
Research Article

Naltrexone during pain conditioning:
A double-blind placebo-controlled
experimental trial

Moa Pont�en1 , Jens Fust1, Eva Kosek1, Joar Guterstam1,2 , and
Karin Jensen1

Abstract

Naltrexone reversibly blocks the effects of opioids and has been shown to decrease placebo analgesia. However, it is not

clear (1) to what extent naltrexone affects pain modulation in a nontreatment context, for example, in response to pain cues

or (2) how naltrexone given prior to pain-cue learning shapes pain responses. In a double-blind procedure prior to pain-cue

conditioning, 30 healthy participants were randomized to receive an oral dose of naltrexone (50mg) or inert pill. During

functional magnetic resonance imaging, high and low pain pressures were paired with two different visual cues: a high pain

cue and a low pain cue (learning sequence). During a test sequence, medium levels of pressure were used for both cues and

the difference in subjective pain ratings following high and low pain cues was calculated. Results showed significant condi-

tioned pain responses across groups (P<.001); however, no significant difference between participants receiving naltrexone

or inert pill (P¼.193). There was a significant correlation between the difference in high and low pain ratings during the

learning sequence and the effect of high and low pain cues during the test sequence (r¼ .575, P¼.002). Functional magnetic

resonance imaging analyses revealed no significant difference in brain activation between groups. Here, we demonstrate

comparable learning of pain responses in participants treated with naltrexone or inert pill. The results point to the possibility

that associative learning, and conditional responding to pain cues, is not dependent on endogenous opioids. Our results,

using pain-cue conditioning to create reduced pain responses, contrast previous studies where opioid antagonists signifi-

cantly reduced the placebo effect in treatment of pain.
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Introduction

Endogenous opioids have been demonstrated to play an

important role in pain modulation.1,2 For the last four

decades, the opioid antagonist in the form of an injection

(naloxone) or pill (naltrexone) has been used to investi-

gate the role of endogenous opioids in different experi-

ments using different pain modalities.3–7

A seminal study by Levine et al.6 demonstrated a par-

tial block of placebo responses in postoperative patients

following administration of naloxone. Patients who were

responders to placebo analgesia reported increased pain

levels after administration of naloxone which suggest

that endogenous opioids mediate placebo analgesia.

Since then, the role of endogenous opioids in placebo

analgesia has been demonstrated in several studies;3,4,8,9

for a review, see Sauro and Greenberg.10

However, the evidence is inconclusive as there are
studies that have found no blocking effect of naloxone
on placebo analgesia,11–13 whereas other studies have
shown partial blockage of the placebo analgesic
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response.3,4 The neurobiology underlying placebo anal-
gesic responses seems to be a flexible system involving
different mechanisms and neurotransmitters,14 and it is
imperative to discern in what contexts placebo analgesia
is blocked by naloxone and what mechanisms are nalox-
one-insensitive.15

In a typical experiment investigating endogenous
opioids in placebo analgesia, the experiment includes
some sort of placebo treatment to establish a placebo
response. Then, placebo responses already established,
participants are given the opioid antagonist and the pla-
cebo analgesic effect is measured again.

Classical conditioning is often used to investigate pla-
cebo mechanisms, where an initially neutral stimulus
(conditioned stimulus) is associated with an uncondi-
tioned stimulus that leads to an appetitive or aversive
outcome. This can be combined with verbal informa-
tion.16 Classical conditioning does not represent placebo
analgesia per se, as it does not contain any treatment.
However, classical conditioning is a core mechanism of
placebo analgesia17 and can affect sensory perception, as
demonstrated by decreased pain in several studies.18,19

The aim of this study was to examine the role of
endogenous opioids in response to conditioning of cues
that signal either high pain or low pain. The conditioned
cues consisted of the words “high” or “low” and were
thus not neutral. A randomized, double blind, placebo-
controlled experiment with parallel groups was
performed where the opioid antagonist naltrexone or
placebo (inert pill) was given prior to pain conditioning
in a functional magnetic resonance imaging (fMRI)
scanner. The hypothesis was that participants random-
ized to naltrexone would display lower conditioned pain
responses (i.e., lower cue effect) than participants in the
inert pill group. For clarity we report fMRI data, how-
ever, this study was underpowered and therefore no
hypothesis was formulated a priori.

Method

A total of 30 healthy male volunteers were randomized
in a double-blind fashion to receive an oral dose of either
naltrexone or inert pill. Groups did not differ regarding
age or pain sensitivity. Inclusion criteria were as follows:
male, right-handed, age between 20 and 55 years.
Exclusion criteria were as follows: history of medical
or psychiatric illness, ongoing medication for any chron-
ic illness or psychiatric illness, metal implants, claustro-
phobia, or any other counter indication for MRI. Two
participants were excluded due to technical failure and
one due to claustrophobia resulting in data from 27
healthy male volunteers (mean age: 40.3 years, standard
deviation (SD)¼ 8.3; education level: higher education
73%, high school 27%) included in the final analysis.
Participants were recruited as healthy controls in a

larger study investigating the effects of naltrexone on

cue reactivity and craving in amphetamine depen-

dence.20 Recruitment was performed via advertisements.

The regional Ethics Review Board in Stockholm

approved the advertisements and the study (Dnr: 2012/

1062/32), and all participants gave written informed con-

sent. The participants were debriefed after study end and

informed they could withdraw their data.

Material

Painful stimulations were applied using an automated,

pneumatic, computer-controlled stimulator with a plas-

tic piston that applied pressure pain to the left thumb

nail via a 1 cm2 hard rubber probe.21 The software pre-

sentation (Neurobehavioral Systems, Neurobs.com) was

used for presentations of the images in the magnetic res-

onance (MR) scanner.

Procedure

Participants were screened for inclusion and exclusion

criteria by a physician and then scheduled for an exper-

iment. Participants were informed that the experiment

investigated “the brain activity during high and low

pressures,” but the full purpose of the study was not

revealed until the experiment was over.

Pharmacological challenge. Each participant left a urine

sample before taking the medication to exclude current

use of opioids. All participants showed negative results.

Approximately 1 h before the experiment, in a random-

ized double-blind procedure, participants received an

oral dose of either naltrexone 50mg (n¼ 14) or inert

pill (n¼ 13). The dose of 50mg naltrexone has previous-

ly shown reliable effects in studies of pain modulation.7

A single dose of 50mg of naltrexone is enough for a

near complete blockade of the endogenous m opioid

system.22–24

Calibration. The participants were calibrated for subjec-

tive pain ratings by receiving ascending series of pressure

stimuli. Participants were instructed to rate the intensity

of the pain on a 0 to 20 scale (Gracely scale) by pressing

on a rating device. The pressures were presented in steps

of 50 kPa to determine the pressure pain threshold (first

pain rating >0) and stimulation high pressure pain (first

pain rating >15). These levels were then used to calculate

and test three pressures in between the threshold and the

high pressure pain. The duration of each pressure was

2.5 s. Based on the individual ratings of the different

calculated pressures, each participant’s approximate

low pressure pain (5 Gracely) and high pressure pain

(15 Gracely) were determined and tested for consistency

in ratings.
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Experimental paradigm. After this, participants were tested
with the visual paradigm. Pictures were presented inside
the MR scanner via visual goggles (binocular organic
light emitting diode display; Nordic Neuro Lab,
Norway). Participants were informed that the pain cue
(text on the screen “HIGH” or “LOW” pain) indicated
the subsequent pressure.

During the learning sequence, pressure pain stimuli
were applied to left thumb with randomized time inter-
vals so that the timing between stimuli could not be
predicted. The participants were asked to focus on a
cross in the middle of the screen. Before the onset of
each painful stimulus, the word “HIGH” or “LOW”
would appear on the screen instead of the cross, indicat-
ing that a high or low pressure would soon follow. The
duration of the visual cue (“HIGH” or “LOW”) was 2 s,
followed by a jittered wait (2–6 s) before the painful pres-
sure onset. After the painful pressure, a pain rating scale
(0–20 Gracely scale) appeared after a jittered wait (2–
6 s). The learning sequence consisted of 20 trials and all
pressures lasted 2.5 s.

The learning sequence was directly followed by a test
sequence in which the pain cues (“HIGH” or “LOW”)
were always followed by a medium pressure in between
each participants’ calibrated high and low pressure.
The test sequence consisted of 20 trials, where 10 stimuli
were preceded by a “HIGH” cue and 10 stimuli by a
“LOW” cue.

fMRI protocol. The experiment was performed in a 3T
General Electric 750 MR scanner using an eight-
channel head coil at MR Research Center, Karolinska
Institutet, Stockholm. Whole brain volumes were
acquired using a T2*-weighted single-shot gradient
echo planar imaging sequence. The following parameters
were used: repetition time (TR)/echo time (TE) ¼ 2000/
30ms, flip angle¼ 70�, field of view¼ 220� 220mm,
matrix size¼ 72� 72, 42 slices, slice thickness¼ 3mm
with a 0.5mm gap, acquired through an interleaved
slice acquisition mode. Anatomical MR scans were
acquired with a high-resolution brain volume imaging
(BRAVO) three-dimensional T1-weighted image
sequence (1� 1� 1 mm voxel size, 176 slices).

Anatomical (T2-weighted) scans were investigated by a

neuroradiologist for clinical abnormalities. Earplugs and

cushions were used to dampen scanner noise and reduce

head movement.

Data analysis

Statistical analyses of behavioral data were conducted

using RVR and SPSS version 24 (IBM) for correlations,

demographics, and figures.25 The threshold for statistical

significance was set at P< .05, and all tests were two-

tailed. fMRI data analyses were performed using the

Statistical Parametric Mapping 12 (SPM12) software

using Matlab2014 (The MathWorks, Inc., MA, USA).

Functional images were preprocessed with default set-

tings in SPM12. Images were spatially realigned, coregis-

tered, and normalized to the Montreal Neurological

Institute space and spatially smoothed using an 8mm

full-width-half-maximum Gaussian kernel. First-level

general linear model was built on the regressors: high

pain-cue anticipation and high pain-cue pain as well as

low pain-cue anticipation and low pain-cue pain. High

pain-cue and low pain-cue anticipations refer to the jit-

tered wait before pressure onset during the learning

sequence.
An a priori power analysis was performed to determine

the sample size required to detect a pain-cue effect

(n¼ 13) based on a previous data set with similar

design.18 Calculations were performed in G*Power (3.1)

based on differences in pain ratings (0–100) between two

pain cues (dependent means) M¼ 17, SD of differ-

ence¼ 13, alpha¼ .05, power (1�b) ¼.99, two-tailed.

Baseline characteristics. Demographic characteristics for

all participants were retrieved concerning age and edu-

cation. Mean and SDs for pain thresholds, high pressure

pain, and test-sequence medium pressure were calculated

(see Table 1).

Pain ratings. Pain ratings collected during the test

sequence were modeled using a linear mixed effect anal-

ysis due to the hierarchical structure of the data.

The model was used to assess the influence of the

Table 1. Baseline characteristics.

Group

Number of

participants

Pain threshold (kPa)

Mean (SD)

High pain (kPa)

Mean (SD)

Medium pain during test

sequence (kPa)

Mean (SD)

Inert pill n¼ 13 250 (114.81) 515.38 (128.1) 380.77 (108.1)

Naltrexone n¼ 14 182.14 (72.34) 517.86 (143.59) 344.71 (102.05)

Note: Pain threshold refers to the first rated pressure stimulation above 0 (0–20 Gracely scale), high pain refers to the first rated pressure stimulation above

15 (0–20 Gracely scale). Medium pain refers to the pressure for the test sequence. Pressure pain was given to the thumb nail using a 1 cm2 piston in hand-

held pneumatic pressure pain device. Pressure units are given in kPa and represent the group average of calibrated threshold, high pain, and the calculated

medium pain used during the test sequence. SD: standard deviation.
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interaction between condition (naltrexone/inert pill) and
cue (“HIGH”/”LOW”) on pain ratings. As random
effects, we used by-subject random intercept and by-
subject random slopes for trial and cue. Post hoc corre-
lation analyses (Pearson correlation) were done to inves-
tigate the relationship between pain ratings during the
learning sequence and test sequence as well as the rela-
tionship between pain sensitivity and pain ratings during
test sequence.

The data sets generated during and analyzed during
this study are available from the corresponding author
on reasonable request.

Results

Participants in the naltrexone and inert pill groups were
comparable regarding baseline measures of pain sensitivity
(medium pain value used during pain testing, see Table 1).
There were significant conditioned pain responses across
groups, linear: b¼�5.99, t(39)¼�8.18, P< .001 (see
Figure 1) indicating that the high cue was followed by
relatively higher pain ratings compared to the low cue,
in spite of identical absolute pressures during the test
sequence. There was no significant difference in pain per-
ception during the test sequence between participants
receiving naltrexone or inert pill, linear: b¼ 1.39, t(39)¼
1.32, P¼ .193. Looking at the groups separately, in a post
hoc analysis, there were significant conditioned pain
responses in both the naltrexone group (b¼�3.61, t(14)
¼�4.5, P< .001) and the inert pill group (b¼�2.67, t
(13)¼�5.55, P< .001).

Pain sensitivity did not explain the variance in pain
ratings during the test sequence, as the pressure required
to induce high pain (kPa) did not correlate with pain
ratings in response to the high cue (r¼ .021, P¼ .918).

Conversely, the pressure required to induce low pain did

not correlate with low cue pain ratings (r¼�.079,

P¼ .699) during the test sequence. This indicates that

baseline differences in pain sensitivity did not explain

the variance in test-sequence pain ratings. However,

there was a positive correlation between the difference

in ratings (high pain–low pain) during the learning

sequence and ratings (high cue–low cue) during the test

sequence; r¼ .575, P¼ .002 (see Figure 2), indicating

that the learning that takes place during conditioning

(i.e., perceived difference between high and low pain)

may explain the pain perception during the test

sequence.
Analyses of brain activations in response to pain

during the learning sequence (across groups) revealed

activations in pain processing regions (high pain> low

pain) such as primary somatosensory cortex (S1), sup-

plementary motor area and secondary somatosensory

cortex (S2), as well as posterior insula (see Figure 3).

Yet, there were no significant effects of the main exper-

imental comparisons, for example, low cue–high cue

across groups and no differences between groups either

(see Table 2).

Discussion

Here, we investigated the role of endogenous opioids in

pain conditioning using naltrexone and conditioning of

cues that signal either high or low pain. There was a

significant conditioned pain effect; however, no signifi-

cant differences between the group receiving naltrexone

or inert pill. Our findings point to the possibility that

conditional responding to pain cues is not dependent

on endogenous opioids, as there were significant condi-

tioned pain effects both in individuals on naltrexone and

inert pill. One unique aspect of our study was the

Figure 1. Visual representation of mean pain ratings (rated on
the 0–20 Gracely scale) during the test sequence. There were
significant conditioned pain responses in the naltrexone group
(P<.001) and inert pill group (P<.001). Error bars represent two
standard errors.

Figure 2. Scatter plot illustrating the positive correlation
between the difference in ratings (high pain–low pain) during
conditioning (strength of learning) and ratings (high cue� low cue)
during the test sequence; r¼ 0.575, P¼.002.
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administration of naltrexone (or inert pill) already

before the conditioning procedure. Other studies3,6

have administered the opioid antagonist in a later

stage, when the acquisition of conditioned effects have

already been formed. While we found significant effects

of the conditioning procedure, our data indicate that

pain conditioning is possible with an opioid antagonist

on board and does not rely solely on opioid mechanisms.
Based on evidence from experiments on placebo anal-

gesia, demonstrating that opioid antagonists block (at

least partly) the analgesic effects,3,4,8 it is likely that con-

ditioned pain relief also depends on the release of endog-

enous opioids. Brain imaging studies have provided

further evidence for the involvement of mu opioids

during placebo analgesia26 and brain areas rich in mu

opioid receptors are activated during placebo analge-

sia.2,27 At the same time, studies indicate that numerous

factors are involved in placebo effects and endogenous

opioids may not always be the key mechanism.11,28

Previous data suggest that pharmacological condi-

tioning of analgesic responses can be naloxone insensi-

tive if the conditioning is performed with a nonopioid

analgesic.8 If verbal suggestion is involved, a part of the

analgesic effect can be reversible with naloxone. Even if

this study did not involve pharmacological conditioning,

the study by Amanzio and Benedetti8 points to the

possibility that some conditioned pain effects are not

dependent on opioids (unless there is direct conditioning

with an opioid drug). One more study confirms that type

of pharmacological conditioning determines whether

naloxone will affect pain ratings.28 Nonopioid pharma-

cological conditioning with nonsteroidal anti-inflamma-

tory drugs was not reversed by naloxone but with an

endocannabinoid antagonist. In line with our study,

this suggests that not all placebo-like effects on pain

are reversible by naloxone, and that the drug used

during conditioning will have effect on the neurobiolog-

ical mechanisms during placebo analgesia, as if placebo

is mimicking the effect of the active drug.
Another reason why the effect of opioid antagonists

on placebo analgesia may vary is the difference between

study populations. The authors of a clinical trial in

patients with irritable bowel syndrome (IBS) suggest

that the clinical benefits from placebo treatment are

Figure 3. Representation of increased blood oxygenation level dependent (BOLD) signal in pain relevant cortical areas during pressure
pain and anticipation for pain.

Table 2. Results from fMRI statistical analyses of pain activations and pain anticipation across both groups during the learning phase.

MNI x MNI y MNI z

Cluster

size (voxels) Z score FWE P value

Pain main effect (high pain> low pain)

S1 57 �10 50 239 5.43 .001

SMA/ACC 6 �1 56 245 4.85 .009

S2/posterior insula 54 �13 14 181 4.63 .023

Anticipation of pain main effect (high pain cue> low pain cue)

S1/SMA/ACC 42 �4 62 693 4.77 .020

Note: Pain main effect refers to the brain activations in response to pressure pain during the learning phase (high pain> low pain). Coordinates (x, y, z)

correspond to the MNI standard brain atlas. Statistical threshold was set at P<.001, reported clusters are FWE-corrected at the cluster level. Anticipation

to pain main effect refers to the brain activations in response to the anticipation of pressure pain during the learning phase (high pain cue> low pain cue). S1:

primary somatosensory cortex; SMA: supplementary motor area; ACC: anterior cingulate cortex; S2: secondary somatosensory cortex; FWE: family-wise

error; MNI: Montreal Neurological Institute.
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likely not mediated by opioids as naloxone did not affect
the outcomes in IBS patients.11 Taken together, it is
likely that a number of different neurotransmitters can
be involved in placebo analgesia14,28 and possibly also in
conditioned pain responses, and that the response may
vary depending on context.

We performed the naltrexone administration before
the learning of pain relief as opposed to after. This dis-
tinction is important as endogenous opioids have been
proposed to be involved in learning of responses, such as
threat.29 For example, administering naloxone before
learning of conditioned fear responses has shown to
enhance acquisition of conditioned fear.30 To the best
of our knowledge, studies on placebo analgesia to date
have all administered naltrexone after the learning of
placebo analgesic responses.

We employed a stimulus context where pain modula-
tion was dependent on predictions of stimulus intensi-
ties, and not the efficacy of a given treatment. The
studies that have successfully blocked or partially
blocked the placebo response have all been performed
in a so-called treatment context. Although the mecha-
nisms are thought to overlap, preliminary evidence sug-
gest different brain circuitries involved in pain relief
from stimulus expectancy and treatment expectancy.19

Here we used conditioning with two different visual
cues, one associated with high pain (“HIGH”) and one
associated with low pain (LOW”). As our conditioning
paradigm did not involve any treatment, and represents
a typical response expectancy paradigm, we suggest that
it may involve a nonopioid mechanism that will not be
affected by opioid blockade.

The lack of naloxone effect on pain modulation in
previous studies has also been discussed in terms of
dosage, where authors speculate that the dose might
have been too low to have an effect.11,31 Here we used
a single dose of 50mg naltrexone. Previous studies of
fear conditioning in humans used the same dose,29 and
a pain study showed that 50mg naltrexone is enough to
successfully block pain inhibition7 as well as studies
showing almost complete blockade of endogenous
opioid system with the same dose.22–24 Hence the dose
in this study was likely not too low to exert an effect.

Naltrexone and naloxone are two unselective opioid
antagonists with similar pharmacodynamic profile and
differ mainly in terms of pharmacokinetics, where nal-
oxone has a shorter half-life and poor oral bio-
availability. This study used oral naltrexone, as it was
part of a larger project investigating this as a potential
treatment for amphetamine addiction. For the purposes
of this experiment, the resulting pharmacological effect
of a strong opioid blockade would be similar with
naloxone.

We found a correlation between the difference in pain
ratings in response to high and low pain during the

learning sequence and the difference between pain rat-

ings in response to high and low cues during the test

sequence. This indicates that early learning of an asso-

ciation predicts subsequent conditioned effects. This is in

line with the Jensen et al. study, using a similar condi-

tioning paradigm, where the strength of learning pre-

dicted subsequent placebo and nocebo effects.18 The

role of learning in the acquisition of placebo and

nocebo effects is further emphasized in a study by

Benedetti et al.33 where the number of conditioning

trials had a linear relationship to the firing of thalamic

neurons during placebo treatment, and clinical benefits.

This study suggests that associative learning has a sig-

nificant effect on pain in healthy volunteers, even if nal-

trexone has blocked the function of the opioid system.
This study was limited by the small sample size and

further studies are needed to confirm these preliminary

findings. One possibility could have been to use Bayesian

statistics in order to fully claim that lack of effect means

no group differences. However, those analyses were not

planned and we were not powered enough to do such

analyses. Despite this, our findings add to previous pla-

cebo studies showing none to limited effect of opioid

antagonist on pain relief.11,12,32

This study could not determine if there is a difference

between placebo-like responses in a stimulus context

(e.g., pain-cue effects) or treatment context (e.g., placebo

pill) as we only tested the effects of naltrexone in a stim-

ulus context. In addition, as the conditioning included

cues that signaled either high or low pain it was not

possible to test if the responses was mainly attributable

to automatic learning processes or explicitly formed

predictions.
In contrast to previous studies, we used pressure pain,

as it has been shown to evoke a more clinically relevant

pain sensation (that also correlates to clinical pain meas-

ures).34 It is possible that a different pain modality

would have rendered a different result in this study.

However, our model of experimental pain produced
robust placebo responses and was not affected by nal-

trexone. Pressure pain has in addition been shown to be

unaffected by naloxone.35

This study included fMRI analyses, yet, there were

few significant findings. Overall, we found significant

neural activations in pain relevant areas during pressure

stimuli, and anticipation of pressure stimuli. Yet, our

analyses failed to find significant activations for the

high cue and low cue condition during the test sequence,

or differences between the naltrexone and placebo

group. The lack of fMRI findings is likely due to low

power as our groups only had 14 and 13 participants,

respectively. The fMRI data was included for explorato-

ry reasons and included in this article to provide the

reader with the full picture of the data collected. Due
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to the exploratory nature of the fMRI data we did not

form specific hypotheses a priori.
In conclusion, comparable conditioned pain

responses were shown for participants in the naltrexone

and inert pill group. This points to the possibility that

the full function of the endogenous opioids is not neces-

sary for conditioned pain responding. Our results imply

that the neurobiological system of pain relief is flexible

and consists of different mechanisms depending on the

experimental context. The findings in this study may fur-

ther deepen the knowledge about the role of endogenous

opioids in conditioning and may be of clinical impor-

tance where knowledge of basic pain processing is key.

Further research is needed to investigate the neurobio-

logical mechanisms of conditioned pain responses and

placebo analgesia.
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