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Abstract

Given our limited ability to predict analgesic efficacy, further research is needed to understand
factors influencing analgesic response patterns. The aim of this study was to better understand the
relationship between morphine and butorphanol analgesic efficacy tested against multiple pain
modalities within the same individuals. Participants included healthy men (n=72) and women
(n=67) who underwent thermal, pressure, and ischemic experimental pain testing prior to and
following the double-blind administration of morphine and butorphanol during separate testing
sessions. Factor analysis revealed six factors with analgesic effects grouped primarily by pain
modality and specific to either morphine or butorphanol. Hierarchical cluster analysis of
individual factor scores led to four distinct drug response profiles. Three groups displayed
exceptional analgesic efficacy produced by one type of opioid on one pain stimulus modality,
while the fourth drug response profile was characterized by average analgesic efficacy across all
pain modalities for both opioids. These findings suggest that opioids with varying efficacy at the
mu and kappa receptors produce independent effects on unique pain mechanisms and that
individual responsiveness for some is dependent on pain mechanism and opioid type, although a
subset of the population is moderately responsive to opioids regardless of efficacy of receptor
binding or predominant pain mechanism being activated.
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Introduction

Although opioids are the most widely used medication for the management of moderate to
severe pain, ability to predict which opioid is best suited to treat a particular individual or
pain condition remains limited. Research investigating person-related factors has not been
entirely consistent3? but has revealed that genderl®, psychological attributes?!, agel! and
genetic profile?8 likely play a role in opioid response. Previous studies have also shown that
analgesic efficacy is influenced by an individual’s sensitivity to pain stimulation, opioid
sensitivity of a particular pain mechanism, and opioid efficacy at particular receptor
subtypes. In reality, it is likely that opioid efficacy is dependent on a complex interaction
among all of these factors.

Considerable preclinical and clinical evidence demonstrates that opioid efficacy varies
across experimental pain modality.26:29:32,48 Gijyen that different experimental pain stimuli
activate distinct neural substrates?, these findings may indicate that opioids display varying
efficacy depending on the mechanism of pain being targeted. Preclinical studies have
revealed different levels of analgesic efficacy depending on the nociceptive assay being
studied, indicating a modality-specific drug response. This finding has been demonstrated in
opioid32 and non-opioid analgesics.# Clinical studies have documented similar findings in
that not all pain relieving medications are equally effective in all experimental pain models.
Again, this is independent of type of analgesia?%:3% or route of administration.26

While the dependence of analgesic efficacy on pain modality has been clearly demonstrated
in preclinical research?, less is known about how different analgesics compare to one
another in response to different experimental pain stimuli among humans. Neural circuits
associated with distinct physiological responses are differentially populated by opioid
receptor subtypes.1® Drug affinity for particular molecular binding sites in combination with
stimulation of a particular circuit could play a role in determining analgesic efficacy.
However, recent preclinical research reported a high correlation among mouse strains on
analgesic sensitivity to five centrally acting drugs®*, indicating a common analgesic
response pattern to varying drugs. This high correlation among analgesic sensitivity was
consistent across two distinct nociceptive assays. The authors propose the possibility of a
“master set” of antinociception genes such that individuals might have a common analgesic
response across disparate analgesics. Translation of this proposal to the human population
could indicate the existence of subgroups characterized by high, low or average analgesic
response profiles independent of drug tested. Determination of whether such analgesic
patterns varied by experimental pain modality would be of importance in understanding
analgesic response profiles to different types of pain.

The goal of the current investigation was to better understand opioid response patterns to
multiple experimental pain modalities and the influence that opioid type and individual
characteristics had on these responses. This was accomplished by assessing the analgesic
effects of morphine and butorphanol in response to thermal, pressure and ischemic pain
tasks in healthy adults. This investigation was embedded in a larger project studying sex
differences in opioid analgesia. Previous work?1:22 has suggested that kappa agonist-
antagonists produce significantly less analgesic efficacy in men as compared to women. For
the parent project, morphine and butorphanol were used to determine if sex differences in
opioid analgesia might be affected by opioid subtype. Both opioids exhibit binding at the mu
and kappa opioid receptors with varying efficacy.14 Morphine displays high efficacy at the
mu receptor and low efficacy at the kappa receptor®® while butorphanol exhibits weak
efficacy at both.52 For the current project we used factor and cluster analysis to better
understand opioid response patterns and determine the effect of pain mechanism, individual
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factors and type of opioid on analgesic efficacy using factor and cluster analysis. This work
was presented at the 2010 American Pain Society Annual Scientific Meeting. 24

Seventy two males and 67 females were recruited through IRB approved posted
advertisements. The sample contained only healthy non-smoking individuals between the
ages of 18 and 45 without clinical pain, psychiatric disturbance, substance use disorder or
use of centrally acting medications assessed by self-report health history. Twenty nine
percent of women were taking oral contraceptives. Women were scheduled between days
four and 20 after the onset of menses to avoid testing perimenstrually, as this time has been
associated with heightened pain sensitivity.1 Prior to participation in each experimental
session, it was confirmed that subjects had refrained from taking over-the-counter
medications within the past 24 hours, caffeine in the past two hours, and reported no
significant health changes. Participants were paid $25 an hour for their involvement in the
study.

General Experimental Procedures

The study was conducted at the General Clinical Research Center at the University of
Florida. Subjects participated in four sessions; the first was an introduction to the study
protocol and the following three involved the administration of morphine, butorphanol and
saline in a double blind, randomized order. All subjects provided verbal and written
informed consent and completed a number of psychological and health related
questionnaires prior to participation in the research protocol. Following the introductory
session, the three remaining experimental sessions were identical in format with the
exception of drug (saline, morphine or butorphanol) administration.

Experimental procedures used in this study followed the general protocol implemented
successfully in our previous studies.18:19 Specifically, two experimenters and a registered
nurse conducted the experimental sessions with one experimenter responsible for the
sensory testing component by the bedside and the other experimenter operating the
equipment and recording the data. The gender of the bedside experimenter remained
consistent for each of the experimental sessions. The clinical nurse was responsible for
monitoring vital signs, administering the placebo/analgesic drug and completing blood
draws. Subjects maintained a semi-recumbent position in a hospital bed during all study
procedures. An intravenous (IV) cannula was inserted at the beginning of each experimental
session followed by a ten minute rest period. Six minutes into the rest period, vital signs
were taken including blood pressure, heart rate, respiratory rate, mean arterial pressure,
carbon dioxide level, and oxygen (O,) saturation. Ten minutes following IV placement, the
pre-drug sensory testing protocol was completed, including thermal pain, pressure pain, and
ischemic pain measures (described below). The order of thermal and pressure pain was
randomly determined for each subject and maintained for all sessions. The ischemic pain
procedure was always completed last to reduce carry over effects. Following pre-drug
sensory testing, a 15-minute rest period was observed followed by the double blind 1V
administration of 0.08mg/kg of morphine, 0.016mg/kg butorphanol, or saline in randomized
order given over five minutes. These doses approximate a low to moderate clinical dose with
estimated equianalgesia.?! Fifteen minutes following drug administration post-drug sensory
testing was repeated in a manner identical to the pre-drug testing. Following the conclusion
of the sensory testing procedures, subjects completed questionnaires assessing somatic,
cognitive, and affective side effects. A timeline of the experimental session is presented in
Figure 1. All clinically significant adverse effects (either reported by subjects or observed by
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the experimenters) were documented, reported to the Institutional Review Board, and
included in the data analyses. The protocol and all procedures were approved by the
University of Florida’s Institutional Review Board.

Pain Testing Procedures

Similar to our previous studies'8:19, experimental pain procedures were conducted once
during the introductory session to reduce novelty effects. Digitally recorded instructions
were provided to the subjects during this session for each experimental pain procedure.
During the three experimental sessions, these same procedures were conducted prior to and
following drug administration with verbal instructions reiterated before beginning each
procedure.

Pressure Pain Threshold

Pressure pain threshold (PPT) was assessed with a handheld algometer (Pain Diagnostics
and Therapeutics, Great Neck, NY). Mechanical pressure was applied with a 1-cm? probe
and increased at a rate of 1kg per second, which helps reduce artifact related to reaction
time. Subjects were instructed to report (verbally or by raising their hand) their first feeling
of pain as a result of the pressure. Three sites were used to assess PPTs on the right side of
the body: the center of the upper trapezius (posterior to the clavicle), the upper masseter
(approximately midway between the ear opening and the corner of the mouth) and the ulha
(dorsal forearm, approximately 8 cm distal to the elbow). The site order was randomly
counterbalanced and a minimum of three trials (with readings within 1 kg) were recorded at
each position. The average of the three assessments for each site was calculated and used in
subsequent analysis.

Thermal Pain Procedures

Heat pain threshold and tolerance—The first thermal procedure involved assessment
of heat pain threshold and tolerance. Contact heat stimuli were delivered using a computer-
controlled Medoc Thermal Sensory Analyzer (Pathway Pain &amp; Sensory evaluation
System, Ramat Yishai, Israel), which includes a Peltier-element-based stimulator.
Temperature levels were monitored by a contactor-contained thermistor, and returned to a
preset baseline of 32°C by active cooling at a rate of 10°C/s. The 3 cm x 3 cm contact probe
was applied to the right ventral forearm. In separate series of trials, heat pain threshold
(HPTh) and heat pain tolerance (HPTo) were assessed using an ascending method of limits.
From a baseline of 32°C, probe temperature increased at a rate of 0.5°C/s until the subject
responded by pressing a button to indicate when they first felt warmth (WTh), pain (HPTh),
and when no longer able to tolerate the pain (HPTo). This slow rise-time was selected as a
test of pain evoked mainly by stimulation of C-nociceptive afferents, as has been previously
demonstrated.56' 57 Four trials of HPTh and HPTo were presented to each subject. The
position of the thermode was altered slightly between trials (though it remained on the
ventral forearm) in order to avoid either sensitization or response suppression of cutaneous
heat nociceptors. For each measure, the average of all four trials was computed for use in
subsequent analyses.

Temporal summation of thermal pain—The second thermal procedure involved
administration of brief, repetitive, suprathreshold heat pulses to assess temporal summation
of heat pain.3? Three series of ten repetitive pulses were applied to the right dorsal forearm
using the Contact Heat Evoked Potential Stimulator (CHEPS), which combines heat-foil
technology with a Peltier element, thereby achieving heating and cooling rates of at least
40°C /sec. One series of ten stimuli was applied at each of three different target temperatures
(46°C, 48°C and 50°C). For each series, the baseline temperature was 35°C, the target

J Pain. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kindler et al.

Page 5

temperature was delivered for 700 msec, and the inter-stimulus interval (at the baseline
temperature) was 2.5 seconds. Subjects rated the peak pain for each of the ten heat pulses
using a numerical measure (0 represented no sensation and 100 represented the most intense
pain imaginable). The average rating across all 10 trials for each temperature was used in
subsequent analyses.

Modified Submaximal Tourniquet Procedure

Following completion of the pressure and thermal pain procedures, a rest period of 5-
minutes was implemented prior to beginning the tourniquet procedure.30:35 Blood flow to
the right arm was decreased by elevating it above heart level for 30 seconds, after which the
arm was occluded with a standard blood pressure cuff positioned proximal to the elbow and
inflated to 240 mm Hg using a Hokanson E20 Rapid Cuff Inflator (D.E. Hokanson,
Bellevue, WA, USA). Subjects then performed 20 hand grip exercises of two second
duration at four second intervals at 50% of their maximum grip strength. Subjects were
instructed to report when they first felt pain (ischemic pain threshold) then to continue until
the pain became intolerable (ischemic pain tolerance), at which point the procedure was
stopped. The ischemic pain threshold and tolerance time points were recorded. Thirty three
subjects reached the uninformed time limit of 15 minutes during pre-drug testing, which
creates a ceiling effect for computing analgesic response. For this reason, ischemic pain
tolerance was not included in subsequent analyses. Every 30 seconds during the procedure,
subjects were prompted to alternately rate either the intensity or unpleasantness of their pain
using joint numerical (0-20) and verbal descriptor box scales.49 These scales, with their
verbal descriptors, were designed to help participants conceptualize the difference between
ratings of pain intensity and unpleasantness and have been previously validated to
distinguish between these two pain dimensions. 5 Two total pain scores were created by
summing these ratings: ischemic pain intensity and ischemic pain unpleasantness.
Additionally, cardiovascular measures (systolic, diastolic, and mean arterial blood pressure,
and heart rate) were recorded every 60 seconds.

Opioid side effects

To assess side effects in response to morphine and butorphanol, subjects completed the
Somatic Side Effects Questionnaire (SSE) and Cognitive and Affective Side Effects
Questionnaire (CASE) 60 to 70 minutes following the administration of each opioid. The
SSE is a standardized instrument with 28 questions that assess a range of somatic side
effects commonly produced by opioids. Symptoms such as sleepiness, feeling flushed,
tingling/numbness, balance and nausea/vomiting are rated on a 5-point force choice scale
where 1 = Not at all; 2 = A little bit; 3 = Somewhat; 4 = Quite a bit; 5 = Extremely.® For
purposes of analysis, the 28 symptoms were collapsed into seven symptom dimensions as
determined by previous confirmatory factor analysis.43 These side effect dimensions
included sedation, thermoregulatory symptoms, tingling, dry mouth, dizziness, nausea and
motor symptoms. The CASE consists of 44 items that assess a range of common cognitive
and affective side effects associated with the use of opioid medications. Items are rated on a
5 point scale with the following response choices: 1 = Not at all; 2 = A little bit; 3 =
Somewhat; 4 = Quite a bit; 5 = Extremely.43 For analysis purposes, the 44 side effects were
collapsed into six symptom dimensions as determined by previous confirmatory factor
analysis.43 These side effect dimensions included mental dulling, relaxation, psychological
symptoms, feeling in control, confusion and euphoria.

Psychological measures

Participants completed several psychological measures to evaluate associations between
psychological constructs, pain and analgesia response.
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Kohn Reactivity Scale (KRS)—This measure consists of 24 items that assess an
individual’s level of reactivity or central nervous system arousability.?> Subjects are asked
to indicate the extent to which they agree with particular statements (e.g., I could never bath
or shower in ice cold water or 1’ve often had motion sickness) on a five point scale
(1=disagree strongly; 5=agree strongly). This measure has been shown to correlate
negatively with pain tolerance® and has been used to measure the construct of
hypervigilance.29 The KRS has demonstrated adequate reliability and validity.25

Pennebaker Inventory of Limbic Languidness (PILL)—The PILL is a checklist that
assesses the frequency of 54 common physical symptoms and sensations and has been
related to the construct of somatization or the tendency to endorse physical symptoms.38
Participants are asked to indicate how often they experience each symptom on a five point
scale (1 = have never or almost never experienced this symptom; 5 = experience this
symptom more than once every week). The PILL has demonstrated high internal consistency
and adequate test retest reliability.

Pain Catastrophizing Scale (PCS)—The PCS® was used to measure pain
catastrophizing in the study subjects. This tool is a 13 item scale that assesses catastrophic
cognitive (I keep thinking about how much it hurts) and affective (I worry all the time about
when the pain will end) responses to pain. The participant is asked to recall the extent in
which they have had specific catastrophic thoughts and feelings in response to a past
occurrence of pain. Ratings (1=not at all; 4=always) are summed for a score range of 0 to 52
with higher scores indicating greater frequency of cognitions related to helplessness,
magnification, and/or rumination. A recent study established the psychometric soundness of
the PCS for use in both men and women.”

Positive and Negative Affect Scale (PANAS)—This 20 item scale assesses the
frequency with which participants generally experience ten positive (e.g., excited, inspired)
and ten negative (e.g., nervous, irritable) feelings.>3 Each item is rated on a 5-point scale (1
= very slightly or not at all; 5 = extremely). The PANAS yields two scores, one for positive
affect and one for negative affect. This measure has demonstrated adequate reliability and
validity, assessing mood states which appear to be relatively stable over time.53

Data analysis

To determine drug effects for each experimental pain measure, a change score was
calculated by determining the difference between the pre-drug and post-drug scores on each
pain task. Therefore each subject had a morphine change score and a butorphanol change
score for each experimental pain task, yielding 22 variables.

Nine exploratory factor analyses were performed to determine the underlying factor
structure of morphine and butorphanol’s effects on the different experimental pain
modalities. We used Principal Components Analysis and two Common Factor Analysis
(Maximum Likelihood, Principal Axis Factoring) methods for factor extraction. Since the
goal of this project was to evaluate the associations among the 22 variables versus strict data
reduction15, we chose to use two common factor analysis methods. Both Maximum
Likelihood and Principal Axis Factoring were used to determine the best fit given our
distribution of variables. Although some have argued that Principal Components Analysis is
not a true factor analysis method15, we chose to use it for comparison given its common
usage in this type of research. We paired each of the three factor extraction methods with
two oblique (Oblimin and Promax) and one orthogonal (Varimax) factor rotational
techniques for a total of nine analyses. Both oblique and orthogonal rotations were used to
compare solutions achieved with and without correlation among factors. Results of the nine
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exploratory factor analyses were compared to determine agreement in one factor structure
and primary factor loadings for individual items. The Scree test was used to determine the
appropriate number of factors to retain. Criteria used to establish a unifying factor structure
included: 1) individual items loaded above .30, 2) lack of crossloading above .40 and 3)
items loaded on the same factor in the majority of analyses.

Factor scores were determined such that each subject had a standardized (z) score for each
factor. Factor scores reflected the average change in pain sensitivity produced by either
morphine or butorphanol on each pain task in that factor. Standardizing the factor scores set
the mean analgesic response for each factor to zero and allowed for comparison of
individual and group responses to the average for the entire sample. Therefore the value of
the standardized factor score indicated the number of standard deviations away from the
overall sample mean. A positive factor score indicated enhanced analgesia compared to the
mean during the experimental pain modality while a negative factor score reflected a lower
analgesic effect as compared to the mean level of analgesia experienced by the group as a
whole. Hierarchical cluster analysis of these factor scores was used to identify groups with
specific patterns of analgesic response to multiple experimental pain modalities. Subgroups
characterized by particular drug response profiles were formed using Ward’s method with
squared Euclidean distances as these methods minimize within cluster variance, create
smaller, more distinct cluster solutions and are sensitive to inter-subject profile shape.1®
Agglomeration coefficients were inspected and the percentage change between successive
cluster profiles was calculated. The point at which the percentage change was largest
between clusters was used as a stopping rule to reveal our final number of clusters.

Finally, to assess differences between cluster groups we used ANOVA for continuous
variables and 2 for categorical variables. To determine group differences for significant
ANOVA findings, a Tukey post hoc analysis was used when population variances among
the groups were equal on the dependent variable. Dunnett’s C post-hoc analysis was used
when variances were unequal. These analyses were conducted to determine group
differences in baseline pain sensitivity and opioid related side effects. Scores on baseline
pain sensitivity were calculated by averaging pre-drug scores on each pain modality across
the three experimental sessions. Finally, the groups were compared on psychological
variables including the Kohn Reactivity Scale, Pennebaker Inventory of Limbic
Languidness, Positive and Negative Affect Scale and Pain Catastrophizing Scale.

Out of the 139 subjects participating in this study, 18 subjects were not included in analyses
reported below. Eight subjects received only morphine or butorphanol, not both, and ten had
missing data on one or more pain modality. Therefore 121 subjects were included in the
analyses. The sample included 56 women and 65 men with an average age of 23 years
(SD=4.5 years). The ethnic distribution of the sample consisted of 7% (n=9) African
American, 2% (n=3) Asian, 12% (n=15) Hispanic, 77% (n=93) white and less than 1%
(n=1) reported being of another race.

Factor Structure for Opioid Effect on Experimental Pain

Based on interpretation of the scree test, all nine factor analyses revealed a six factor model.
Factor extraction with Maximum Likelihood and Principal Axis Factoring led to a structure
with all items loading on one of the six factors and no crossloadings above .40. These six
factors included: 1) butorphanol ischemic pain (consisting of butorphanol ischemic
threshold, intensity and tolerance); 2) morphine ischemic pain (consisting of morphine
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ischemic threshold, intensity and tolerance); 3) butorphanol temporal summation (consisting
of butorphanol temporal summation at 46, 48 and 50°C); 4) morphine thermal pain
(consisting of morphine thermal threshold, tolerance and temporal summation at 46, 48 and
50°C); 5) morphine pressure pain (consisting of morphine pressure pain threshold at the
ulna, trapezius and masseter); 6) butorphanol thermal/pressure pain (including butorphanol
thermal tolerance, threshold and PPT at the ulna, trapezius and masseter). Extraction with
Principal Components Analysis led to cross loadings of morphine heat threshold and
tolerance onto factors 4 (morphine thermal) and 6 (butorphanol thermal/pressure pain).
Since the Principal Components Analyses did not fit with the goal of this project
(associations among variables) and led to crossloadings, we decided to utilize the factor
structure and loadings achieved with Maximum Likelihood and Principal Axis Factoring.
Eigen values ranged from 3.63 to 1.196 while this factor structure explained 59.84% of the
variance. The Maximum Likelihood Goodness of Fit estimation (x2 = 172.41, p <.001)
indicated that the predicted values from the model differed from the observed values. It has
been suggested that the x2 goodness of fit index should be interpreted with caution.1® This
finding could be influenced by the number of variables tested (22 variables) since a
significant finding can occur even with good fit when using a large number of variables.
Table 1 displays the factor matrix using Maximum Likelihood with a VVarimax rotation
which came closest to a simple structure.

Cluster analysis of subjects on factor scores

Clustering subjects using their factor scores on the six factors identified using Maximum
Likelihood revealed four distinct clusters, or drug response profiles. Cluster one
(butorphanol ischemic responders) consisted of twelve subjects who displayed above
average analgesic efficacy from butorphanol on ischemic pain testing. This group of subjects
exhibited slightly increased analgesia on the butorphanol thermal /pressure pain factor,
average analgesia on butorphanol temporal summation and morphine ischemic and pressure
pain but decreased analgesia on the morphine thermal factor. Cluster two (average opioid
responders) contained 69 subjects who showed average analgesic effects from both
butorphanol and morphine on all pain modalities. Cluster three (butorphanol temporal
summation responders) consisted of 33 subjects who had above average analgesic efficacy
for butorphanol on temporal summation and decreased analgesic efficacy for morphine on
pressure pain. This group exhibited average analgesia on all other factors. Cluster four
(morphine ischemic responders) contained seven subjects who demonstrated greater than
average morphine analgesia during the ischemic pain task. This cluster of individuals
displayed average levels of analgesia on all other modalities. Figure 2 profiles each cluster
across the six factors based on the group’s standardized factor scores. These standardized
scores represent the number of standard deviations that the cluster’s analgesic response
differed from the overall sample mean. Therefore a score of zero is equivalent to the sample
mean whereas a score of +1.0 represents one standard deviation above the sample mean, and
—1.0 is one standard deviation below the sample mean. Table 2 displays the raw scores for
each cluster on response to morphine and butorphanol. Average change scores (the
difference between the pre-drug and post-drug scores) for each cluster are documented
across pain tasks.

Cluster differences on demographics, baseline pain sensitivity, opioid side effects and
psychological measures

Analysis with ANOVA and x2 revealed that the clusters did not differ on sex, age, race,
baseline pain responses or psychological measures (Tables 3 and 4). The clusters
experienced significantly different levels of sedation from butorphanol (F (3, 105)=3.047, p=.
032), such that the butorphanol ischemic responders experienced significantly less sedation
than the average opioid responders. The groups also differed on the amount of dry mouth
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experienced in response to butorphanol (F(3, 105)=2.786, p=.044) with the butorphanol
ischemic responders again reporting significantly less dry mouth as compared to the average
opioid responders. The groups also differed in tingling side effects in response to morphine
(F(3, 106)=5.903, p=.001). The butorphanol ischemic responders experienced significantly
more tingling as compared to all other groups. These results are presented in Table 4.

Discussion

The aim of this study was to better understand the relationship between morphine and
butorphanol analgesic efficacy tested against multiple pain modalities within the same
individuals. We discovered that analgesic effects grouped primarily by pain modality and
were specific to either morphine or butorphanol. Categorizing participants based on their
response to these six opioid and modality specific factors led to the identification of four
subgroups. Each group had unique analgesic response profiles; three of which were
distinguished by substantial analgesic efficacy in response to one opioid on a specific pain
modality. Group characteristics across drug response profiles were similar in regards to
demographic factors, baseline pain sensitivity and psychological profile with some variation
in side effect profiles. These findings indicate that analgesic efficacy in a given individual
could be opioid and pain mechanism specific.

That analgesic response patterns fell into distinct groupings according to opioid and pain
modality could indicate that specific pain mechanisms respond differently to opioids. The
pain modalities used in this study were chosen to capture a broad range of pain
characteristics and have been proposed to activate different pan mechanisms.148 Previous
studies have demonstrated that analgesic responses to opioids vary across pain induction
methods. In previous studies morphine has demonstrated efficacy in pressure and electrical
pain?’ as well as ischemic painl®, produced mixed results in heat pain?®: 51, and
demonstrated a lack of efficacy in visceral pain.#’ Findings from the current study support
the notion that opioids produce varying analgesic effects depending on the pain mechanism
stimulated.

This study also demonstrated that morphine and butorphanol, opioids with differing
efficacies at the mu and kappa opioid receptors, produce independent effects on different
pain mechanisms. Had the analgesic effects of morphine and butorphanol on ischemic pain
been mediated by similar underlying mechanisms, one ischemic analgesic factor would have
emerged regardless of opioid. Instead morphine and butorphanol led to distinct ischemic
factors, indicating that different mechanisms underlie responses to these two opioids on this
modality. This finding is similar to preclinical work demonstrating that mu and kappa
opioids do not produce equal analgesic effects on different pain models in rats.8:20 While
the antinociceptive effects of morphine and butorphanol predominately differ in their
efficacy at the mu opioid receptor, butorphanol’s full agonist effect at the kappa receptor
(albeit with low efficacy) does lead to some pharmacological differences between these two
opioids.6 Neural circuits involved in different aspects of pain processing are differentially
populated by mu and kappa opioid receptors.3:16 Given that each pain induction method
stimulates unique pain mechanisms and neural circuits, opioids with differing activity at the
mu and kappa receptors would have differential effects on the various pain modalities. The
fact that each opioid did not produce consistent results on certain pain modalities (ie.
butorphanol was not consistently most effective for ischemic pain or morphine for thermal
pain) indicates that individual differences in opioid metabolism and efficacy at the mu and
kappa receptors interact with characteristics inherent to each neural circuit to modulate
opioid efficacy.
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Grouping participants on the opioid and pain modality specific factors revealed four distinct
drug response profiles. Three of the profiles stood out due to their exceptional analgesic
efficacy produced by one type of opioid on one pain stimulus modality. That the
“butorphanol ischemic responders”, for instance, did not consistently respond with such
intensity to all butorphanol measures or, conversely, to the morphine ischemic factor,
indicates that opioid efficacy might reflect a unique combination of individual variability to
both opioid receptor and pain mechanism. With the exception of the “average opioid
responders”, none of the other drug response profiles exhibited consistent efficacy to one
opioid across pain modalities or to one type of pain stimuli across opioids. This finding
contradicts the notion that one type of opioid is consistently best for one type of pain across
populations or that a person will respond equally well to one opioid for all types of pain.
However, the largest profile group, the “average opioid responders”, consisted of individuals
who received average analgesic efficacy across all pain modalities for both morphine and
butorphanol. This could indicate that a portion of the population is moderately responsive to
opioids, regardless of binding affinity to a particular opioid receptor or the predominant pain
mechanism being activated.

The four groups characterized by different drug response profiles did not differ on
demographic factors (sex, age, or race), psychological profile, or baseline pain sensitivity.
That the clusters identified in the current study did not differ according to baseline
sensitivity could indicate that opioid responsiveness is relatively unrelated to a person’s
inherent level of pain sensitivity. Preclinical findings have demonstrated an inverse
association between basal nociceptive sensitivity and analgesic efficacy?:13:33; therefore,
one might have hypothesized greater baseline pain responses would be associated with
reduced opioid analgesia in this population. However, our findings indicate a relative lack of
correlation between pain sensitivity and opioid efficacy to particular painful stimuli in
healthy individuals.

The only area in which the group profiles differed was in terms of opioid induced side
effects. The “butorphanol ischemic responders” demonstrated increased tingling to
morphine as compared to all other clusters and decreased sedation and dry mouth in
response to butorphanol as compared to the “average opioid responders”. These findings
indicate that individuals who received high levels of analgesia from butorphanol had a better
side effect profile to this drug as compared to morphine. While these minor differences
cannot lead to broad generalizations, these findings could provide an indication that some
individuals are characterized by a broader therapeutic window for certain opioids compared
to others.

The lack of group differences in demographic, pain sensitivity or psychological factors
indicates that analgesic response patterns are likely driven by variables not analyzed in this
study. Recent research indicates that individual pain variability is, in part, genetically
controlled 37 and emerging research demonstrates that the same is likely true for analgesic
efficacy.28 An individual’s genetic profile can affect genes coding for a drug’s molecular
binding site, genes that regulate drug transport and metabolism, or genes that control
enzymes responsible for the drug’s pharmacokinetic properties.27 Several genetic
polymorphisms have demonstrated associations with analgesic efficacy, including variants
of the mu opioid receptor gene (OPRM1) and catechol-O-methyltransferase (COMT)42,
melanocortin 1 receptor (MC1R)34, and the cytochrome P450 isoenzyme 2D6 (CYP2D6)46
among others. It is likely that such genetic factors, not assessed in this investigation, explain
at least part of the variability seen among the four drug response profiles.

While the current study sought to provide a foundation for understanding patterns of opioid
efficacy in varying types of pain, clinical validity cannot be established without producing
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these results in a clinical population. The current study was carried out in healthy, young
adults using experimentally induced pain. This overcomes many of the complexities
inherent in clinical pain that likely affects analgesic efficacy, including but not limited to
neuroplastic changes effecting both opioid receptor modulation and pain related neural
circuits. There is currently a lack of evidence indicating whether analgesic response patterns
assessed against experimental pain are predictive of analgesic response to clinical pain. This
study utilized a variety of pain modalities thought to approximate different aspects of
clinical pain.112:44 Our findings suggest that not all pain models are equally responsive to
opioids of differing receptor affinity, perhaps indicating that not all clinical pain syndromes
will be equally responsive. While we cannot be sure that analgesic response in these
experimental pain models directly translates to opioid efficacy in clinical pain, our findings
suggest that opioid response patterns are more complex than originally thought and that
there exists substantial individual variability in determining which opioid might work best
for differing pain mechanisms. Our findings, particularly those comparing drug response
profiles, were limited by small subject numbers in two of the subgroups. Despite the fact
that our sample was substantially larger than has been previously reported in studies of this
nature, inadequate power could have led to a lack of group differences when comparing the
drug response profile groups. Finally, using only one dose of each opioid limited our ability
to investigate how a dose response relationship might have affected drug response profiles.
While testing multiple doses would have expanded our understanding of opioid response
patterns, this would have limited our sample size given the need to add experimental testing
sessions to test each drug at different doses.

These limitations notwithstanding, this investigation provides a preliminary analysis of
morphine and butorphanol analgesic response patterns to a variety of pain modalities. The
findings demonstrated that these compounds elicit differing analgesic effects according to
the pain mechanism stimulated. Interestingly, grouping individuals according to their opioid
response profiles established that slightly less than half of the individuals demonstrated
substantial opioid and pain modality specific analgesic effects. The remaining individuals
showed average analgesic efficacy across opioids and pain modalities. That the groups did
not differ on demographic, baseline pain response or psychological profile could point
toward a genetic influence on opioid efficacy. This study adds evidence to the varying
effects of opioids depending on individual variability and pain mechanism, reiterating the
need for further investigation.

Perspective

This investigation provides a foundation for understanding patterns of opioid efficacy in
varying types of pain. Our findings suggest that opioid response patterns are more
complex than originally thought with about half of individuals exhibiting opioid and pain
modality specific analgesic response profiles.
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Figure 1.

Timeline of procedures during experimental drug sessions. The boxed text represents the
procedures (white) and rest breaks (gray) implemented during the study session. The
bidirectional arrows between thermal pain and pressure pain indicate that these two
procedures were conducted in counterbalanced order. Time estimates for each testing
procedure are documented below the timeline.

Adapted from: Fillingim RB, Ness TJ, Glover TL, Campbell CM, Hastie BA, Price DD,
Staud R: Morphine responses and experimental pain: Sex differences in side effects and
cardiovascular responses but not analgesia. Journal of Pain 6:116-124, 2005.
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Figure 2. Cluster profile across standardized factor scores

* Values reported in this figure are standardized factor scores, consequently a value of 0 is
equivalent to the group mean, a value of +1.0 represent 1 (SD) above the mean, and —1.0
represents 1 SD below the mean.

BU: butorphanol; MS: morphine; TS: temporal summation; PPT: pressure pain threshold;
Th: threshold; Tol: tolerance; ischem.: ischemic
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Average morphine and butorphanol change scores for each pain modality by cluster.

Table 2

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4
BU schemic Average BUTS Morphine
responders responders responders ischemic
(n=12) (n=69) (n=33) responders

(n=7)

Average morphine

change score

mean (SD)

Ischemic threshold 30.25 (52.19) 23.23(49.84) | 12.49 (42.68) | 168.86 (66.43)

(seconds)

Ischemic intensity 21.42 (13.54) 23.73(22.52) | 22.06 (28.48) | 95.29 (11.93)

(summed ratings)

Ischemic unpleasantness | 25.67 (19.01) 23.36 (23.63) | 24.06 (26.82) | 95.14 (22.34)

(summed ratings)

Heat pain threshold —0.35 (1.80) 0.89 (1.70) 0.35(1.94) 0.33 (0.93)

0

Heat pain tolerance —0.11 (0.95) 0.48 (0.99) 0.52 (0.94) 0.96 (0.79)

4

TS at 46°C —2.27 (6.21) 1.07 (10.33) 6.31 (16.61) 5.43 (11.72)

(mean pain rating)

TS at 48°C —2.78 (6.21) 2.64 (12.31) 4.02 (9.70) 3.33(4.89)

(mean pain rating)

TS at 50°C 0.32 (6.10) 4.73 (11.47) 0.33(8.97) 2.79 (7.20)

(mean pain rating)

PPT masseter (kg) 0.24 (0.39) 0.26 (0.46) 0.01 (0.43) 0.42 (0.37)

PPT ulna (kg) 0.34 (0.49) 0.70 (0.83) —0.40 (1.08) | 0.37 (1.09)

PPT trapezius (kg) 0.24 (0.68) 0.47 (0.91) -0.13 (0.93) | 0.82(0.98)

Average butorphanol

change score

mean (SD)

Ischemic threshold 173.50 (174.95) | 21.88(46.95) | 35.12(95.19) | 42.00 (53.17)

(seconds)

Ischemic intensity 125.00 (39.34) 24.28 (34.73) | 31.10(59.42) | 39.00 (47.36)

(summed ratings)

Ischemic unpleasantness | 134.83 (44.72) 23.59 (29.09) | 39.79(43.32) | 48.71(39.36)

(summed ratings)

Heat pain threshold 0.43 (1.48) —0.09 (1.67) | 0.21(2.48) 1.50 (2.46)

0

Heat pain tolerance 1.18 (1.18) 0.18 (1.14) 0.30 (1.19) 1.16 (1.11)

0

TS at 46°C 4.05 (9.83) 1.50 (10.28) 10.02 (13.46) | 0.19(9.97)

(mean pain rating)

TS at 48°C 1.83 (16.59) 1.12 (9.38) 17.00(12.02) | 2.34(7.32)

(mean pain rating)

TS at 50°C 9.48 (8.25) 2.15(7.36) 11.66 (11.97) | 10.48 (10.63)

(mean pain rating)

PPT masseter(kg) 0.54 (0.57) 0.29 (0.54) 0.19 (0.42) 0.32 (0.36)

PPT ulna (kg) 1.00 (1.50) 0.50 (1.08) 0.34 (0.78) 1.21 (1.00)

PPT trapezius (kg) 1.46 (1.35) 0.53(1.18) 0.62 (1.14) 0.65 (1.19)
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BU: butorphanol; TS: temporal summation; PPT: pressure pain threshold

Change scores were calculated by determining the difference between the pre-drug and post-drug score on each pain task. Positive changes scores
indicate a reduction in pain, while negative change scores indicate an increase in pain.
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