging input from cutaneous,
visceral, and muscle primary afferents which provides a
mechanism for referral of visceral pain to somatic receptive
fields (Willis, 1985). Cell bodies of Narrow dynamic range
neurons located in laminae IV and V also contribute to the
STT. These neurons respond only to innocuous tactile and
thermal stimuli.

Spinal projection neurons to the pontomedullary
reticular formation are known as the spinoreticular tract
(SRT), (Mehler, 1969). Many of these neurons identified by
antidromic stimulation are classified as nociceptive and
have characteristics similar to either WDR or NS neurons
described above (Willis, 1985). Double labeling experiments
show that some SRT neurons project to both the thalamus and
reticular formation (Giesler et al., 1981b; Keveter and
Willis, 1982). This evidence seems to be in agreement with
the earlier assertion that SRT neurons are likely to trigger
arousal and to contribute to motivational-affective aspects

of nociception as well as autonomic, motor, and somatic
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reflexes (Bowsher, 1976).

In rats, the spinomesencephalic projection from lamina
I is primarily to PAG and cuneiform nucleus (Swett et al.,
1985). These cells located in Lamina I respond exclusively
to noxious stimuli (Hylden et al., 1986a). Electrical
stimulation near the PAG in humans causes the sensation of
diffuse pain referred to the central part of the body or a
feeling of fear (Nashold et al., 1969). Stimulation of PAG
has also resulted in analgesia as well as aversive reactions
(Willis, 1982). Thus investigators have speculated that
midbrain projections are involved in affective aspects of
pain, autonomic responses, and pain modulation (Hylden et
al., 1985, 1986a,b).

Spinocervical and postsynaptic dorsal column tracts
have also been implicated in nociception. Neurons in the
upper cervical cord of the rat represent a true
spinocervical tract and many of these cells respond to
noxious stimuli even in the presence of anesthesia (Giesler
et al., 1979b). 1In humans, a role for these pathways in
nociception has been determined from evidence that chronic
pain often returns in the years or months following an
initially successful cordotomy of the anterolateral quadrant
of the spinal cord (White and Sweet, 1969). The remaining
spinocervical and postsynaptic dorsal column tracts are
believed to conduct nociceptive information in the absence

of a functional anterolateral quadrant. It is not clear
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whether the return of sensation is adaptive, i.e. these
tracts assume a nociceptive function in response to
cordotomy, or if these tracts represent additional

nociceptive pathways in normal individuals.

Supraspinal Structures and Nociception

The reticular network of neurons is organized to
distribute information quickly to multiple supraspinal sites
from the spinal cord, to thalamus, limbic structures, and
cortex (Bowsher, 1976; Casey, 1971; Casey, 1980a).
Physiologic studies show that the reticular formation
neurons can mediate motor, autonomic and sensory function
(Casey, 1980b). Selective lesions of the reticular
formation attenuate aversive quality of noxious stimuli
without affecting discriminatory aspects of nociception
(Casey, 1980b). Similarly, the effect of narcotic
analgesics on reticular formation also reduces suffering in
response to clinical pain without affecting the ability to
recognize noxious stimuli (Casey, 1980Db).

Several regions in the thalamus receive input from
ascending nociceptive tracts. The ventrobasal complex
consisting of ventral posterior thalamic regions divided
into medial and lateral nuclei, is thought to be involved in
sensory discriminatory functions. The STT from laminae I
and V end in the ventroposterolateral nuclei (VPL). These

nuclei respond primarily to mechanical stimulation (see
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Willis 1985 for references) and are somatotopically
organized with receptive fields on the contralateral side of
the body (Willis, 1985; Willis and Coggeshall, 1978; Netter,
1983). The VPL then sends projections to and receives
projections from somatosensory cortical regions, SI and SII
(Willis, 1985).

The ventroposteromedial nucleus (VPM) receives input
from trigeminal subnucleus caudalis, and sn. interpolaris.
Cells in the VPM exhibit a high degree of somatotopic
organization and have small receptive fields on the
contralateral side of the face. Like the VPL the major
portion of cells respond to low threshold mechanical
stimuli; however, some neurons respond as NS or WDR as well
(Willis, 1985). VPM fibers project to and from the facial
region in the somatosensory cortex, i.e. the lateral part of
the cerebral convexity in the postcentral gyrus (Jones and
Friedman, 1982).

The posterior group of thalamic nuclei also receive
spinal somatic sensory input from the STT. However, this
region of the thalamus lacks the somatotopic organization
found in the ventrobasal complex (Willis, 1985). The
receptive fields are bilateral and large with many cells
responding only to noxious stimuli (Poggio and Mountcastle,
1960). Lesions in the posterior group region have been
reported to provide pain relief if the lesions also include

medial thalamic structures (Willis, 1985).
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The role ascribed to medial and intralaminar thalamic
nuclei is related to motor and emotional reactions and
aversive drive. Cells in these nuclei respond most
vigorously to noxious stimuli (Casey, 1966). These cells
are not somatotopically organized and the receptive fields
are large and bilateral (Dong and Wagman, 1976). Lesions in
this region relieve the affective dimensions of pain while
preserving the somatosensory discriminatory aspects.
Although there are apparently no direct connections with
cortical regions, electrical stimulation of this region
results in widespread cortical effects and thus these nuclei
may be functioning as part of the diffuse reticular
activating system (Bonica, 1990).

Studies of the hypothalamus and limbic structures have
demonstrated a neural basis for aversive drive and affect
and descending modulatory influences which comprise the
motivational dimensions of nociception. Electrical
stimulation in the lateral hypothalamus elicits a reward
response but in posterior medial hypothalamus elicits escape
behavior. Similarly, electrical stimulation of hippocampus,
fornix and amygdala evoke escape (Olds and Olds, 1963). 1In
the lateral central grey region there is a correlation
between current threshold of brain stimulation to block
pain, and self stimulation threshold current perceived as

reward (Dennis et al., 1980).
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Experimental Models of Nociception
Many investigators have defined several criteria by
which we can critically evaluate the various experimental
methods to study nociception and antinociceptive agents

(Beecher, 1957; Lineberry, 1981; Wood, 1984; Raffe, 1992).

1. Test Quantitation. Parameters must be quantifiable and
controlled with precision to minimize experimental

variability.

2. Test validity. Stimulus should be relevant to the
question being asked. Since different classes of
analgesic drugs have very different mechanisms of
action it seems reasonable that the efficacy of these
analgesics may vary depending on the noxious stimulus.
In terms of clinical usefulness one cannot rely on a
single nociceptive test to determine the efficacy of a

drug.

3. Test reliability/repeatability. 1Is the test response
reproducible if measured frequently in a given day or
from day to day? Since noxious stimuli are often
capable of tissue damage, frequent stimulation is
problematic in that tissue damage incurred may alter
the response characteristics of the tissue over time

(increase sensitivity or desensitize).



18
4. Test simplicity. Does the procedure use a standard
defined noxious stimulus and measure a well defined
animal response? Stimuli should as nearly as possible
simulate natural stimuli and involve only those

peripheral systems normally involved in nociception.

5. Test sensitivity. Can different analgesic doses of a
drug be discriminated and can the procedure detect a
partial agonist or weak analgesic response?

Although no single nociceptive model rigorously meets all of

these criteria, a study of the "ideal method" is helpful to

understand the strengths and weaknesses of the individual
models under consideration.

The various models of animal nociception are usually
categorized based on the noxious stimulus used. In terms of
assessing the effects of antinociceptive agents and other
experimental manipulations, most tests regardless of noxious
stimulus measure either nociceptive threshold or nociceptive
tolerance. Nociceptive threshold (NT) determination is the
most commonly used method for studying the efficacy of
antinociceptive drugs (Lineberry, 1981). In animals NT is
usually defined as the minimum stimulus necessary to elicit
a predictable end-point response. Within the context of the
above criteria this method has several advantages and some
disadvantages. NT is easily defined and provides a

convenient measure by which analgesic drugs or other
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manipulations can be compared. Additionally, by using the
minimum stimulus necessary the possibility of inflicting
suffering or causing tissue damage is reduced.

One of the major concerns raised with NT determinations
is that of validity. Depending on the noxious stimulus used
and the end-point observed the NT may reflect only segmental
reflex activity (Raffe, 1992). 1In humans NT is equated with
"first pain" and associated with sharp, short latency
sensations, while more intense stimuli represent the long
latency "second pain" thought to be more relevant to
clinically observed pain and associated with intense
emotional responses (White and Sweet, 1969). A second
inherent problem of NT measurement is found in stimulus
presentation. If threshold is determined by limits, i.e.
gradually increasing the stimulus intensity from zero to the
defined end-point in order to prevent bias, one should also
present the stimuli in descending order and determine the
point where the stimulus is no longer perceived. 1In
nociceptive models this is usually not practical due to the
risk of tissue damage and associated tissue changes leading
to sensitization or desensitization. Thus a constant error
may introduced by only using an ascending series of stimuli
to determine NT (Lineberry, 1981).

Somatic cutaneous stimuli

Cutaneous nociception has been studied using

mechanical, thermal, and electrical stimuli. The
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appropriate choice of stimulus may depend upon the exact
nature of the experimental situation and the responses to be
measured. Mechanical or electrical stimuli are the easiest
to control for rapid onset whereas with chemical or thermal
stimuli a rapid onset is difficult to achieve. Similarly
thermal or mechanical noxious stimulation is difficult to
control in a behaving subject and consideration must be
given to the type of restraint necessary.

A technique using electrical stimulation has been
developed in rodents and is known as the flinch-jump
procedure (Evans, 1961, 1962). In this model, a 1 sec.
constant current shock is applied to the grid floor of the
animal cage while the subject’s behavior is noted. The
current level is changed (increased or decreased) in 0.1 mA
increments after each stimulus presentation following an
ascending or descending order of stimulus intensity
according to the method of limits for threshold
determination. Two distinct thresholds can be determined
using this method. The first response is a flinch or
crouching behavior. At higher levels of stimulation the
subject jumps to avoid the shock. The assumption is that
the flinch threshold may reflect the first perception of
pain in humans, whereas the jump threshold may be analogous
to second pain. A variety of analgesic and non-analgesic
drugs have been tested using this model and only analgesic

drugs increase the jump threshold. None of the drugs tested
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altered the flinch response (Evans, 1964).

Subsequently a modification of the Evans flinch-jump
method has been used to measure hyperalgesia in morphine
dependent rats (Tilson et al., 1973). The modifications to
the original Evans flinch-jump method included a dramatic
reduction in the number of shocks delivered to the subject.
Thresholds were determined by gradually increasing the shock
current from (0 - 0.3 mA) in 0.05 mA increments; above 0.3
mA current was increased in 0.02 increments until a positive
response was elicited. Positive response was defined as a
rapid withdrawal of both front paws from the grid associated
with a vocalization. Each animal served as its own control
and the threshold represented the mean of three pre-drug
determinations. Apparently, humane concerns dictated that
stress induced in the animals should be reduced (fewer
shocks to determine threshold) and this outweighed the
possibility of inducing bias by not following the method of
limits used by Evans to determine flinch-jump thresholds.
Tilson et al. (1973) were able to demonstrate morphine
analgesia, tolerance during chronic morphine, and a
hyperalgesia upon withdrawal of morphine using the modified

Evans flinch-jump protocol.

Visceral stimuli

Visceral nociception is clinically important yet poorly

understood compared to cutaneous nociception. This lack of
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understanding is probably due to the fact that there are
relatively fewer reliable animal models of visceral
nociception. Viscera often appear insensitive to stimuli
which are noxious in somatic tissues, and nociceptive
responses in viscera require selection of the appropriate
stimuli (Lewis, 1942). Painful visceral sensations in man
are more closely related to pressures rather than volumes of
gut distension (Goligher and Hughes, 1951). Mechanical
distension of hollow organs has been shown to be a reliable
and effective noxious visceral stimulus in several species:
Horses(Lowe, 1969, 1970; Pippi and Lumb, 1979) dogs
(Houghton et al., 1991; Sawyer et al., 1991; Sawyer et al.,
away) cats (Sawyer and Rech, 1987; Sawyer et al., 1990;
Durham et al., 1992; Sawyer et al., 1992b) and rats (Rech et

al., 1987; Ness and Gebhart, 1988; Colburn et al., 1989).



STATEMENT OF PURPOSE

This study was undertaken to evaluate two methods; a
modified Evans flinch-jump (somatic nociception) and
colorectal-balloon distension (visceral nociception) for
measuring nociceptive threshold (NT) in rats. These were
used to characterize the selective analgesic properties
(visceral or somatic) of two opioid drugs, butorphanol and
oxymorphone. Additionally to validate these models a
variety of drugs with prominent non-steroidal anti-
inflammatory, or other central nervous system activity were

tested.
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MATERIALS AND METHODS

Subjects

Approval for use of vertebrate species was granted by
the All University Committee for Animal Use and Care. All
subjects in these experiments were Sprague Dawley male rats
weighing between 300-600 grams. They were obtained from
Harlan Sprague Dawley, Inc. (Indianapolis, IN). Rats were
housed in plexiglass cages with wire tops in a room with a
12 hour light/dark cycle and controlled temperature (72 + 2
°F)and humidity (40-70%).
Flinch-jump
Equipment

The equipment consisted of a plexiglass box (6.75" x
8.25" x 14") with a grid floor. Electric current was
delivered to the grid by means of a constant-current
shocker-scrambler (Lafayette Instruments Co. model A-615C).
Stimulus intensity was regulated with a variable resistor.
Training

This procedure required very little training, however
rats were trained two or three times a week on days not
involved in actual experiments. Training consisted of
placing subjects in the grid-floor cage and running a 20-30

minute no-shock dummy session to extinguish tendencies to
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develop conditioned responses to auditory cues and the
surroundings of the experimental paradigm.
toco

Rats were placed in a grid-floor cage and somatic NT
was determined by applying brief 0.5 sec. pulses of constant
current electric shock to the grid. The stimuli were
presented in ascending order with intensity increasing in
0.05 mA increments up to the level of first predictable
response; about 0.35 mA in Sprague-Dawley males which was
the minimum threshold detectable by the observer. At this
point, the observer noted a rapid withdrawal of both
forepaws (by the rat) from the grids or the "flinch"
response. Many subthreshold stimuli were given to avoid
stress and extinguish tendencies of rats to develop a
conditioned response to non-painful parameters of the
procedure (auditory cues).
Data

Data presented from these experiments represented the
somatic flinch-Jump NTs in mA expressed as a percentage of
the maximum possible effect (MPE). The formula for arriving

at the MPE is described in the statistics section (page 37).
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Colorectal-balloon distension
Equipment

Equipment used for these studies included the
following: (1) cloth hand towels (30 x 50 cm), and metal
spring pinch clips (ACCO Inc.) for restraint; (2) colonic
balloon catheter; (3) inflation/deflation system (Figure 1);
(4) custom made strain gauge clip to measure pseudoaffective
behavioral responses; and (5) Grass Model 7D ink writing
oscillograph.

The colonic balloon catheter was specifically developed
for use in colorectal distension studies and manufactured by
Bivona Inc. (Gary, IN). The device is a 20 cm long 6 fr.
catheter with a luer loc® connector and a 25 X 8 mm balloon
incorporated into the tip (Figure 2).

The strain gauge clip (Figure 3) was designed and built
by Thomas Adams, Ph.D. (Michigan State University Department
of Physiology). Two microfoil strain gauges (Omega
Engineering, Inc.) were bonded to spring steel (0.05mm
thick). When the clip arms were moved the spring steel
flexed and induced a stretch or strain in the gauges. The
gauges were connected to the oscillograph such that they
formed a variable resistance arm in the bridge of the
preamplifier. Thus, strain in the clip was transduced as
alterations in resistance. The strain gauge clip was
calibrated by using a vernier caliper to displace the arms

of the clip known distances. These resistance changes were
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then recorded as voltage calibrated pen deflections on the
oscillograph (Figure 4).
Training

Four to six weeks prior to beginning of studies rats
were trained and handled on a five day per week schedule.
Gradually they were restrained in the towels for longer and
longer periods until they became accustomed to the 45 to 60
minute sessions of restraint. Honey Nut Cheerios (General
Mills Inc.) were used as treats for positive reinforcement
of this behavior. After animals were fully trained, colonic
balloons were inserted but not inflated during at least one
of the five weekly training sessions to assure that rats
would become accustomed to the presence of the balloon.
Protocol

After rats were fasted for 24 hours they were brought
to the laboratory, wrapped in a towel and three spring clips
were used to hold the towel in place. The microfoil strain
gauge clip (Figure 3) was fitted around the rat’s abdomen to
measure pseudoaffective behavioral responses to colorectal
distension. A balloon catheter (Figure 2) was then inserted
into the colon by passing it thorough the anal opening. The
inflation system (Figure 1) was used to inflate the balloon
to a pre-determined pressure. Intensity of the distension
stimulus was determined by pumping room air into the
reservoir. System pressure was read from the calibrated

manometer. The balloon was rapidly inflated in less than
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0.5 seconds by opening the stop-cock to the reservoir.
There was no observable pressure drop since the volume of
the 1 liter reservoir is much larger than the 2 to 10 ml
balloon volume. The stimulus was terminated by opening the
stop-cock to the inverted graduated cylinder. Water in this
cylinder was displaced by incoming air allowing the balloon
volume to be measured. When a pressure pulse distended the
colon sufficiently to reach the minimum nociceptive
threshold, the rat responded by increasing tone of abdominal
muscles referred to as a "guarding" response. These
purposeful movements were recorded on the oscillograph.
Data

Data from these experiments represented the visceral NT
balloon pressure in mmHg and were expressed as a percentage
of the maximum possible effect (MPE). The formula for
arriving at the MPE is described in the statistics section
(page 37).

The objective oscillograph recordings of responses to
CBD were converted to digital records using a digitizer
tablet (Neumonics 2200), and SigmaScan™ software (Jandel
Scientific Inc.). A 10 sec. interval of data (5 sec. before
to 5 sec. after the 1 sec. CBD stimulus) were analyzed for
maximum height from baseline and total area under the curve
(Figure 5 and Table 1). Both of these measurements were
made to arrive at the most reliable method for

differentiating between a positive nociceptive response and
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occasional negative non-response gross movements.

Table 1. Comparisons of area under the curve and maximum
change in height; positive responses at nociceptive
threshold and negative non-response gross movements.

—

POSITIVE NEGATIVE
Area mm’ Height mm Area mm’ Height mm
0.86 + 0.42 | 5.4 +* 0.7 0.17 £ 0.10 0.82 * 0.36

Volume data were obtained by collecting air released from
the balloon after deflation in an inverted graduated
cylinder (Figure 1). This served as a means of checking to
insure that the pressure induced by CBD was not distending
the colon beyond a 10 ml volume which was defined as the

cut-off maximum volume to prevent tissue damage.



30

@ Manometer

/- Stopcock Valve

—_
Volume
Displacement
1 liter .
Pressure Bulb Reservoir L
p—

<D I

Colonic Balloon Catheter

Figure 1. Inflation/deflation system used to rapidly
inflate the colorectal balloon and measure the

volume of air upon deflation.
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Figure 2. The colorectal balloon catheter used to

distend the colon in the colorectal balloon
distension procedure. Overall length is 20 cm
and the balloon dimensions are 25 X 8 mm.
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Figure 3. Strain gauge clip used to measure behavioral
responses to colorectal distension.



33

70
60 -
50 |
40
30 -
20 -

L 1 1 1 1 1 1 J

-5 0 5 10 15 20 25 30
Distance (mm)

mV

Figure 4. Strain gauge calibration curve.
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Drugs
The drugs selected for these studies were chosen for
either known analgesic efficacy or other significant central
effects to test the selectivity of the two nociceptive tests
for preferentially selecting for antinociceptive activity.
After FJ or CBD thresholds were determined rats were given
subcutaneous (SQ) injections of a test drug or equal volumes
of saline or vehicle as a controls. At 15, 30, 60, 90 and
120 minute intervals after drug administration, the NTs were
redetermined. These studies were performed in a randomized
and blinded format.
1. Oxymorphone (mu agonist) with approximately 170
times the potency of morphine given SQ in rats
(see Kissel et al., 1961; Steinfels and Cook,
1986). Dosages of 0.1, 0.3, 0.6, and 0.9 mg/kg
were tested in the FJ procedure. These dosages and
additional dose of 0.03 mg/kg were also evaluated

in CBD.

2. Butorphanol a mixed kappa/mu agonist-antagonist
was tested at 0.025, 0.05, 0.1, 0.25, 0.5 and 1.0

mg/kg dosages in both FJ and CBD procedures.

3. Ibuprofen a non-steroidal antiinflammatory
analgesic (NSAID), was suspended at concentrations

of 10, 20 and 40 mg/ml in a 2% methylcellulose and
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Tweens solution. Rats were given 1 ml SQ
injections of the suspension or vehicle (2 %

methylcellulose and Tweens).

4. Ketorolac tromethamine an injectable NSAID
clinical use has shown efficacy near that obtained
with morphine. A 30 mg/kg dosage was tested in

both FJ and CBD models.

5. Diazepam, an anxiolytic/muscle relaxant with no
known analgesic activity was chosen for a
prominent central sedative effects to test the
selectivity of these models. A 1.0 mg/kg dosage

was evaluated in both FJ and CBD procedures.

6. Naloxone, a mu selective pure opioid antagonist,
was given after pre-treatment with either 0.05 mg
oxymorphone/kg or two doses of 0.1 mg
butorphanol/kg in the CBD test. Alterations in
antinociceptive effects were evaluated after 0.01,
0.05, 0.1 and 0.4 mg naloxone/kg or an equal

volume of saline.

8tatistics
A randomized block analysis of variance (ANOVA) and

Tukey'’s test were used to determine significant differences
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(p < 0.05) in nociceptive threshold between drug doses at
each time point. Probit analysis was employed to determine
the ED,, and 95 percent confidence intervals for oxymorphone
in the FJ procedure and CBD.
The nociceptive threshold data for either the FJ or CBD
are represented graphically as percent maximum possible

effect (MPE); (Harris and Pierson, 1964).

PDn-PDC
PDn-MAX

MPE= X100

Where the NT at post drug time = n minutes (PDn) is
converted to a percentage of the maximum possible range from
the baseline pre-drug control nociceptive threshold (PDC) to

the cutoff maximum stimulus limit (MAX).



RESULTS

The time course for changes in FJ threshold after
oxymorphone is shown in Figure 6. At the 30 minute period
only 0.9 mg oxymorphone/kg was significantly different from
saline control. This dosage was also different from 0.1 and
0.3 mg/kg dosages. At 60 minutes, 0.9 and 0.6 mg
oxymorphone/kg were significantly different from all other
dosages and saline. At later time points, 90 and 120
minutes, the flinch-jump NT for 0.9 mg/kg dosage remained
significantly greater than the NT for 0.3 mg/kg. These
dosages were evaluated in the CBD model and the time courses
for elevations of the NT are shown in Figure 7. An
additional dose of 0.03 mg oxymorphone/kg was included
because dosages at 0.3 and above were maximally efficacious
and this additional dose was necessary to complete the dose-
response curve. At the 60 minute time point, the NT for 0.1
mg oxymorphone/kg was also significantly different than 0.03
mg/kg and saline. A comparison of oxymorphone dose-response
curves was made for both FJ and CBD at 60 minutes (Figure
8). The calculated EDy, (95% confidence limits) for
oxymorphone in the FJ procedure was 0.55 (0.23 - 1.34) mg/kg
while the EDy, in the CBD was 0.07 (0.03 - 0.16) mg/kg. The
increase in NT following 0.05 mg oxymorphone/kg was reversed

when rats were treated with 0.1 mg naloxone/kg at 45 minutes
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(Figure 9). However, 0.01 mg naloxone/kg failed to reverse

the effects of oxymorphone.
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Figure 6. Flinch-jump threshold after oxymorphone
administration.

*0.9 mg/kg significantly different (p < 0.05) from 0.3, 0.1
mg/kg or saline control. **0.9 or 0.6 mg/kg significantly
different from all other doses. + 0.9 mg/kg significantly
different from 0.3 mg/kg. MPE = maximum possible effect.
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Figure 7. Colorectal balloon distension threshold after
administration of oxymorphone.

*0.9, 0.6 and 0.3 mg/kg significantly different (p < 0.05)
from all other dosages and saline. **0.1 mg/kg significantly
different from 0.03 mg/kg and saline control. +0.9, 0.6 and
0.3 mg/kg significantly different from 0.03 mg/kg and
saline. MPE = maximum possible effect.
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Figure 8. oxymorphone dose-response comparing flinch-
jump and colorectal balloon distension
nociceptive thresholds 60 minutes post-drug
administration.

MPE = maximum possible effect.
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Figure 9. Colorectal balloon distension threshold after
0.05 mg/kg oxymorphone (O) and naloxone (N)
treatment 45 minutes after oxymorphone.

MPE = maximum possible effect.
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There were no significant increases in flinch-jump NT
following administration of butorphanol (Figure 10). The
CBD nociceptive threshold was increased following
butorphanol. However, this effect had a relatively short
duration. At 30 minutes, only the 0.1 mg/kg dosage
significantly (p < 0.05) increased the NT above that for
saline. Further, only 0.1 and 0.5 mg butorphanol/kg
increased the NT significantly (p < 0.05) above that for
saline at 60 minutes (Figure 11). The dose-response curves
for butorphanol in both the FJ and CBD assays were evaluated
at 30 minutes (Figure 12). Dose-response for butorphanol in
the CBD procedure was typical of agonist/antagonist activity
and demonstrated a ceiling effect at doses greater than 0.1
mg/kg. The CBD time course for NT following butorphanol
(Figure 11) indicated that by 60 minutes, much of the
antinociceptive effect of this drug was gone. Therefore, in
the naloxone reversal studies a second dose of 0.1 mg
butorphanol/kg was administered at 60 minutes to insure that
equivocal results would not be obtained. Naloxone (0.4
mg/kg) significantly reversed the antinociceptive effect
compared to saline (Figure 13). Several other doses of
naloxone were given to determine the minimum dose necessary
to reverse the antinociceptive effect (Figure 14). Naloxone
doses as low as 0.05 mg/kg reduced the antinociceptive
effect of 0.1 mg butorphanol/kg compared to saline in CBD

(Figure 15).
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There were no significant changes in NT after
administration of ibuprofen (Figure 16). Following SQ
ibuprofen approximately 50% of the rats developed
ulcerations at the injection site. As a result, it was
decided that it would be best to discontinue SQ ibuprofen
injections and the drug was not evaluated further. Studies
on non-steroidal anti-inflammatory (NSAID) agents were
continued using Ketorolac tromethamine. There were no
significant NT differences following 30 mg ketorolac/kg in
FJ or CBD procedures compared to saline (Figures 17 & 18).
Diazepam (1.0 mg/kg) was evaluated in both the FJ and CBD.
There were no significant differences after diazepam

administration in NT for FJ or CBD (Figures 19 and 20).
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Figure 10. Flinch-jump thresholds following butorphanol
administration.

MPE = maximum possible effect.
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Figure 11. Colorectal balloon distension thresholds
following butorphanol administration.

*significant difference (p < 0.05) from saline controls.
MPE = maximum possible effect.
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Figure 12. Butorphanol dose-response comparisons between
flinch-jump and colorectal balloon distension
thresholds at 30 minutes post-drug
administration.

MPE = maximum possible effect.
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Figure 13. Colorectal balloon distension threshold after
administration of 0.1 mg butorphanol/kg (B) and
0.4 mg naloxone/kg or equivalent volume saline

(N) .

*saline significantly greater (p< 0.05) CBD threshold than
naloxone (0.4 mg/kg). MPE = maximum possible effect.
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Figure 14. Colorectal balloon distension threshold after
0.1 mg butorphanol/kg (B) and naloxone doses(N).

MPE = maximum possible effect.
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Figure 15. Dose-response of naloxone to reverse the
antinociceptive effect of two doses of
butorphanol (0.1 mg/kg each) at the 90 minute
time point.

*naloxone significantly different (p < 0.05) from saline.
n =1 for naloxone 0.01, 0.05 and 0.1 mg/kg doses. MPE =
maximum possible effect.
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Figure 16. Flinch-jump threshold following ibuprofen.

MPE = maximum possible effect.
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Figure 17. Flinch-jump threshold following ketorolac.

MPE = maximum possible effect.
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Figure 18. Colorectal balloon distension threshold
following ketorolac.

MPE = maximum possible effect.
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Figure 19. Flinch-jump threshold following diazepam.

MPE = maximum possible effect.
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Figure 20. Colorectal balloon distension threshold
following diazepan.

MPE = maximum possible effect.



DISCUSSION

It is well known that mu-opioid agonists are highly
effective analgesics and often represent drugs of choice for
management of moderate to severe pain. Yet, a complete
mechanistic understanding of opioids remains elusive.
However, brain sites related to analgesic effects have been
mapped using intracerebral micro-injection of opioids (Yaksh
and Rudy, 1978). Studies have confirmed that analgesia from
systemic administration of mu opioids can be explained in
part by the effects of these drugs in discrete groups of
brain stem neurons (Gebhart, 1982). There is general
agreement that modulation of nociceptive transmission is
accomplished by a complex network of neurons in several
brain regions, including the medullary periaqueductal grey
(PAG) and rostral ventral medulla (RVM), and in the
superficial dorsal horn of the spinal cord (Basbaum and
Fields, 1984). The analgesic effects of systemic opioids
are likely due to simultaneous effects at both supra-spinal
and spinal sites in this network. This possibility is well
supported by studies in which micro-injections of naloxone
in the PAG, RVM, or spinal cord block analgesia obtained

with systemic mu agonists (Jaquet and Lajtha, 1976; Azami et
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al.,1982; Yaksh and Rudy, 1977). Additionally, ascending
projections from PAG and RVM may influence the
motivational/affective aspects of nociception. These
midbrain regions send fibers to intralaminar thalamic and
hypothalamic nuclei which project on to limbic structures.
Casey (1980a) asserted that narcotic analgesics may act in
the reticular formation to inhibit this rostrally projecting
pathway known to play an important role in the
motivational/affective aspects of nociception. This may
account for observations whereby mu agonists reduce
suffering without altering the ability to discriminate that
stimuli are noxious.

Many of the standard assays for screening analgesic
drugs use thermal or mechanical noxious stimuli applied to
superficial somatic tissues. These procedures are easily
employed in pharmaceutical settings to rapidly screen
numerous compounds for analgesic activity. However, there
is a major concern that these tests do not effectively model
the most common clinical "pains" which are often more
severe, often related to tissue damage, and induce a
significant amount of suffering in human and veterinary
patients. 1In this context how does the modified Evans FJ
and CBD compare to the ideal nociceptive test discussed
earlier, e.g. quantification, validity in terms of
predicting clinical efficacy of analgesics,

reliability/repeatability, simplicity, and sensitivity?
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The FJ method was easy to use, and many determinations
could be done rapidly. Furthermore, this test used a
reliable behavioral response which did not change over time
nor throughout many repeated trials, and induced no apparent
tissue damage. These results demonstrated that the FJ test
selected only the larger doses of oxymorphone as analgesic.
One might postulate that such a result suggests that this mu
agonist is selectively more effective than the other drugs
tested. However, the oxymorphone EDs, (95% CL) 0.55 (0.23 -
1.34) mg/kg observed in the FJ procedure was significantly
greater than antinociceptive doses (0.009 mg/kg) described
in rats by other nociceptive tests (Steinfels and Cook,
1986), or the EDy, (95% CL) 0.07 (0.03 - 0.16)mg/kg observed
in CBD. Cutaneous electrical stimulation likely excites
more than just nociceptive systems and this may explain why
the larger doses of oxymorphone were required to inhibit the
FJ response. These findings for oxymorphone in the FJ
procedure would support the assertion that analgesic doses
of opioids do not disrupt discrimination. Only at the
highest doses when prominent extrapyramidal side-effects
were present, was it noted that the FJ threshold was
increased. Since the dose required to increase the
threshold in the FJ procedure was greater than that shown to
be clinically effective as an analgesic, perhaps this
procedure elicited a discriminatory response rather than a

purely nociceptive response.
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The CBD method shows great promise as a reliable means
of screening for analgesic drug activity. Both classes of
opioids (mu and kappa) increased the nociceptive threshold
in rats. This test was quantifiable, CBD thresholds could
be precisely measured repeatedly within the same day and
from day to day. Pseudoaffective behavioral responses were
also reliably measured and quantified. Previous experience
has shown that careful control of the stimulus is necessary
to prevent tissue damage to colon mucosa. The evidence
reported here suggests that this method is selective and
sensitive to the effects of opioid analgesics. Doses as low
as 0.03 mg oxymorphone/kg demonstrate antinociceptive
efficacy and the agonist/antagonist butorphanol was also
effective to a lesser degree than was oxymorphone. These
results support the CBD model as a valid method of screening
drugs with antinociceptive potential.

The multiple actions of butorphanol at different
receptors makes this a difficult drug to evaluate. The goal
of this study was not to determine the mechanistic action of
butorphanol, but rather to validate the CBD model by
determining that doses similar to those used to manage pain
would be selected by the CBD test. 1In this model,
butorphanol had characteristics which resemble other
agonist-antagonist analgesics. It exhibited a typical
ceiling dose-response pattern due to antagonism of

antinociceptive effects at higher doses. Even with
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carefully selected doses, butorphanol was only a partial
agonist; at doses above EDs, (0.1 mg butorphanol/kg) had no
greater antinociceptive effect.

Besse et al., (1991) used radioligand binding studies
to determine the relative densities of opioid receptors in
the rat spinal cord. These data showed that of all opioid
receptors 7 to 10% bind a kappa specific ligand, compared to
70 to 74% which bind a mu specific ligand. This
characteristic of receptor distribution was cited as an
explanation for differences in efficacy between kappa and mu
opioid agonists. The low number of kappa opioid receptors
in rat spinal cord may explain why the antinociceptive
effects of butorphanol were highly variable. If effective
antinociception requires selective kappa opioid binding,
then drugs such as butorphanol must be carefully titrated to
avoid side effects associated with mu or sigma opioid
receptor binding. One side effect observed in these studies
was increased struggling and agitation in the towel wrap
restraint, even though CBD thresholds were elevated.

One unexpected result was observed in the naloxone
reverseal of butorphanol antinociceptive effects. Due to mu
receptor selectivity, it has been shown that naloxone
reversal of kappa opioid related antinociception requires
approximately four times the dose of naloxone (Millan et
al., 1988). The studies reported herein, showed that both

oxymorphone and butorphanol antinociception could be
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reversed with naloxone at doses as low as 0.1 mg/kg (see
Figures 8 and 15). Thus, it cannot be inferred that
butorphanol antinociception in the rat is exclusively
dependent on kappa opioid receptor binding. Mu receptor
binding may be involved in the antinociceptive effects
observed for butorphanol. However, these data are somewhat
preliminary; A full pA2 analysis was beyond the scope of
this study. Additionally, a satisfactory answer to the
question of exclusive kappa opioid involvement in rat
antinociception would require the use of more selective
kappa opioid receptor agonists and antagonists.

Neither the non-steroidal anti-inflammatory analgesic
drugs (NSAIDs) nor the non-analgesic drugs tested were
effective in increasing the CBD nociceptive threshold or FJ
threshold. CBD has been shown to stimulate primary
nociceptive afferent fibers and thus probably does not
acutely involve prostaglandin synthesis. This does not rule
out the possibility that SQ administration of NSAIDs may not
achieve sufficient blood levels to reach the antinociceptive

therapeutic range.
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Summary

Evidence presented here suggests that the modified FJ
procedure does not represent a purely nociceptive model.
Cutaneous electrical stimulation is not a natural
nociceptive stimulus and probably excites more than just
nociceptive systems. It was apparent in these studies that
the modified FJ procedure may preferentially stimulate
tactile discriminatory pathways. Only the highest
oxymorphone doses altered the FJ threshold. Conversely, the
CBD procedure may preferentially stimulate nociceptive
specific pathways. Dosages of oxymorphone and butorphanol
with known clinical efficacy were able to increase CBD
thresholds in a dose-dependent fashion, which could be
reversed by naloxone. Additionally, the CBD demonstrated
opioid selectivity since neither NSAIDs nor diazepam were
selected by this method as antinociceptive. Taken together,
these studies call into question the validity of the
modified FJ procedure, while supporting CBD as a valid model

for screening drugs with antinociceptive potential.
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