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Abstract
The effect of opioid blockade on nociceptive flexion reflex (NFR) activity and subjective pain ratings
was examined in 151 healthy young men and women. Using a within-subjects design, NFR threshold
was assessed on two days after administration of either placebo or a 50 mg dose of naltrexone.
Electrocutaneous pain threshold and tolerance levels were measured after NFR threshold assessment
on each day. Results indicated that administration of naltrexone was consistently associated with
hypoalgesic responding. Specifically, participants exhibited lower levels of NFR activity and
reported lower pain ratings for electrocutaneous stimulation delivered at pain threshold and tolerance
levels following administration of naltrexone as compared to placebo. These findings indicate that
opiate blockade using the current standard dose may elicit hypoalgesia. A potential moderating effect
of dose of opiate blockade medication and level of endogenous opioid activation should be carefully
examined in future research.
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1. Introduction
Since the discovery of endogenous opiates in the 1970's (Pert and Snyder 1973;Hughes et al.
1975;Goldstein 1976;Terenius 1977), the endogenous opiate system has become an important
focus in the study of pain modulation. In human studies, opioid antagonists, such as naloxone
and naltrexone, are typically administered as an indirect measure of the contribution of
endogenous opioid activity to the experience of pain during noxious stimulation. This paradigm
is based on the notion that endogenous opiate involvement in pain perception should be
evidenced by an increase in pain following pharmacological blockade of opiate receptors.
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Support for the opiate-blockade paradigm is clearly demonstrated in the animal literature.
Numerous studies show that naloxone and naltrexone increase nociceptive responding across
diverse noxious stimuli for a variety of species, including mice (Jacob et al. 1974;Grevert and
Goldstein 1977;Jacob and Ramabadran 1977), rats (Jacob et al. 1974;Walker et al. 1977;Woolf
1980), cats (Goldfarb and Hu 1976;Bell and Martin 1977;Willer et al. 1982a), dogs (Jacob and
Michaud 1976), and rabbits (Catley et al. 1983).

In contrast to the animal literature, the opiate-blockade paradigm has yielded mixed findings
in studies of healthy human participants. Early studies by Buchsbaum and colleagues
demonstrated naloxone-related hyperalgesia (Buchsbaum et al. 1977;Davis et al.
1978;Buchsbaum et al. 1983), although these effects were limited to specific individuals (e.g.,
“pain insensitive” participants) or conditions (e.g., prolonged or intense stimulation). Other
studies have reported that naloxone has no effect on forearm ischemic pain (Grevert and
Goldstein 1977;1978;Grevert et al. 1983a;Grevert et al. 1983b;Posner and Burke 1985), cold
pressor pain (Grevert and Goldstein 1978;McCubbin and Bruehl 1994), or electrocutaneous
pain in response to stimulation applied to the finger (Bromm et al. 1983), forearm (El-Sobky
et al. 1976), ear (Stacher et al. 1988), or teeth (Ernst et al. 1986). Finally, a few studies have
suggested that, in some cases, opioid antagonists may actually inhibit pain (Volavka et al.
1979;Tassorelli et al. 1995;Janssen and Arntz 1997). More recent studies have also either failed
to observe effects of opioid blockade on pain (McCubbin and Bruehl 1994;Mikkelsen et al.
1999;Bruehl et al. 2002;Edwards et al. 2004), or have reported that the effects of opioid
blockade varied as a function of subgroup membership (Schobel et al. 1998;Bruehl and Chung
2006;McCubbin et al. 2006). For example, Schoebel et al. (1998) reported that naloxone
increased mechanical pain responses in normotensives, but not borderline hypertensives. In
contrast, McCubbin and colleagues (2006) reported that naltrexone increased cold pressor pain
ratings among young adults with high-normal resting blood pressure, but decreased pain ratings
for those with low-normal blood pressure.

To further examine the effects of opiate blockade on nociceptive responding in human
participants, the present study tested the effect of naltrexone on nociceptive flexion reflex
(NFR) activity and subjective pain ratings in healthy young men and women during exposure
to noxious electrocutaneous stimulation. Because prior research suggests that endogenous
opioids may be activated only in response to prolonged or intense pain stimulation, both painful
and maximally tolerable levels of electrocutaneous stimulation were used to evaluate the effect
of opiate blockade on nociceptive responding. It was hypothesized that more intense
stimulation would elicit greater pain and nociceptive responding and that endogenous opiate
blockade would exacerbate these reactions.

2. Methods
2.1. Participants

Healthy young adults (n = 151) were recruited from college campuses located in Athens, Ohio
and Duluth, Minnesota. Participants in the study were predominantly male (55%) and had a
mean age of 19.4 (SE = .13) years. All participants received compensation of $20 per hour of
testing.

2.2. Initial Screening
A series of screening questions was used to identify healthy individuals with no history of
major medical problems or routine use of medication (other than birth control). Those who met
these inclusion criteria, expressed an interest in participating, and completed an informed
consent were then scheduled for a brief medical screening to confirm the absence of any
medical contraindications to testing. None of the potential participants was excluded based on
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the medical screening. After successfully completing the medical screening participants were
scheduled for two 3-hour laboratory sessions, which were scheduled on average 5 ± 0.7 days
apart to allow for clearance of naltrexone. To control for potential menstrual cycle phase effects,
women were tested within 2-7 days after the onset of menses. All participants were asked to
refrain from caffeine, nicotine, alcohol, and strenuous exercise for at least four hours before
their arrival at the laboratory, and from analgesic medication for 24 hours prior to testing.

2.3. Laboratory protocol
The experimental procedure was administered by a female experimenter at each testing site.
To start each testing session, participants completed a brief questionnaire to assess compliance
with the requested dietary, exercise, and medication restrictions. In addition, women took a
One-Step E.P.T.™ pregnancy test to confirm that they were not pregnant. Once participants
were cleared to continue, they completed a ten-minute resting baseline of blood pressure and
heart rate readings. They then consumed a gel capsule that contained either a 50 mg dose of
naltrexone or placebo, with drug order randomly assigned and the experimenter blind to
assignment. A 50mg dose of naltrexone was chosen because it is a standardized dose commonly
used in clinical settings to treat individuals with narcotic and alcohol addiction. Participants
then sat quietly for one hour to allow time for drug absorption. During this interval they
completed a number of questionnaires, read quietly, and then had stimulating and recording
electrodes attached according to the procedures described below. Following the absorption
period, a second ten-minute baseline of blood pressure and heart rate was obtained. Three
nociceptive flexion reflex (NFR) assessments were then conducted, followed by
electrocutaneous pain threshold and tolerance assessments as described below.

2.4. Electrode attachment
To prepare participants for stimulating and recording electrode application, the skin at the
electrode sites was cleaned with alcohol and then abraded with Omni Prep electrode paste. An
electrode impedance of less than 10KOhm, verified using a UFI Checktrode (model MKII),
was achieved before proceeding. Electromyographic (EMG) activity was recorded from the
biceps femoris muscle of the left leg using a DelSys, Bagnoli-2 differential amplifier. The
active electrode was placed over the left biceps femoris muscle 10 cm superior to the popliteal
fossa, and a reference electrode attached over the lateral epicondyle of the femur. EMG was
recorded and processed using a CED Micro1401 analog-to-digital converter and Spike2
software. A Nicolet bar electrode (anode inferior) was attached to the left leg over the
retromalleolar pathway of the sural nerve and electrical stimulation was delivered using a
Digitimer, DS7A constant-current stimulator.

2.5. Electrocutaneous pain threshold and tolerance
Participants were seated in a Hi-Seat rehabilitation chair (model 2000) with a leg rest adjusted
to maintain knee flexion at approximately 60 degrees from horizontal. As part of a separate
investigation (France et al. 2005), NFR threshold was assessed three times with each
assessment lasting approximately 5 min and followed by a 5 min rest period. Upon completion
of the NFR threshold assessments, electrocutaneous pain threshold and tolerance levels were
measured. Specifically, sural nerve stimulation trials were delivered as a volley of five 1 ms
rectangular pulses with a 3 ms interpulse interval (total duration = 17 ms). Stimulation intensity
began at 0 mA and increased in 2 mA steps until a maximum stimulation intensity of 40mA
was reached or the participant reached their tolerance threshold. Following each trial,
participants rated the perceived stimulation intensity using a verbal rating scale with anchors
of 1 (sensory threshold), 25 (uncomfortable), 50 (painful), 75 (very painful), and 100
(maximum tolerable). Pain threshold (in mA) was defined as the first stimulation intensity that
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received a rating of 50 or greater. Pain tolerance (in mA) was defined as the maximum
stimulation intensity that a participant was willing to receive or rated as a 100.

2.6. Data reduction
To allow for a comparison of naltrexone effects on different intensities of electrocutaneous
pain, we identified the stimulation intensities that corresponded to pain threshold and pain
tolerance on each day. We then compared the observed stimulation intensities across the
placebo and naltrexone days, and saved the NFR waveform and pain ratings corresponding to
the lower intensity of the two days (e.g., if pain tolerance was 32 mA on one day and 34 mA
on the other, then responses to the 32 mA stimulation were saved on each day). This procedure
allowed for a direct comparison of responses to the same stimulation intensity on each day.
Analyses were conducted separately for pain ratings and nociceptive flexion reflex activity.
Consistent with prior studies conducted in our laboratory (Page and France 1997;France and
Suchowiecki 2001), nociception flexion reflex activity was defined as EMG activity during
the 90 to 150 ms post-stimulation interval (i.e., total area under the curve). This interval
corresponds to reflex activation related to stimulation of A-delta nociceptive fibers, while
avoiding possible interference from the low-threshold cutaneous flexor reflex, startle reactions,
and voluntary movements.

3. Results
3.1. Electrocutaneous pain ratings

Pain ratings were analyzed using a 2 Sex (female, male) × 2 Drug (naltrexone, placebo) × 2
Stimulation Level (pain threshold, tolerance) repeated measures multivariate analysis of
variance (MANOVA). Results of this analysis revealed significant main effects of Drug, Wilks'
Lambda = 0.97, F(1, 149) = 4.43, p <.05, and Stimulation Level, Wilks' Lambda = 0.11, F(1,
149) = 1248.26, p <.001. There were no other significant main effects or interactions. As can
be seen in Table 1, the main effect of Drug reflected lower pain ratings at both pain threshold
and tolerance stimulation levels following administration of naltrexone as compared to
placebo. The Stimulation Level effect reflected higher pain ratings during exposure to more
intense electrocutaneous stimulation delivered at tolerance versus pain threshold levels. It
should be noted that the mean pain threshold and tolerance ratings presented in Table 1 are
lower than might be expected given our rating scale (i.e., 50 = painful and 100 = maximum
tolerable); however, this result is to be expected given that (a) we compared ratings from the
lower of the two intensities of stimulation used across the placebo and naltrexone days, and
(b) some participants rated the maximum stimulation intensity (i.e., 40 mA) as less than 100.

3.2. Nociceptive flexion reflex activity
Similar to the pain analysis, NFR activity was analyzed using a 2 Sex (female, male) × 2 Drug
(naltrexone, placebo) × 2 Stimulation Level (pain threshold, tolerance) repeated measures
multivariate analysis of variance (MANOVA) of total area under the EMG curve during the
90 to 150 ms post-stimulation interval. Results of this analysis revealed significant effects of
Drug, Wilks' Lambda = 0.95, F(1, 149) = 8.33, p <.01, Stimulation Level, Wilks' Lambda =
0.65, F(1, 149) = 78.03, p <.001, and Sex by Stimulation Level, Wilks' Lambda = 0.96, F(1,
149) = 5.49, p <.05. There were no other significant main effects or interactions. As can be
seen in Table 1 and Figure 1, the main effect of Drug reflected lower NFR activity in response
to both pain threshold and tolerance stimulation levels following administration of naltrexone
as compared to placebo. The Stimulation Level effect reflected higher NFR activity in response
to the more intense electrocutaneous stimulation delivered at tolerance versus pain threshold,
whereas the Sex by Stimulation Level interaction reflected greater NFR activity responses in
men versus women in response to tolerance stimulation. This sex difference is consistent with
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the fact that the tolerance stimulation level for men (M = 32.1; SE = 1.0 mA) was significantly
greater than the level for women (M = 25.1; SE = 1.1 mA), t(149) = 4.76, p<.001.

4. Discussion
In contrast with the notion that blockade of opioid receptors increases pain responding, the
results of the present study provide consistent evidence of hypoalgesic responding in healthy
young men and women following administration of a 50 mg dose of naltrexone. Given that the
central aims of the present study were to evaluate the effect of opiate blockade on pain reports
and nociceptive responses at varying intensities of stimulation, it is particularly interesting to
note that hypoalgesic responding was evident for every measure.

Prior studies that have examined opiate blockade effects on nociceptive flexion reflex activity
have yielded either hyperalgesic responding or no effect of opiate blockade. Evidence of
enhanced reflex activity was demonstrated in healthy participants when NFR responses were
repeatedly assessed during anticipation of an extremely intense 70 mA electrical shock (Willer
et al. 1981). During this period of uncontrolled shock anticipation, an opiate effect on
nociceptive responding was demonstrated by a reduction of NFR threshold in the naloxone
versus placebo condition. Subsequent investigations that did not incorporate severe shock
anticipation reported that opiate blockade had no significant effect on NFR activity (Willer et
al. 1982b;Sandrini et al. 1999). In this context, failure to show a hyperalgesic response to
naltrexone in the present study may be attributed to the absence of a sufficiently intense or
uncontrolled threat that could elicit significant endogenous opiate responsivity. However, this
does not explain why we observed hypoalgesia in the absence of such a threat when other
studies showed no effect. Although several important methodological distinctions might be
relevant, the most important distinction is likely to be the fact that we used a significantly larger
sample and this may have increased our power to detect subtle hypoalgesic effects. For
example, the study with the next largest sample (Roelofs et al. 2000) reported that naloxone
administration was associated with a decrease in both pain reports and NFR activity; however,
these changes were non-significant in this between-subjects design with only 15 participants
per group. In the present study the observed effect sizes for naltrexone were in the small-to-
medium range (i.e., Cohen's d = .35 for pain ratings and .46 for NFR activity). According to
power analyses, such effect sizes suggest minimum samples of 120 and 204, respectively, at
power = .80 and alpha = .05 levels. In sum, naltrexone may exert a small hypoalgesic effect
that requires a relatively large sample size to ensure detection.

It is important to note that hypoalgesic responding to opiate blockade is not without precedent
in the human and laboratory animal literatures. For example, a number of studies have
demonstrated that low doses of naloxone and naltrexone may be associated with hypoalgesia
(Levine et al. 1979;Woolf 1980;Dickenson et al. 1981;Kayser and Guilbaud 1981;Ueda et al.
1986;Vaccarino et al. 1988;1989;Kolaric et al. 1999), while still others have demonstrated
hypoalgesic responding to more standard doses (Volavka et al. 1979;Tassorelli et al.
1995;Janssen and Arntz 1997;al'Absi et al. 2004). For example, in a design that involved the
repeated application of noxious electrocutaneous stimulation to the left ankle (i.e., similar to
the pain stimulus applied in the present study), it was observed that a 4 mg dose of naloxone
was associated with reduction in pain reports relative to a placebo condition (Janssen and Arntz
1997). Concurrent assessment of plasma endorphin levels revealed no significant changes
during the procedure, prompting the authors to conclude that naloxone may lead to hypoalgesia
when administered in the absence of significant endogenous opiate activity (Janssen and Arntz
1997). In sum, the likelihood of observed hyperalgesia, hypoalgesia, or no effect may be
determined by a number of factors including dose of opiate blockade medication, level of
endogenous opiate activation, and the availability of sufficient power to detect subtle
differences. Although the exact mechanism underlying hypoalgesic responses to opiate
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blockade is not known, it has been speculated that low-dose hypoalgesic effects may be
attributed to antagonism of presynaptic autoreceptors responsible for down-regulation of
opioid release and/or agonistic action at non-mu opioid receptor subtypes (Ueda et al.
1986;Bianchi and Panerai 1993;Kolaric et al. 1999). A collateral disinhibition model, wherein
opioid receptor antagonists release a non-opioid hypoalgesic system from tonic opioid
inhibition, may also account for hypoalgesic responses. Specifically, the rostral ventromedial
medulla contains “on” cells that are excited by noxious stimuli, project to the spinal cord,
discharge just prior to withdrawal reflex responses, and are inhibited by opioids (Fields and
Basbaum 1999). As a result, administration of opioid antagonists such as naltrexone may
release these “on” cells from tonic opioidergic inhibition and in so doing facilitate spinal
nociceptive transmission. Such an effect would explain both the observed changes in
nociceptive reflex responding and subjective pain reports in the present study.

Although the present study used a standard 50 mg dose of naltrexone to elicit opioid blockade,
it must be noted that the absence of a mg/kg dosing protocol may be an important limitation
to interpretation of the findings. However, the fact that there were no significant interactions
observed between drug and sex suggests that this may not have had a significant impact on the
results given that, on average, females would have received relatively higher mg/kg levels of
naltrexone than males. An additional limitation of the present study is that, as noted above,
participants had previously been exposed to three NFR threshold assessments prior to the
assessment of their electrocutaneous pain threshold and tolerance levels. In part, this sequence
of events is important in that prior exposure to electrocutaneous stimulation may allow for a
more accurate assessment of pain threshold and tolerance levels as participants become more
familiar, and less anxious about the stimulation procedure. However, it is also possible that
prior exposure to electrical stimulation may influence subsequent responding. Although this
notion cannot be tested directly in the present data set, as it would require a comparison of
responses with and without prior testing, it should be noted that we previously reported that
naltrexone had no significant effect on NFR threshold levels (France et al. 2005). This suggests
that, at a minimum, participants in the present study were exposed to similar levels of
stimulation to elicit the NFR responses on the naltrexone and placebo days, and hence there
was no systematic effect of prior stimulation exposure on the within-subject comparisons
performed in the present report. Nonetheless, given that the present design does not allow us
to rule out all potential prior exposure effects, future studies should be conducted to determine
if similar effects are obtained without prior stimulation.

In sum, the present study supports existing evidence of hypoalgesia following opiate blockade,
and demonstrates that this effect is consistent across subjective pain ratings and nociceptive
flexion reflex responses elicited by intensely aversive electrocutaneous stimulation.
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Figure 1.
Rectified electromyogram (EMG) recorded during electrocutaneous stimulation at pain
threshold (A) and tolerance (B) following placebo and naltrexone administration. Nociception
flexion reflex (NFR) activity is defined by the 90 to 150 ms post-stimulation interval.
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Table 1
Means (Standard Error) for pain ratings and nociceptive flexion reflex (NFR) activity at both electrocutaneous
pain threshold and tolerance levels following placebo and naltrexone administration.

Threshold Tolerance

Placebo Naltrexone Placebo Naltrexone

M (SE) M (SE) M (SE) M (SE)

Pain Rating (1-100)
   Men 45.0 (1.2) 41.0 (1.3) 85.3 (2.2) 81.5 (2.3)
   Women 44.9 (1.3) 43.3 (1.4) 86.0 (2.4) 80.2 (2.6)
   All 44.9 (0.9) 42.1 (0.9) 85.6 (1.6) 80.8 (1.7)
NFR Activity (μV)
   Men 37.7 (4.6) 33.3 (3.9) 77.6 (7.5) 70.4 (7.5)
   Women 40.0 (5.1) 24.3 (4.4) 64.3 (8.2) 44.7 (8.3)
   All 38.8 (3.4) 29.3 (2.9) 71.6 (5.5) 58.8 (5.6)
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