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a b s t r a c t

Physiological studies of placebo-mediated suggestion have been recently performed beyond their tradi-
tional clinical context of pain and analgesia. Various neurotransmitter systems and immunological mod-
ulators have been used in successful placebo suggestions, including Dopamine, Cholecystokinin and, most
extensively, opioids. We adhered to an established conceptual framework of placebo research and used
the l-opioid-antagonist Naloxone to test the applicability of this framework within a cognitive domain
(e.g. memory) in healthy volunteers. Healthy men (n = 62, age 29, SD = 9) were required to perform a
task-battery, including standardized and custom-designed memory tasks, to test short-term recall and
delayed recognition. Tasks were performed twice, before and after intravenous injection of either NaCl
(0.9%) or Naloxone (both 0.15 mg/kg), in a double-blind setting. While one group was given neutral infor-
mation (S�), the other was told that it might receive a drug with suspected memory-boosting properties
(S+). Objective and subjective indexes of memory performance and salivary cortisol (as a stress marker)
were recorded during both runs and differences between groups were assessed. Short-term memory
recall, but not delayed recognition, was objectively increased after placebo-mediated suggestion in the
NaCl-group. Naloxone specifically blocked the suggestion effect without interfering with memory perfor-
mance. These results were not affected when changes in salivary cortisol levels were considered. No reac-
tion time changes, recorded to uncover unspecific attentional impairment, were seen.

Placebo-mediated suggestion produced a training-independent, objective and Naloxone-sensitive
increase in memory performance. These results indicate an opioid-mediated placebo effect within a cir-
cumscribed cognitive domain in healthy volunteers.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

An ongoing challenge facing research on the placebo effect is
how to properly disentangle its subjective and objective compo-
nents (Harrington, 1999, 2008; Moerman, 2002). Within clinical
contexts in particular, conceptual ambiguities related to this prob-
lem often persist, hindering proper evaluation of standard biomed-
ical therapeutic interventions, and presenting difficulties for the
assessment, appreciation and harnessing of the power of placebo
effects (Benedetti, 2009; Frank, 1993; Kradin, 2008). (For a
perspective on how objectivity and subjectivity have come have
become interrelated in modern science see Daston and Galison
(2007). For a review of the issues relating to objectivity within
ll rights reserved.

ETH and University of Zurich,
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(G. Schönbächler).
contemporary biomedical academia (Greene, 2007; Lakoff, 2006;
Marks, 1997; Relman, 2007). Within the field of placebo research,
endogenous opioids were the first neurobiological substrates con-
sistently enlisted as a physiological mediator of the placebo effect
– when the administration of the opioid-antagonist Naloxone was
shown to reduce placebo-mediated analgesia (Levine, Gordon, &
Fields, 1978). Since then, placebo research has expanded
enormously and opioids continue to play a prominent role (Price,
Finniss, & Benedetti, 2008; Zubieta & Stohler, 2009). For example,
brain-imaging studies have begun to specify the role of opioids in
placebo processes by localizing placebo-induced functional changes
in opioid-signalling in the brain (Zubieta et al., 2005). Such studies
have begun to model the functional anatomy of multiple involved
areas in the cerebral cortex, the midbrain and the basal ganglia
involved during placebo-mediated interactions (Faria, Fredrikson,
& Furmark, 2008; Mayberg et al., 2002; Wager, Scott, & Zubieta,
2007). They have also been able to account for endophenotypical

http://dx.doi.org/10.1016/j.nlm.2011.01.005
mailto:schoenbaechler@collegium.ethz.ch
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functional traits that differentiate individuals showing stronger pla-
cebo responses from those who display weaker responses (Petrovic,
Kalso, Petersson, & Ingvar, 2002; Scott et al., 2008; Zubieta, Yau,
Scott, & Stohler, 2006). In addition to opioids, other neurotransmitter
systems such as Cholecystokinin, Dopamine and Serotonin have
been implicated in placebo effects and, in some contexts, shown to
interact with opioid-signalling (Benedetti & Amanzio, 1997; Fur-
mark et al., 2008; Scott et al., 2007).

Changes in opioid-signalling were shown to be relevant beyond
pain modulation in clinical conditions such as Parkinson’s Disease,
major depression and Post-traumatic Stress Disorder (PTSD) (Ken-
nedy, Koeppe, Young, & Zubieta, 2006; Liberzon et al., 2007; Oken,
2008). Placebo-mediated changes in opioid-signalling were also
shown in relation to muscular endurance (Benedetti, Pollo, & Col-
loca, 2007) and the regulation of emotions (Eippert, Bingel, Schoell,
Yacubian, & Buchel, 2008; Petrovic et al., 2005).

The cognitive and emotional implications of suggestion pro-
cesses have been investigated in social psychology and psychother-
apy research in various ways, involving concepts like self-efficacy
beliefs and the Pygmalion effect, amongst others (Bandura, 2001;
Frank, 1993; Zimbardo & Leippe, 1991). In an educational context,
brief, well-targeted interventions have been shown to boost the
scholarly performance of youth at risk with remarkably long-last-
ing effects and to significantly reduce the chance of being caught in
a downward spiral of negative stereotyping and disappointment
(Ambady, Shih, Kim, & Pittinsky, 2001; Cohen, Garcia, Purdie-Vau-
ghns, Apfel, & Brzustoski, 2009). This established body of work on
social learning and cognition, together with more recent insights
into placebo mechanisms from neuroscience and pharmacology
(Benedetti, 2010; Krummenacher, Candia, Folkers, Schedlowski, &
Schönbächler, 2010), including work on the functioning of ‘cogni-
tive enhancers’ (see e.g. Volkow et al., 2006), indicate the possibil-
ity of addressing the placebo effect within cognitive domains
beyond those encountered in clinical environments and emotional
reaction experiments.’’

Recently, several studies have provided evidence that following
targeted interventions, and with the appropriate training, at least
some cognitive functions, including fluid intelligence (Feuerstein,
1980; Jaeggi, Buschkuehl, Jonides, & Perrig, 2008), attentional
states (Slagter et al., 2007; Tang & Posner, 2009) and working
memory capacity (Klingberg et al., 2005) may be amenable to mod-
ulation or relatively resilient to decline in old age (Colcombe & Kra-
mer, 2003; Valentijn et al., 2006).

Opioid receptors are widely represented in the brain (Henriksen
& Willoch, 2008), being present in areas involved in learning,
addiction and memory (Bruins Slot & Colpaert, 1999; McGaugh,
1989; Nestler, 2002). However, evidence for the direct involvement
of endogenous opioid-signalling and of Naloxone in human mem-
ory has remained equivocal, or limited to specific contexts (Sad-
dler, James, & Harington, 1985; Volavka, Dornbush, Mallya, &
Cho, 1979). For instance, Naloxone-blockage of opioids was shown
to increase memory performance in states of heightened emotional
arousal (Katzen-Perez, Jacobs, Lincoln, & Ellis, 2001). Conversely,
very high doses of Naloxone (2.0 mg/kg) were shown to produce
memory impairments (Tariot et al., 1986). For a review of opioid
pharmacology (Gutstein & Akil, 2001.)

The present study sought to investigate placebo effect outside
clinical and emotional contexts, within a cognitive domain that is
easily accessible to objective measurements. To do so, memory
functions were tested in healthy volunteers in relation to their sus-
ceptibility to placebo-mediated suggestion. Objective memory per-
formance was assessed together with concurrent subjective self-
estimations of performance success.

A double-blind experimental design was used and NaCl or Nal-
oxone was administered to two groups of participants between
two series of memory tasks. While a ‘suggestion group’ (S+) was
told that it might receive a drug with suspected memory-boosting
properties, a second control group (S�) did not receive such infor-
mation (see Section 2). Intra-individual changes in memory perfor-
mance and subjective self-estimations of participants were
recorded. To account for potential test-related changes in stress le-
vel, salivary cortisol was measured.

We hypothesized that this setting would enable us to tease out
objective from subjective effects following placebo intervention.
2. Methods

2.1. Subjects

Sixty-two healthy men (29 years, SD 9 years) were recruited
using notice-board announcements. Prior to inclusion in the study,
subjects were screened for normal memory capacity, using a digit
span subtest from the revised Wechsler Adult Intelligence Scale
(WAIS-R) (Wechsler, 1981), as well as for general health problems
using an extensive health questionnaire. Exclusion criteria in-
cluded the presence of acute or chronic illness, in particular neuro-
logical and psychiatric, gastrointestinal, hepatic, renal or cardiac
diseases. Further exclusion criteria included use of medication at
the time of the study, a history of drug or alcohol abuse, smoking
>5 cigarettes per day, simultaneous participation in other research
studies and, finally, being under 18 or over 60 years of age. Females
were excluded from the study to avoid potential confounding fac-
tors related to menstrual cycle-dependent variation in endogenous
opioid-activation (Craft, Mogil, & Aloisi, 2004) and memory perfor-
mance (Farage, Osborn, & MacLean, 2008; Mordecai, Rubin, & Maki,
2008). All subjects had normal vision, or vision that had been suc-
cessfully corrected. The study was approved by the local ethics
committee and was conducted according to the Helsinki guidelines
for the treatment of experimental subjects. All volunteers gave
their written informed consent and were paid to participate.

2.2. Study design

Participants underwent memory testing that was carried out
with a memory battery comprising seven tasks specified below.
For each memory task, participants gave a subjective success esti-
mation rating regarding their perceived memory performance and
also provided a saliva probe at the end of the experiments. There-
after, with the exception of an injection-free control group consist-
ing of 12 participants, participants received an intravenous (I.V.)
injection of NaCl or Naloxone in a double-blind setting according
to a randomization list. To ensure blinding of examiner and sub-
jects, a study nurse not otherwise involved in the study applied
the injection, which was labelled with numbers corresponding to
a list containing the kind of substance being used; this was made
accessible to the experimenter only after full completion of the
study. After 5 min, the procedure was repeated with another mem-
ory task-battery, self-assessments and a saliva probe (Fig. 1).

2.3. Stimuli

With the task-batteries, 2 sets of stimuli were presented in
counterbalanced order before and after the I.V. injection. For each
subject and task, the sequence of the task versions was randomly
assigned to either the pre- or post-injection task-battery block.
All tasks used were selected or constructed to be, as far as possible,
emotionally neutral, i.e. highly arousing stimuli were deliberately
avoided in order to minimize the probability of eliciting strong
emotions and stress among participants.

The participants started all tasks by pressing a computer key-
board button. In each session, subjects performed a short practice



Fig. 1. Study design: M tasks = memory tasks; SEP = subjective estimation of performance; SEDE = subjective estimation of drug effect.
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run immediately before testing. The distance from the screen was
arbitrarily set at about 80 cm. All subjects confirmed verbally that
this distance was appropriate and did not impede normal vision.
2.4. Multiple tasks

For both the short-term and delayed-recall memory domains,
multiple tasks were used in order to adjust for random lapses in
concentration, unrelated to the task, which might arise when using
a single task. For an overview of the advantages of multiple testing
see Shackman et al. (2006).
2.4.1. Short-term recall tasks
Five sets of stimuli with negligible emotional load, including

words, numbers, symbol strings, geometric figures and images of
objects, were visually presented. These different sets of stimuli
were prepared in order to encompass a wider range of elements
pertaining to different memory domains (e.g. verbal, numerical,
visual).

Words (W): The two 15-word batteries of the Rey Recognition
Test were used (Lezak, 1995). The words were reproduced verbally.

Numbers (N): Two sets of 12 two-digit numbers, randomly se-
lected from a pool of integers from 0 to 99, were used.

Strings (S): Two sets of 12 two-digit strings, consisting of one
random number and one additional random symbol (e.g. ‘‘4 #’’,
‘‘9 !’’, etc.), were used.

Images of objects (I): Twenty easily recognizable objects (e.g. a
garden fence, sun glasses, a car, etc.) were custom-selected. These
were standardized according to size and background to be intui-
tively visually distinctive.

Geometric Figures (G): Two sets of 12 stimuli were presented,
with each stimulus consisting of two two-dimensional geometrical
figures (e.g. a circle and a triangle, a line and a dot, a square and a
line, etc.) from an adapted version of the Benton Test according to
Kramer (Benton, 1973; Kramer, 1974).

As we were not interested in the single tasks but in their aver-
age scores, task order in each session was as follows: W, N, S, I, G.
The stimuli presented on a computer screen were shown in black
(font size 72 for all symbols) against a white background. The pre-
sentation time was 2000 ms and the inter-stimulus intervals
1500 ms.
2.4.2. Delayed-recognition tasks
Two recognition tasks, one involving numbers and one compris-

ing geometric figures, were presented 20 min after each of the
respective recall tasks. Both recognition tasks contained a list of
20 items, where 10 were items from the list previously presented
in the short-term condition and 10 were new. The participants
were asked to press one of two buttons, depending on whether
or not they thought the items presented had already been shown
during the recall task 20 min before. No feedback was given as to
whether the subjects had performed correctly or incorrectly. The
items for the delayed-recognition task were first presented in the
two short-term tasks (numbers and geometric figures). The second
presentation, for the delayed-recall tasks, occurred 20 min later.
The procedure was similar in both cases: the first one (the short-
term tasks and the recognition tasks) took place before, the second
one (again short-term and recognition tasks) after drug injection.

2.5. Substances

Either Naloxone (1.5 mg/ml) or NaCl (0.9%), both supplied by
the Pharmacy of the Kanton Zurich, were intravenously injected
with a dosage of 0.1 ml/kg body weight.

2.6. Cortisol measurement

Cortisol saliva samples were processed and concentrations
measured as described by Meyer et al. (2000).

3. Procedure

3.1. Placebo induction

All subjects were informed about the experimental procedures.
Participants were randomly distributed into four groups (group
membership was totally unknown to the experimenter) according
to a predefined list containing the ampoules of both substances la-
belled with numbers. Groups were as follows: NaCl S+ (n = 15, 15
right-handed), Naloxone S+ (n = 15, 12 right-handed, three ambi-
dextrous), NaCl S� (n = 21, 17 right-handed, 4 ambidextrous;
please note that this group includes an injection-free group, see be-
low) and Naloxone S� (n = 11, 10 right-handed, 1 left-handed)
(S+ = suggestion, S� = suggestion-free). Participants in the S+
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group were told that the study was intended to investigate the
memory-enhancing properties of Naloxone. They were told that
while Naloxone was an established substance in the context of
intoxication diagnosis and treatment, strong indications for poten-
tial memory-related properties have come to the fore in recent re-
search. The statement used to recruit the S� group was similar to
the one used for the S+ group, except that it did not include any
information regarding the potential cognitive effects of the tested
drug (see Supplementary material for this information in full). In
addition to the written information, the experimenter orally ex-
pressed to the S+ group that the expectation was that memory-
boosting properties would be elicited by the injected drug. The
control group did not receive this information. After the experi-
mental session, the participants were given full experimental
debriefing.

A control group (n = 12) received no injection at all. This was
done in order to control for a potential placebo effect due to the
injection procedure on its own. This data set was merged with
the NaCl S� group data after it was found that these two groups
did not statistically differ regarding their objective performances,
subjective evaluations and stress-marker accounts (memory tasks,
subjective assessments, cortisol changes: all p > 0.05).

3.2. Stimulus presentation

All memory items were presented via a Macintosh laptop com-
puter running Cedrus Superlab� Pro Version 4.0 software.

3.3. Data recording

3.3.1. Short-term free recall
The participants reproduced the recalled items on a paper

sheet (numbers, strings, geometric figures and image names) or
enumerated verbally (words) respectively. Items perfectly recalled
were given full points. In the string and geometric tasks, half
points were given for minor errors according to pre-established
criteria (e.g. ‘‘3 #’’ instead of ‘‘3 ⁄’’, ‘‘6 =’’ instead of ‘‘6 _’’, ‘‘8%’’ in-
stead of ‘‘8:’’).

3.3.2. Delayed-recognition task
‘‘Yes’’ and ‘‘No’’ button-responses were recorded, along with

reaction times (RTs). All correct reaction time responses ranging
from 400 to 2000 ms were counted (no responses with reaction
times between 200 and 399 ms were found; shorter reaction times
were deemed to be random responses).

3.4. Subjective performance assessment

All subjects gave a subjective performance-estimation rating on
a visual analogue scale (0–100 mm, representing low to excellent
performance) for each task in both sessions. At the end of the sec-
ond run, an overall comparison of the performances in the two
runs was also expressed on a VAS-scale.

3.5. Data handling

Results of the seven single tasks were grouped according to the
two domains: short-term recall (five tasks: words, numbers, sym-
bol strings, geometric figures, images) and delayed recognition
(two tasks: numbers and geometric figures). Given that the num-
ber of items varied between tasks, the results were normalized
as a percentage of each task’s possible maximum score. Thereafter,
the difference in performance between sessions (session 2 minus
session 1) was computed. In order to avoid evaluating similar
memory domains twice, and considering that task items were
not standardized upon a large population of subjects, correlations
among task scores were computed. Only two tasks correlated sig-
nificantly with each other, namely numbers vs. images (Spearman-
Rho = 0.498, p < 0.05). All other tasks showed correlations with
Rho < 0.25 and were statistically insignificant. Number and image
scores were therefore averaged and further evaluated as a single
task score.

3.6. Statistical analyses

All statistical analyses were computed using SPSS software
package version 16.0 (SPSS, Chicago, IL). Data were controlled for
normal distribution and homogeneity of variance using a Levene’s
test and Kolmogorov–Smirnov test. For all analyses, the signifi-
cance level was set at a = 5%. Unless indicated, all results shown
are means and standard error of the mean (SE). ANOVAs were cal-
culated based on the score differences (second run minus first run)
for the four groups NaCl S+, Naloxone S�, NaCl S� and Naloxone
S�. Post hoc comparisons were calculated by means of single Stu-
dent’s t-tests. These results were corrected by using a simple Bon-
ferroni correction.

3.6.1. Test for substance effect on subjective performance estimation
To test for a potential substance effect in relation to the accu-

racy of subjective estimations of success, correlations were com-
puted between the average score differences of objective- and
subjective performance estimation. For this analysis, each of the
two groups, NaCl and Naloxone, included the S� and S+ conditions.

3.6.2. Test for subjective drug effects
A one factorial ANOVA for the subjective drug effect was com-

puted. To account for cortisol influences on subjective drug effect,
an ANCOVA with cortisol as covariate was then computed.

3.6.3. Accuracy of subjective performance estimation
Objective results and subjective performance estimation were

compared through the calculation of Spearman Rank correlations.

3.7. Tests for potential confounders

To test for potential effects of the injection procedure alone, an
injection-free control group was included. A separated one facto-
rial ANOVA, comparing the group receiving an NaCl injection
without accompanying drug-related suggestion with the injec-
tion-free group, was performed on the average scores of differ-
ences in any domain (objective and subjective evaluations:
short-term recall; delayed recall). In addition, cortisol-concentra-
tion changes were evaluated by means of a one factorial ANOVA
assessing cortisol-concentration changes (Cortisolpost minus Corti-
solpre) for all groups receiving injection. In order to test the recep-
tivity for suggestive cues during Naloxone conditions, reaction
times (used as markers of attention shifts) were analyzed by
means of ANOVAs for the average score of reaction time changes
of NaCl and Naloxone groups (RTspost minus RTspre) during the de-
layed-recognition tasks.

3.8. Correction of missing data

Missing data were found for some subjects and were replaced
by the respective group mean for the given task following the sta-
tistical considerations given in the SPSS statistical package. It is
important to note that this procedure did not affect the results.
Due to an unintended printing error on one examination sheet,
data from a single task, the subjective evaluation of the image task,
were not always recorded. Thus, in the subjective evaluation do-
main, the N-task was directly introduced into the calculations
rather than the weighted value from N and I-tasks (see Section 3.5).
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4. Results

4.1. Objective memory performance

4.1.1. Short-term recall domain
The one factorial ANOVA for the averages of the differences

‘‘second minus first run’’ (hereafter ‘‘score differences’’) was signif-
icant (F (3, 58) = 4.86, p = 0.004). After Bonferroni correction, post
hoc comparisons showed a significantly higher memory perfor-
mance score for NaCl S+ compared to the 3 other groups, Naloxone
S+ (p = 0.047), NaCl S� (p = 0.029), and Naloxone S� (p = 0.006).
(See Fig. 2, left panel.) All other comparisons were statistically
insignificant. The effect remained significant when cortisol-level
changes were included as a covariate (Group (F (3, 54) = 5.086,
p = 0.004). The factor Cortisol and its interaction with the factor
Group were not significant (see Figs. 3 and 4).
4.1.2. Delayed-recognition domain
The one factorial ANOVA for the score differences in delayed-

recognition tasks comprising the same four groups was not signif-
icant (F (3, 58) = 1.56, p = 0.21) and remained insignificant when
computing cortisol-level changes as covariate.
4.2. Subjective self-evaluation of performance success

4.2.1. Short-term domain
The one factorial ANOVA for the score differences in the short-

term recall tasks for the same four groups was significant (F
(3, 58) = 3.81, p = 0.015). Post hoc analyses with Bonferroni correc-
tions for multiple single comparisons showed a higher memory
score for NaCl S+ compared to Naloxone S+ (p = 0.030) and NaCl
S� (p = 0.045), and a weak trend when compared to Naloxone S�
(p = 0.081). All other comparisons were statistically insignificant
(see Fig. 2, right panel). The effect remained significant when com-
puting cortisol-level changes as a covariate using ANCOVA (F
(3, 57) = 3.99, p = 0.012).
4.2.2. Delayed recognition
The one factorial ANOVA for the score differences in the de-

layed-recognition domain was not significant (F (3, 58) = 0.14,
p = 0.93). The ANCOVA with cortisol as covariate was also not sig-
nificant (F (3, 57) = 0.51, p = 0.68).
Fig. 2. Objective performance (left panel) Higher gain in short-term memory span for the
(right panel) Higher increase in self-assessment scores in the short-term memory dom
(p < 0.05).
4.2.3. Accuracy of subjective performance estimation within the short-
term recall domain

Correlations were significant for both groups: NaCl(objective vs.

subjective): r = 0.60, p < 0.01, (n = 36); and for Naloxone(objectve vs. sub-

jective): r = 0.53, p < 0.01, (n = 26). The difference between the two
correlations was not significant (Zdiff. = 0.26, p < 0.796 two-tailed)
(Bruning & Kintz, 1997).
4.2.4. Subjective drug effect
The one factorial ANOVA for the score differences in subjective

drug effect was significant (F (3, 45) = 4.74, p = 0.006), even when
accounting for cortisol in an ANCOVA (F (3, 44) = 3.92, p = 0.014).
Post hoc tests with Bonferroni correction showed a significantly
higher score for NaCl S+ compared to the two suggestion-free
groups NaCl S� (p = 0.042), and Naloxone S� (p = 0.010). All other
comparisons were statistically insignificant (see Table 1).
4.3. Potential confounders

4.3.1. Injection-free control group
The separated one factorial ANOVA comparing the NaCl S�

group with the injection-free group was not significant for score
differences in any domain (objective evaluations: short-term recall
(F (1, 19) = 0.25, p = 0.63); delayed recall (F (1, 19) = 0.76, p = 0.40);
and for the score of subjective estimation of performance success
over the short-term recall and delayed-recall domains (F
(1, 19) = 0.06, p = 0.82).
4.3.2. Control of baseline performance
The baseline performance of all groups was compared (i.e. the

first trials, before the drug injections). No significant differences
were found (individual task comparisons and score comparisons:
all p > 0.1).
4.3.3. Cortisol-concentration changes
The univariate ANOVA assessing cortisol-concentration changes

(Cortisolpost minus Cortisolpre) for all groups receiving injection was
significant (F (5, 59) = 2.39, p = 0.048). However, post hoc compari-
sons did not survive Bonferroni corrections.
NaCl S+ group as compared to the other groups (all p < 0.05). Subjective estimation
ain for the NaCl S+ group as compared to the groups NaCl S� and Nalox one S+



a b

Fig. 3. Objective memory performance results are illustrated for the individual tasks, showing the suggestion effect (a) and the substance effect (b). (� = p < 0.05).

a b

Fig. 4. Subjective performance estimations are illustrated, showing suggestion effect (a) and the substance effect (b). (� = p < 0.05). Please note that subjective ‘Image’-task
data is missing due to a technical error (see ‘Correction of missing data’, in the last part of the Section 2).

Table 1
Results for pre and post-injection trials. The objective performance is depicted in the upper panel. Depicted are the individual trials as mean% score with the corresponding SE.
Subjective success, as estimated on a visual analogue scale (VAS), is depicted in the lower panel. Values are presented as means and SE of VAS improvement in%. Post = post-
injection, pre = pre injection. ‘Medication-effect’ corresponds to the subjective score for the overall effect of the drug.

Group NaCl-S+ Nalox.-S+ NaCl-S� Nalox.-S�

Pre (SE) Post (SE) Pre (SE) Post (SE) Pre (SE) Post (SE) Pre (SE) Post (SE)

Memory performance (split by pre and post) (score (%))
W 63.1 4 63.5 4 66.7 4 68.0 4 69.5 3 73.6 4 67.3 5 67.3 4
S 47.5 5 64.2 5 53.3 3 61.0 5 53.8 4 58.7 3 47.7 7 56.4 6
G 59.4 4 63.9 3 69.2 4 66.4 3 67.5 2 60.6 2 66.1 2 57.3 3
N 60.6 5 66.1 5 77.8 4 69.4 5 72.9 3 69.6 5 73.5 6 61.4 8
I 63.0 3 73.3 3 73.7 3 76.3 3 67.7 2 69.1 2 70.6 2 66.3 2
N recognition 77.3 3 74.0 3 82.0 3 71.4 3 80.6 2 76.2 3 81.1 3 77.5 2
G recognition 85.0 3 82.1 2 83.0 3 78.5 3 83.2 2 78.1 2 87.9 2 73.6 3
Cortisol (D nmol/l) 5.0 1 5.3 1 10.3 2 10.8 1 5.6 1 4.8 1 9.7 2 14.0 2

Success estimation (mean VAS (%))
W 61.9 4 64.2 4 67.7 3 61.6 3 69.2 4 67.9 4 74.9 3 73.3 2
N 46.7 6 51.5 5 64.0 4 51.5 4 57.6 4 57.3 5 69.5 6 61.3 3
S 34.1 5 54.5 8 49.1 3 51.3 3 51.0 4 48.9 5 53.4 6 60.9 4
GF 57.5 5 61.1 5 53.5 5 55.3 5 59.5 4 54.5 5 67.3 4 61.1 3
N recognition 51.3 7 49.2 5 66.2 4 55.0 3 58.1 3 52.8 5 56.9 8 49.1 4
G recognition 69.6 6 60.5 6 58.2 5 58.4 5 70.4 3 66.8 4 67.1 5 57.8 4
Medication effect 17.1 4 8.3 3 �1.1 6 �2.5 1
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4.3.4. Reaction times
The ANOVAs for the score differences of reaction time changes

(RTspost minus RTspre) during the delayed-recognition tasks was
statistically insignificant (F (5, 72) = 0.46, p = 0.81).
5. Discussion

In the first part of this study we tested for effects of placebo-
mediated suggestion on (1) memory performance and (2) subjective
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self-estimations of that performance. Between the two runs of mem-
ory tasks we administered an intravenous injection of a placebo sub-
stance (0.9%, 0.15 mg/kg). While one group of volunteers was told
that the injected substance might produce a memory-boosting effect
(S+), the other (S�) received only drug-related information unre-
lated to potential memory effects. When comparing memory perfor-
mance scores between the runs, we found a significant increase in
memory performance for short-term recall tasks in the S+ group,
but not so in the S� group. This effect was not seen in delayed-recog-
nition tasks.

After completing the tasks, the participants’ estimations of per-
formance success were assessed using a separate VAS for every
individual task. Subjective estimations agreed with objective per-
formance scores; compared to those in the S� groups, the partici-
pants in the S+ groups estimated their performance success as
being higher in the short-term memory tasks, but similar in the de-
layed-recognition tasks.

All in all, these results show that short-term recall performance
was susceptible to placebo-mediated suggestion: performance was
objectively enhanced and not just subjectively considered to have
increased. This increase in performance occurred instantaneously,
within minutes of the injection.

Many studies have highlighted suggestion-related qualitative
changes in memory content resulting in, for example, memory
distortion and ‘false’ memories (Schacter & Slotnick, 2004; Wade
et al., 2007). In addition, other studies have shown that the cog-
nitive capacities within some memory domains may be increased
or preserved over time through specific training regimes (Jaeggi
et al., 2008; Klingberg et al., 2005) or modulated through hypno-
sis (Mendelsohn, Chalamish, Solomonovich, & Dudai, 2008). The
present study extends these findings and shows a training-inde-
pendent, quantitative boosting effect of placebo-mediated sugges-
tion in a circumscribed memory domain that was objectively
observed.

In the second part of this study we tested the role of l-
opioid processing on placebo-mediated suggestion and this
time administered the l-opioid-antagonist Naloxone as a pla-
cebo substance. After injecting either Naloxone or NaCl in a
double-blind setting, we found that in the S� groups, objec-
tive and subjective evaluations of memory performance were
similar in all memory domains. In the S+ group, however,
we found that contrary to the NaCl-condition, neither objec-
tive short-term memory scores nor self-estimations of these
scores increased under Naloxone. In the delayed-recognition
domain, objective and subjective scores were similar in all
four groups.

While Naloxone failed to produce an inherent effect in the ab-
sence of suggestion, the suggestion-related increase in perfor-
mance measured in the NaCl-group was specifically blocked
when Naloxone was administered to the S+ group. These results
indicate that the placebo effect within the short-term recall do-
main was opioid mediated.

We can only speculate about the anatomical pathways
through which opioid-signalling may fascilitate suggestive ef-
fects on cognition. Obvious candidates include the ventral stria-
tum, the amygdala, the insular and anterior cingular cortices
and possibly other structures where the opioid system interacts
with dopaminergic neurotransmission (e.g. Zubieta & Stohler,
2009). The interactions may operate via influences on valence
processing and/ or more directly on (working-) memory-related
pathways.

Several potential confounders were considered in this study,
including (1) stress, (2) drug-induced emotional blurring and (3)
unspecific drug-related cognitive effects potentially affecting
attention. In the following section, these factors will be discussed
separately.
5.1. Stress

Different levels of emotional strain elicited during test
situations may affect test performance. For instance, acute stress
levels, as measured by means of salivary cortisol-concentration
changes, have been shown in some studies to correlate with
decreased performance in memory tasks in healthy volunteers
(Kuhlmann, Piel, & Wolf, 2005; Wolf, Schommer, Hellhammer,
McEwen, & Kirschbaum, 2001). In other studies, ‘inverted u-
shaped’ dose–response effects of stress hormones in some brain
areas such as the CA1 area of the hippocampus have been reported
(Joels, 2006). It therefore seems conceivable that a placebo-medi-
ated increase in memory performance may result from a comfort-
ing effect of the suggestion used and as a result of reduced stress.
However, salivary cortisol-concentration changes in the course of
the experiment were similar across all groups, and the inclusion
of pre-to-post differences in individual cortisol concentration as a
covariate in the statistical models did not change these results.
We conclude that the experimental situation per se did not elicit
substantial stress reactions among volunteers. Consequently, we
firmly believe that neither stress nor stress alleviation contributed
to the present findings.

5.2. Drug-induced emotional blurring

Although studies investigating the impact of Naloxone on emo-
tion have not found significant effects at the timescales and sub-
stance concentration levels investigated in the present study
(0.15 mg/kg), some dysphoric effects have been described at higher
doses (0.2 mg/kg). In addition, increased tension- and confusion-
scores have been reported (although at later times, several hours
after injection) (Grevert & Goldstein, 1978; Martin del Campo,
Dowson, Herbert, & Paykel, 1994; Tariot et al., 1986). Therefore,
the Naloxone effect may have been the result of drug-induced
emotional blurring. If this were the case, such an effect would re-
duce volunteers’ susceptibility to the suggestive intervention. We
used correlations to compare scores of subjective estimation of
performance success with objective scores under the action of both
substances. We could not find any substance effects. In particular,
we did not see any changes in accuracy of self-estimation under
Naloxone, which clearly goes against an emotional blurring-effect
of Naloxone as an explanatory factor for our results.

5.3. Drug-related unspecific cognitive effects

It could be argued that a Naloxone-triggered effect on alertness
may have compromised attention among participants. It is known
that attention and short-term memory processing have partially
overlapping neuroanatomical substrates (Awh, Vogel, & Oh,
2006; Collette & Van der Linden, 2002; LaBar, Gitelman, Parrish,
& Mesulam, 1999). While no differences were found between the
NaCl- and Naloxone groups in the S� condition, it is still possible
that Naloxone may have reduced the receptivity for suggestive
cues. However, reaction-time comparisons of correct responses in
the delayed-recognition tasks (used as markers of attention shifts)
were not significant in any of the investigated groups, something
clearly arguing against a possible substance effect compromising
attention.

5.4. Study limitations

Our task-battery assessed a limited spectrum of memory func-
tions, which clearly precludes statements regarding other subsets
of potentially affected memory functions. Secondly, we did not
use questionnaires to assess emotional states and therefore had
to rely on previous findings published in the literature which
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suggest that Naloxone does not induce substantial emotional ef-
fects at low doses within the first hour after injection (Grevert &
Goldstein, 1978; Martin del Campo et al., 1994).

Over the last three decades, the role of opioid-signalling for pla-
cebo-mediated suggestion has been firmly established in diverse
contexts ranging from pain to motor and mental disorders and
emotions (Benedetti et al., 2007; Eippert et al., 2008; Kennedy
et al., 2006; Liberzon et al., 2007; Oken, 2008; Petrovic et al., 2005).

Our data demonstrate the objective susceptibility of a cognitive
domain to placebo-mediated suggestion. That susceptibility, man-
ifesting as increase in memory performance, was specifically
blocked by the l-opioid-antagonist Naloxone. Naloxone did not
provoke any other interference with cognitive function, be it objec-
tively or subjectively. The present data indicate that l-opioid-sig-
nalling within an emotionally ‘‘neutral’’ context does not interfere
with the processing of the cognitive tasks used per se. However, it
does interact with placebo-mediated suggestion, possibly trigger-
ing auxiliary processes that lead to increased cognitive perfor-
mance. We provide evidence that the reported results were
independent of stress-related processes.

We conclude that the scope of l-opioid-dependent, placebo-
mediated suggestive processes appears to be broader than usually
considered and can also play a role in the modulation of cognitive
functions (such as short-term memory performance in healthy vol-
unteers). Most importantly, our data provide objective evidence for
placebo-mediated suggestion.
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