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Any medical treatment is surrounded by a psychosocial context
that affects the therapeutic outcome. If we want to study this
psychosocial context, we need to eliminate the specific action of a
therapy and to simulate a context that is similar in all respects to
that of a real treatment. To do this, a sham treatment (the placebo) is given, but the patient believes it is effective and expects a
clinical improvement. The placebo effect, or response, is the outcome after the sham treatment. Therefore, it is important to emphasize that the study of the placebo effect is the study of the
psychosocial context around the patient.
The placebo effect is a psychobiological phenomenon that can
be attributable to different mechanisms, including expectation of
clinical improvement and pavlovian conditioning. Thus, we have
to look for different mechanisms in different conditions, because
there is not a single placebo effect but many. So far, most of the
neurobiological mechanisms underlying this complex phenomenon have been studied in the field of pain and analgesia, although recent investigations have successfully been performed in
the immune system, motor disorders, and depression. Overall,
the placebo effect appears to be a very good model to understand
how a complex mental activity, such as expectancy, interacts with
different neuronal systems (Colloca and Benedetti, 2005; Finniss
and Benedetti, 2005).
Recently, the placebo effect has reemerged in the public and
scientific interest because of investigations of its biological substrates (de la Fuente-Fernandez et al., 2001; Mayberg et al., 2002;
Petrovic et al., 2002; Lieberman et al., 2004; Wager et al., 2004;
Colloca and Benedetti, 2005; Zubieta et al., 2005a). The public is
interested in placebo effects because they promise increased selfcontrol; the existence of placebo effects suggests that we must
broaden our conception of the limits of endogenous human capability. Scientists are interested in placebo responses because the
effects of belief on human experience and behavior provide an
entry point for studying internal control of affective, sensory, and
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peripheral processes. The study of the placebo effect, at its core, is
the study of how the context of beliefs and values shape brain
processes related to perception and emotion and, ultimately,
mental and physical health. The study of the placebo effect reflects a current neuroscientific thought that has as its central tenet
the idea that “subjective” constructs such as expectation and
value have identifiable physiological bases, and that these bases
are powerful modulators of basic perceptual, motor, and internal
homeostatic processes.
The study of the placebo effect also has immediate clinical and
ethical implications, because the use of inactive (placebo) conditions in clinical trials when effective treatments are available has
created an ethical controversy. However, it has been well documented that placebo effects can obscure those of active conditions, even for treatments that were eventually demonstrated to
be effective. Thus, placebo effects may represent points of either
strength or vulnerability for the expression and maintenance of
various pathological states and their inherent therapeutic
interventions.
The pharmacological approach
The neurobiology of the placebo effect was born in 1978, when it
was shown that placebo analgesia could be blocked by the opioid
antagonist naloxone, which indicates an involvement of endogenous opioids (Levine et al., 1978). By using this pharmacological
approach with naloxone, several other studies have confirmed
and extended this observation. For example, a placebo can reduce
pain by both opioid and non-opioid mechanisms (Colloca and
Benedetti, 2005) (Fig. 1). In the first case, placebo analgesia is
typically blocked by the opioid antagonist naloxone, whereas in
the second case it is not, depending on the procedure that is
applied to induce the placebo analgesic response. In an experimental model of pain (Amanzio and Benedetti, 1999), the placebo response could be blocked by naloxone if it was induced by
strong expectation cues, whereas if the expectation cues were
reduced, it was insensitive to naloxone. In the same study, if the
placebo response was obtained after exposure to opioid drugs, it
was naloxone reversible, whereas if it was obtained after exposure
to non-opioid drugs, it was naloxone insensitive. These data indicate that opioid and non-opioid mechanisms come into play
under different circumstances. The placebo-activated endogenous opioid systems have been shown to have a somatotopic
organization, because local naloxone-reversible placebo re-
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mediated placebo analgesia also affects the
cardiovascular system (Pollo et al., 2003)
(Fig. 1).
In another recent study, some of the
circumstances in which expectation and
conditioning are involved have been suggested. In this study (Benedetti et al.,
2003), the effects of opposing verbal suggestions on experimental ischemic arm
pain in healthy volunteers and on motor
performance in parkinsonian patients
were analyzed. It was found that verbally
induced expectations of analgesia/hyperalgesia and of motor improvement/worsening antagonized completely the effects
of a conditioning procedure. In contrast, it
was found that expectations of increase/
decrease of growth hormone (GH) and
cortisol did not have any effect on the secretion of these hormones. However, if a
preconditioning was performed with
sumatriptan, a 5-HT1B/1D agonist that
stimulates GH and inhibits cortisol secretion, a significant increase of GH and decrease of cortisol plasma concentrations
were found after placebo administration,
although opposite verbal suggestions were
given (Fig. 1). These findings suggest that
expectations have no effect on hormonal
secretion, although they affect pain and
motor performance. This also provides
Figure 1. Events that might take place in the brain after placebo administration. Placebo administration (psychosocial context)
might reduce pain through opioid and/or non-opioid mechanisms via expectations and/or conditioning mechanisms. The respi- some evidence that placebo responses are
ratory centers may also be inhibited by endogenous opioids. The ␤-adrenergic sympathetic system of the heart may also be mediated by conditioning when unconinhibited during placebo analgesia, although the mechanism is not known (reduction of the pain itself and/or direct action of scious physiological functions, such as
endogenous opioids). CCK antagonizes the effects of endogenous opioids, thereby reducing the placebo response. Placebos can hormonal secretion, are involved, whereas
also act on 5-HT-dependent hormone secretion, on both the pituitary and adrenal glands, thereby mimicking the effect of the they are mediated by expectation when
analgesic drug sumatriptan. From Colloca and Benedetti (2005).
conscious physiological processes, such as
pain and motor performance, come into
sponses can be obtained in different parts of the body (Benedetti
play, although a conditioning procedure is performed. Thus, the
et al., 1999b).
placebo effect seems to be a phenomenon that can be learned
On the basis of the anti-opioid action of cholecystokinin
either consciously or unconsciously, depending on the system
(CCK) (Benedetti, 1997), the CCK antagonist proglumide was
that is involved (e.g., pain or hormone secretion).
found to enhance placebo analgesia through the potentiation of
The role of conditioning in the placebo effect is also shown by
the placebo-activated opioid systems (Benedetti et al., 1995).
studies on the immune responses (Ader, 2003). For example,
Thus, the placebo analgesic response appears to result from a
repeated associations between cyclosporin A (unconditioned
balance between endogenous opioids and endogenous CCK (Fig.
stimulus) and a flavored drink (conditioned stimulus) induced
1). In one additional study in chronic pain patients, it was found
conditioned immunosuppression in humans, in which the flathat placebo responders showed higher concentration of endorvored drink alone produced a suppression of the immune funcphins in the CSF than placebo nonresponders (Lipman et al.,
tions, as assessed by means of interleukin-2 (IL-2) and
1990).
interferon-␥ (IFN-␥) mRNA expression, in vitro release of IL-2
and IFN-␥, as well as lymphocyte proliferation (Goebel et al.,
The placebo-activated endogenous opioids have also been
2002). This study supports a conditioning mechanism in immushown to produce respiratory depression, a typical side effect of
nosuppressive placebo responses and is in keeping with the efopioids. In fact, after repeated administrations of the opioid bufects of sumatriptan conditioning on GH and cortisol secretion
prenorphine in the postoperative phase, which induces mild re(Benedetti et al., 2003).
spiratory depression, a placebo is able to mimic the same respiIt is worth pointing out that these placebo mechanisms have
ratory depressant response, an effect that can be totally blocked
an important influence on the therapeutic outcome, and indeed
by naloxone (Benedetti et al., 1999a). Therefore, not only do
they enhance the specific effect of a treatment. These additive
placebo-activated opioid systems act on pain mechanisms, but
effects have been demonstrated recently by studies that assessed
they act on the respiratory centers as well (Fig. 1). A recent study,
treatment efficacy after the hidden administration of different
in which the sympathetic control of the heart was analyzed during
therapies. In fact, the open administration of a treatment, in
placebo analgesia, found that placebo analgesia was accompanied
which the subject knows what is going on and expects an outby a reduced heart rate and a decreased ␤-adrenergic response, an
effect that was reversed by naloxone, which indicates that opioidcome, is more effective than a hidden one, in which the subject
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does not know that any therapy is being given and thus does not
expect anything (Colloca et al., 2004). Likewise, the expected
administration of a drug has a more powerful effect on brain
metabolism than the unexpected administration (Volkow et al.,
2003). These findings show that drug effects are reduced if expectations are absent and underscore how the knowledge about a
treatment affects the therapeutic outcome.
The placebo effect in motor control: studies in
Parkinson’s disease
Recently, Parkinson’s disease has emerged as an interesting
model to understand the neurobiological mechanisms of the placebo response. In this case, patients are given an inert substance
(the placebo) and are told that it is an antiparkinsonian drug that
produces an improvement in their motor performance. A recent
study used positron emission tomography (PET) to assess the
competition between endogenous dopamine and [ 11C]raclopride for D2/D3 receptors, a method that allows identification of
endogenous dopamine release (de la Fuente-Fernandez et al.,
2001). This study found that placebo-induced expectation of motor improvement activates endogenous dopamine in the striatum
of parkinsonian patients. In addition, it has been found that expectations of poor versus good motor performance modulate the
therapeutic effect of subthalamic nucleus stimulation in parkinsonian patients who had undergone chronic implantation of
electrodes for deep brain stimulation (DBS). In fact, by analyzing
the effect of subthalamic stimulation on the velocity of movement of the right-hand, the hand movement was found to be
faster when the patients expected a good motor performance.
These effects occurred within minutes, suggesting that expectations induce neural changes very quickly (Pollo et al., 2002).
The strong placebo responses in Parkinson’s disease and the
possibility to study parkinsonian patients who are implanted
with electrodes for deep brain stimulation has been exploited
recently to record from single neurons after placebo administration (Benedetti et al., 2004). In this study, the activity from single
neurons in the subthalamic nucleus was recorded before and
after placebo administration to see whether neuronal changes
were linked to the clinical placebo response. The placebo consisted of a saline solution that was given to patients along with the
suggestion that it was an antiparkinsonian drug. This procedure
was performed intraoperatively after preoperative pharmacological conditioning with apomorphine, a powerful antiparkinsonian drug. It was found that the placebo responders showed a
significant decrease of neuronal discharge and a reduction of
bursting activity of subthalamic neurons, whereas the placebo
nonresponders did not. Remarkably, as shown in Figure 2 for two
representative patients (a placebo responder and a nonresponder),
there was a nice correlation between the subjective reports of the
patients, the clinical assessment of the neurologist, and the electrical
activity of single neurons.
Thus, Parkinson’s disease offers us an exciting and innovative
model to understand the intricate relationship between expectations and neuronal systems. In particular, the possibility of recording from single neurons offers us the chance to identify the
neuronal changes that take place in the basal ganglia circuitry
during the placebo response.
Endogenous opioid mechanisms in placebo analgesia:
neuroimaging studies
As described above, substantial evidence implicates the endogenous opioid system in the mediation of placebo effects under
conditions of expectation of analgesia. During both clinical and

Figure 2. Correlation between subjective report (italics), arm rigidity (black circles), and
subthalamic nucleus neuronal frequency discharge (bars) in two representative Parkinson’s
disease patients. The black arrow on the abscissa indicates placebo administration. Note the
subjective sensation of well-being, along with arm rigidity decrease and neuronal firing rate
reduction, in the placebo responder (a) but not in the nonresponder (b). Modified from
Benedetti et al. (2004).

experimentally induced pain, placebo administration with expectation of analgesia has been associated with reductions in pain
ratings that were reversed by either the open or hidden administration of naloxone (i.e., they were mediated by the activation of
pain-suppressive endogenous opioid neurotransmission)
(Gracely et al., 1983; Grevert et al., 1983; Levine and Gordon,
1984; Benedetti, 1996; Amanzio and Benedetti, 1999). Nonopioid mechanisms have also been described, particularly in the
context of previous preconditioning with non-opioid agents
(Amanzio and Benedetti, 1999).
In an initial examination of the neuronal circuitry implicated
in these mechanisms, Petrovic et al. (2002) described a coincidence of increases in regional cerebral blood flow (CBF) by the
systemic administration of a -opioid receptor agonist, remifentanil, and placebo with expectation of analgesia in the rostral
anterior cingulate cortex. Furthermore, individuals who were
placebo responders showed more pronounced rostral anterior
cingulate regional blood flow responses to remifentanil. These
data then suggested the presence of variations in the responses of
the -opioid receptor system as a function of placebo response,
localized in the rostral anterior cingulate.
Regarding the circuitry implicated in placebo analgesia (and
as described in more detail below in Functional neuroanatomy of
placebo analgesia), Wager et al. (2004) used functional magnetic
resonance imaging (fMRI) to indirectly measure neuronal activity during the administration of a placebo with expectation of
analgesia. Placebo administration was associated with reductions
in the activity of pain-responsive regions while subjects underwent a painful heat stimulus. The regions involved included the
rostral anterior cingulate, the insular cortex, and the thalamus.
This study used an expectancy manipulation to elicit a placebo
response, which enhances belief in the placebo. This procedure
does not involve classical conditioning per se (because there is no
active unconditioned stimulus), which has been associated with
non-opioid-mediated analgesic mechanisms (Amanzio and
Benedetti, 1999). Although the methodology used does not examine the neurochemical mechanisms inducing the placebo analgesic effect, the regions implicated do present high concentrations of -opioid receptors and demonstrate increases in regional
blood flow after the exogenous administration of -opioid recep-
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neurotransmission, but it no longer
reached statistical significance after correction for multiple comparisons (Fig. 3).
The psychophysical correlates associated with the placebo-induced activation
of the endogenous opioid system were
then examined. For these correlates, subjects were selected who showed a substantial placebo effect (i.e., ⬎10% change in
the in vivo availability of -opioid receptors after placebo administration). This
threshold was selected as exceeding the
typical interexperimental variability in
PET -opioid receptor measurements
(Zubieta et al., 2005a). In the pregenual
anterior cingulate, placebo-induced
-opioid system activation above those
Figure 3. Effects of placebo on the activation of -opioid receptor-mediated neurotransmission. After correction for multiple
comparisons, significant effects of placebo on the activation of the -opioid system (n ⫽ 14) were detected in the left DLPFC (x, levels was significantly correlated with raty, z peak coordinates, ⫺36, 13, 39; cluster size, 1403 mm 3; z score, 4.27; p ⬍ 0.0001), rostral anterior cingulate (RACing; x, y, z, ings of visual analog (VAS) pain intensity
14, 49, 13; cluster size, 3193 mm 3, z score, 4.18; p ⬍ 0.0001), left nucleus accumbens (NAcc; x, y, z, ⫺7, 11, ⫺11; cluster size, and pain unpleasantness, McGill Pain
1332 mm 3; z score, 4.83; p ⬍ 0.0001), and right anterior insula (Ins; x, y, z, 41, 10, ⫺17; cluster size, 844 mm 3; z score, 4.15; p ⬍ Questionnaire (MPQ) sensory subscale
0.05). The posterior right insula achieved subthreshold levels of significance (44, ⫺15, 4; cluster size, 732 mm 3; z score, 3.81; p ⬍ scores, and total MPQ scores. Placebo0.0001 uncorrected for multiple comparisons). z scores of statistical significance are represented by the pseudocolor scale on the induced activation of endogenous opioid
right side of the image and are superimposed over an anatomically standardized MRI image in coronal views. The left side of the neurotransmission in this region was also
axial and coronal images corresponds to the right side of the body (contralateral to pain) (radiological convention).
highly and positively correlated with a
measure of pain tolerance.
tor agonists (Firestone et al., 1996; Adler et al., 1997; Schlaepfer et
In the right anterior insular cortex, significant correlations
al., 1998; Casey et al., 2000; Wagner et al., 2001).
were obtained with the changes in VAS ratings of pain intensity
The endogenous opioid system, and specifically its activation
and MPQ sensory and total MPQ scores. At the level of the left
of -opioid receptors, thought to primarily mediate the observed
nucleus accumbens, significant correlations were obtained, in the
effects of placebo and naloxone, as noted above, is additionally
same direction, with the change in VAS pain intensity ratings,
implicated in a number of other functions. These range from the
MPQ affective subscale, and reductions in negative affect scores
regulation of central stress responses and pain, hypothalamic–
experienced during the challenge (Profile of Mood Scale). In the
pituitary regulation of reproductive and stress hormones (e.g.,
left dorsolateral prefrontal cortex, -opioid system activation
was negatively correlated with the expected analgesic effect as
ACTH and the immunologically active cortisol), and the adaptarated by the subjects before placebo administration.
tion and response to novel and emotionally salient stimuli
The regions in which placebo administration increased the
(Watkins and Mayer, 1982; Akil et al., 1984; Kalin et al., 1988;
endogenous opioid neurotransmission primarily coincided with
Rubinstein et al., 1996; Sora et al., 1997; Nelson and Panksepp,
that observed by Wager et al. (2004) as reductions in pain1998; Smith et al., 1998; Filliol et al., 2000; Drolet et al., 2001;
induced metabolic demands as measured by fMRI during plaZubieta et al., 2001, 2003a; Moles et al., 2004). It therefore has the
cebo administration (i.e., prefrontal cortex, pregenual anterior
potential to affect not only placebo-induced analgesic effects but
cingulate, and insular cortex). The regions implicated in the plaalso a number of other physiological functions.
cebo analgesic effect were part of those in which prominent enA recent study (Zubieta et al., 2005a) directly examined
dogenous opioid neurotransmission and -opioid receptor popwhether the introduction of a placebo with expectation of analulations are present in humans (Gross-Isseroff et al., 1990;
gesia activates endogenous opioid neurotransmission, using PET
Gabilondo et al., 1995). The rostral anterior cingulate had also
and a -opioid receptor-selective radiotracer. Under these conditions, activation of this neurotransmitter system is evidenced
been noted to be more prominently activated in high placebo
by reductions in the in vivo availability of synaptic -opioid reresponders after -opioid agonist administration (Petrovic et al.,
ceptors to bind the radiolabeled tracer (Zubieta et al., 2001, 2002,
2002).
2003b; Bencherif et al., 2002).
This work takes the investigation of placebo effects directly
The activation of the endogenous opioid system and -opioid
into the realm of human brain neurotransmission, addressing the
receptors was compared between sustained pain and sustained
effects of cognitive expectations on neural chemical functions.
pain plus placebo conditions in a sample of 14 healthy males,
The results presented are consistent with reports implicating the
aged 20 –30 years. Significantly higher levels of activation were
endogenous opioid system in the mediation of placebo analgesic
obtained for the condition in which placebo was administered.
effects, previously examined by their blockade after the systemic
After correction for multiple comparisons, statistically signifiadministration of naloxone (Gracely et al., 1983; Grevert et al.,
cant effects of placebo on -opioid system activation were ob1983; Levine and Gordon, 1984; Benedetti, 1996; Amanzio and
tained in the left (ipsilateral to pain) dorsolateral prefrontal corBenedetti, 1999).
tex (DLPFC) [at Brodmann areas (BA) 8 and 9], pregenual rostral
Examination of the individual data also highlighted that
right (contralateral) anterior cingulate (BA 24 and 25), right
changes in neurochemical signaling induced by the introduction
(contralateral) anterior insular cortex, and left (ipsilateral) nuof a placebo did not represent an on– off phenomenon but rather
cleus accumbens (Fig. 3). A second area within the contralateral
a graded effect that was influenced, with relative independence,
insular cortex, in its posterior region, also showed changes in
by a number of brain regions with complex “integrative–motiva-
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Figure 4. Individual data points for the magnitude of regional -opioid system activation in
response to the placebo intervention. Individual data points for the change in the binding
potential measure (-opioid receptor availability in vivo; Bmax /Kd ) from the pain condition to
the pain plus placebo condition. A threshold of 10% increase in the activation of this neurotransmitter system, evidenced as a reduction in the binding potential measure during the placebo
condition, was used to identify individuals that responded with a robust placebo effect on the
activation of this system in each of the regions (dotted line). Colors depict the data for each
individual subject to highlight regional differences in the individual placebo response. ACing_Rostral, Rostral (pregenual) region of the anterior cingulate; DLPFC_Left, left dorsolateral
prefrontal cortex; Insula_Right, right insular cortex; N.Acc._Left, left nucleus accumbens.

tional” functions. For example, some subjects presented with
profound neurochemical responses to the placebo intervention
in some but not other regions (Fig. 4). Multiple regression analyses were then conducted to examine whether individual differences in the pain experience (i.e., the analgesic placebo effect
serves an adaptive function in the face of increased needs to reduce the individual experience of pain) could be driving some of
the variations in the neurochemical response to the placebo. A
multiple regression model that included sensory and affective
qualities of pain, a measure of pain sensitivity, and the internal
affective state of the volunteers during pain (in the absence of
placebo) described 40 – 65% of the variance in the subsequent
regional neurochemical responses to placebo. When the individual items in the model were examined, the internal affective state
of the volunteers during pain (as measured with the Positive and
Negative Affectivity Scale) and the affective quality of the pain (as
measured with the MPQ pain affect subscale) were the only items
reaching statistically significant correlations with regional endogenous opioid release after placebo administration. This was the
case in the dorsolateral prefrontal cortex, pregenual anterior cingulate, anterior insular cortex, and nucleus accumbens (Zubieta
et al., 2005b).
The studies and analyses presented above demonstrate that
expectation of analgesia is an important factor in the engagement
of objective, neurochemical antinociceptive responses to a pla-
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cebo and, furthermore, that these processes appear to involve the
expectations of the perceived analgesic efficacy of the placebo, an
effect that is mediated by endogenous opioid neurotransmission
in the dorsolateral prefrontal cortex. However, a substantial proportion of the variance in the regional neurochemistry of placebo
analgesia was explained by the experience of pain itself. In this
regard, variations in pain sensitivity, in the affective qualities of
the pain, as well as the internal affective state of the individual
during pain explained a substantial proportion of the variance in
the formation of the placebo analgesic effect. These findings seem
to support the concept that placebo responses form part of adaptive mechanisms engaged as a function of the perceived needs of
the organism, with modifiers, such as negative affective states,
further regulating those responses. They also suggest that the
study and understanding of individual variations in placebo responses is further complicated by the individual responses to the
process (e.g., clinical pain) for which relief is expected.
These data are additionally consistent with the notion that
placebo-responding regions and neurochemical systems (e.g., the
endogenous opioid system and -opioid receptors) are an intrinsic part of neuronal processes that mediate the interaction between positive environmental conditions (in the present case the
suggestion of analgesia) and the corresponding physical and
emotional responses of the individual. From a different perspective, disruptions in the function of these normal regulatory processes [e.g., dorsolateral prefrontal atrophy in chronic pain patients (Apkarian et al., 2004)] may explain the typically lower
rates of placebo responding in the more persistent or severe
forms of various illnesses. These may further represent points of
vulnerability for the expression or maintenance of various pathological states.
Functional neuroanatomy of placebo analgesia
A recent fMRI study investigated the effects of expectations of
placebo analgesia in a thermal pain model (Wager et al., 2004b).
It used a single-trial design to separate activity induced by placebo treatment in anticipation of pain from subsequent changes
in pain processing. In addition, the investigators defined painresponsive regions of interest in the group of participants and
looked for evidence of decreased pain response in these regions
with the placebo. Comparing results across two separate studies
in different pain modalities provided convergent evidence for the
reliability of findings. Evidence for prefrontal cortex increases
during expectation of pain would suggest that placebo expectancies are active neurobiological processes that involve the frontal
lobes. Evidence for decreases during pain would suggest that placebo treatment alters nociceptive sensory and/or affective processing, not just retrospective judgments about pain (Kienle and
Kiene, 1997; Hrobjartsson and Gotzsche, 2001, 2004).
Placebo treatment decreased both reported pain and painevoked activity in the brain. There was a 22% reduction in reported pain ( p ⬍ 0.001), with ⬎70% of participants showing
placebo-induced reductions. Although placebo effects were significant in both experiments in this study, these particularly large
effects were induced in experiment 2 using an expectancy manipulation procedure to enhance belief in the placebo (Price et al.,
1999). Placebo also diminished the brain responses in a subset of
pain-responsive regions, including the anterior insula and thalamus (contralateral to stimulation) and the anterior cingulate cortex. Furthermore, the greatest placebo effects in pain response
were found late in stimulation. These late effects suggest that a
substantial portion of the placebo response may reflect a modulation of limbic and paralimbic regions that are involved in the
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for experiment 2 shown in Fig. 5). These
results indicated that placebo treatment
engaged active prefrontal processing
mechanisms, and their colocalization with
activations from studies of working memory and cognitive control suggest that
these regions may play a general role in
representing expectancies and other elements of situational context across both
cognitive and affective domains.
The gate control theory posits and
much subsequent work on central regulation of pain has shown that the periaqueductal gray (PAG) exerts central control
over spinal pain pathways (Melzack and
Wall, 1965; Fields, 2004). The PAG receives projections from insula, anterior
cingulate, nucleus accumbens, amygdala,
and frontal cortex (Bragin et al., 1984; Ma
and Han, 1991; Rizvi et al., 1992). Microstimulation of ventrolateral OFC in rats
transiently attenuates nociceptive reflex
responses, and this effect is blocked by lesion of the PAG (Zhang et al., 1997, 1998).
Consistent with the notion that descending control is a mechanism of placebo analgesia, placebo treatment by Wager et al.
(2004) induced activity in PAG during anticipation of pain. Surprisingly, the strongest increases were linked in time to the
onset of the warning cue signaling upcoming pain. In addition, these increases were
positively correlated with increases in OFC
Figure 5. Placebo-induced increases (placebo-controlled) in anticipation of pain (top left and slices at right) and during pain and DLPFC (Fig. 5), suggesting that opioid
experience (bottom left) (from Wager et al., 2004). The threshold for display is set at p ⬍ 0.005, with the additional constraint of systems are engaged by positive expectations of analgesia.
replication of effects within 10 mm across experiments 1 and 2. For space reasons, selected activations are shown.
However, this interpretation must be
viewed cautiously. PAG neurons project
appraisal of pain. Activity in the anterior cingulate and, in particupwards to the telencephalon as well as downwards to the spinal
ular, the anterior insula is associated with the subjective expericord, and it may well be that PAG modulates the central repreence of pain (Craig et al., 2000) and other aversive emotional
sentation of pain through the activation of opioid release in corstates (Wager et al., 2003; Singer et al., 2004; Wager and Feldman
tical and limbic regions (Zubieta et al., 2005a). Another issue is
Barrett, 2004). Paradoxically, placebo-induced increases in activthe timing of PAG activity, which was found during expectation
ity were found in secondary somatosensory cortex. Clearly, fubut not during pain. One explanation may be that both placebo
ture studies must disentangle the roles of each region of the “pain
and pain itself may increase PAG activity. During pain, placebomatrix” in pain processing, and interventions such as the ones
induced increases in PAG may be offset by decreases attributable
described in this symposium can provide leverage points for
to reduced pain processing. This issue highlights the potential
characterizing the function of the system.
fruitfulness of separating brain measures of expectation and exBecause placebo-induced expectancies are formed and mainperience in disentangling the functions of interlocking feedback
tained in anticipation of pain, fMRI signal in the prefrontal cortex
circuits in the brain.
during pain anticipation might reflect the generation and mainAs reviewed above, there is ample evidence that expectancytenance of placebo-related expectancies. It was hypothesized that
based placebo effects are mediated by endogenous opioids. Fuplacebo treatment would induce increases in DLPFC (BA 9 and
ture studies may clarify the role of opioids in descending control
46) and ventrolateral prefrontal cortex (VLPFC) (BA 45 and 47)
versus modulation of affective elements of pain. The functions of
because of their roles in generating and maintaining cognitive
descending and ascending opioid projections may be closely couexpectancies that guide memory retrieval and attention. Activity
pled; indeed, given the recurrent connectivity that is a hallmark of
in these regions is also thought to play a key role in shaping
brain circuitry, it would be surprising if they were not. However,
perceptual processing in posterior brain regions (Posner, 1980;
they may be functionally separable; the issue at stake is the level of
Allport, 1989; Desimone and Duncan, 1995; Handy et al., 2001).
the CNS at which nociceptive signals are modulated by placebo.
During the anticipation of pain, placebo increased activity in
This review focuses on the effects of expectation, which may
DLPFC, orbitofrontal cortex (OFC) (BA 11), and rostral dorsal
be directly linked to opioid activity that relieves pain. Positive
anterior cingulate cortex (BA 24). Lateral and medial frontal inexpectations may also induce changes in several other systems
creases with placebo continued through the pain period (results
that could impact pain: they could increase positive emotions and
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activate incentive motivational (“reward”) systems, as suggested
by the recent results of Zubieta et al. discussed above, or they
could decrease anxiety. Little is known yet about the scope of
psychological and neural systems that may be affected by placebo.
However, the fMRI studies of Wager et al. (2004b) provide a hint
that placebo treatment for pain may act by reducing anxiety:
placebo-induced decreases in anticipatory responses were found
in the amygdala and temporal poles, both of which have been
associated with aversive expectancies (Phelps et al., 2001; Wager
et al., 2003; Ochsner et al., 2004; Petrovic et al., 2005). Indeed, a
recent study examining placebo-induced anxiolytic effects shares
several key regions in common with Wager et al. (2004b), including rostral anterior cingulate cortex and OFC (Petrovic et al.,
2005) (see Fig. 8). Changes in both anxiety and incentive motivational systems have widespread consequences for the organism, and more research is needed to understand the effects beliefs
and expectations exert on brain function and the mechanisms by
which they do so.
Neural responses to placebo in clinical trials
of antidepressants
Major depression is another useful model to examine neurobiological mechanisms of the placebo effect, because placebo responses are common in antidepressant trials of many interventions, including medication, psychotherapy, and somatic
treatments (DeRubeis et al., 1999, 2005; Kirsch and Sapirstein,
1998; Enserink, 1999; Khan et al., 2000; Quitkin and Klein, 2000;
Quitkin et al., 2000; Walsh et al., 2002; Koerselman et al., 2004).
As in clinical trials for other medical conditions, the effectiveness
of a new antidepressant is determined by comparing an active
treatment with a controlled comparison condition. Because there
are a number of proven treatments for major depression, it has
been suggested that placebo-controlled studies are no longer appropriate for testing potential new treatments. However, evidence of significant and increasing rates of placebo response in
published antidepressant trials has justified their continued use
(Khan et al., 2000; Andrews, 2001; Walsh et al., 2002). Complicating the picture of determining the efficacy of a new treatment
in light of significant placebo effects is the additional confound of
improvement in depressive symptoms attributable to the natural
history of the disorder. Together, these synergistic effects have
been interpreted by some as evidence that the active intervention
actually contributes a relatively small percentage to the observed
efficacy rates of published antidepressant drug trials (Kirsch and
Sapirstein, 1998). Such observations of significant short-term
placebo response rates are in contrast to continuation studies that
demonstrate a significant advantage of maintenance medication
over continued placebo treatment in preventing relapse and recurrence (Frank et al., 1990; Montgomery, 1996; Stewart et al.,
1998, McGrath et al., 2000). These findings lay critical foundation
for the design of experiments targeting placebo effect mechanisms, because the clinical data suggest that such effects are not
sustained long term.
As outlined previously, the study of the placebo effect is the
study of the psychosocial context specific to a particular trial
situation that includes the expectation of clinical improvement
and conditioning (Colloca and Benedetti, 2005; Finniss and
Benedetti, 2005). Clinical practice works to maximize and reinforce the effects of expectation and conditioning but in the setting
of a known effective treatment. Research trials, conversely, are
focused on detecting significant clinical effects that can be unambiguously attributed to the active treatment under investigation
and therefore work to reduce these phenomena. Thus, a standard
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6 – 8 week double-blind, placebo-controlled clinical study would
appear to provide a unique opportunity to examine synergistic
mechanisms mediating depression remission, including those
specific to the active treatment as well as those involved in expectation and conditioning, i.e., placebo effects. From this perspective, one might presume that the identification of pure placebomediated response changes would reveal a “final common
pathway” for depression remission because the placebo group
would be unaffected by nonspecific drug, cognitive, or lesion
effects evoked by the medication, psychotherapy, or surgical procedure under investigation. As will be illustrated below, this presumption is likely incorrect, because mechanisms mediating different antidepressant treatments are themselves diverse. Instead,
placebo effects seen with different treatments are more likely to
track closely with the active treatment to which they are experimentally paired. To test such a hypothesis, studies of wellvalidated, efficacious treatments are needed to define these purported intervention-specific and response-specific effects.
Before examining neurobiological changes associated with
placebo effects using either established or novel treatments, it is
also important to consider the unavoidable confounds inherent
in clinical studies of depressed patients. Given the current availability of a number of approved, effective treatments for depression, new trials of novel interventions rarely recruit treatmentnaive or first-episode patients and, as such, are potentially
influenced by the knowledge (expectation) of the anticipated
clinical endpoint (i.e., recovery or remission) as well as past conditioning and learning as to the usual time course of change in
symptoms with similar treatments (i.e., other medications).
Studies of first-episode, never-before-treated patients provides
the most theoretically ideal design to study these conditioning
and expectation effects because these patients have no experience
with either clinical recovery or the trajectory of symptom improvement. Unlike single-dose trials of an intervention such as
the intravenous analgesia or intraoperative DBS studies described previously, it is generally considered unethical to include
a negative expectation control condition during a multi-week
depression trial. Furthermore, antidepressants do not work
acutely, requiring on average a minimum of 3 weeks to see clinical
effects. The mandates of informed consent actually require disclosure of the possible time course of likely change in target
symptoms as well as the nature and scope of all potential side
effects (Barsky et al., 2002), further prohibiting such a control
group. The role of personality and dispositional factors such as
optimism (or the antithesis) are now also being reconsidered as
important contributors (Geers et al., 2005). Taking these various
factors into account, repeated poor response to previous treatments might actually be predicted to result in lower placebo response to a novel intervention because of negative expectation
and conditioning (Gunstad and Suhr, 2001). This hypothesis,
however, would appear to be contradicted by findings of consistently low placebo rates with somatic treatments such as electroconconvulsive therapy (ECT), although the typical patient has
generally already failed multiple previous interventions (Pagnin
et al., 2004). Such observations, nonetheless, suggest a more complex interaction between mechanisms mediating expectation and
conditioning effects for a given antidepressant treatment and the
heterogeneity of the depressed patient population under study.
These factors necessitate caution in both the design and interpretation of studies examining explicit placebo effects in what is
often a heterogeneous group of depressed subjects.
With these variables in mind, PET measures of regional glucose metabolism [using the fluorodeoxyglucose (FDG) method]
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pating in an inpatient, randomized,
placebo-controlled study of the approved
antidepressant fluoxetine (Mayberg et al.,
2000, 2002). Scans were acquired at three
time points: before treatment (baseline)
and again after 1 and 6 weeks of treatment.
Brain changes associated with clinical response (6 weeks of treatment relative to
baseline) were first assessed separately for
the active drug and placebo groups;
change patterns were then compared. Anatomically concordant metabolic changes
were seen with both active fluoxetine and
placebo response: increases in prefrontal
(at BA 9/46), parietal (BA 40), and posterior cingulate (BA31), and decreases in
subgenual cingulate (BA 25) (Fig. 6, rows
1, 2). The magnitude of regional fluoxetine
changes was generally greater than placebo. Unique to fluoxetine were additional
increases in pons and decreases in caudate,
insula, and hippocampus, regions with
known efferent connections to both subgenual cingulate and prefrontal cortex, in
which changes were seen in both groups.
Figure 6. Changes in regional glucose metabolism (FDG PET) in fluoxetine (top), placebo (middle), and cognitive (bottom) There were no regional changes unique to
therapy responders measured before and after a standard course of each respective treatment. Axial (left), sagittal (middle), and
placebo at 6 weeks. Unfortunately, there
coronal (right) views; increases are in red, and decreases are in blue. The fluoxetine and placebo group were studied as part of the
were inadequate numbers of placebo nonsame double-blind controlled experiment. A common pattern of cortical increases and limbic–paralimbic decreases is seen in both
groups, with the active fluoxetine group showing additional changes in the brainstem, hippocampus, insula, and caudate. In responders completing the 6 week trial to
contrast, CBT response is associated with a distinctly different pattern: dorsolateral and medial frontal decreases and hippocampal evaluate placebo nonresponse patterns.
Although not tested by an extended
increases. These findings suggest that the placebo changes are unlikely attributable to passive psychotherapy effects but rather
specific effects attributable to the effects of expectation and conditioning facilitated by the psychosocial context of the trial. Slice continuation study, it was speculated from
location is in millimeters relative to anterior commissure. Numbers are Brodmann designations. ACing, Subgenual cingulate BA these findings that the hippocampal,
25; PCing, posterior cingulate; P, pons; Hc, hippocampus; PFC, prefrontal cortex BA 9; Ins, anterior insula; Cau, caudate; OFC, orbital brainstem, striatal, and insula changes
frontal cortex BA 11; MFC, medial frontal cortex BA 9.
seen uniquely in drug-treated responders
might be important to clinical response
and regional CBF have proven to be sensitive indices of brain
long term. In support of this argument, failed response to active
function in both the untreated depressed state and after various
fluoxetine was associated with persistent hippocampal increases
treatments. Changes in cortical (prefrontal and parietal), limbic–
and posterior cingulate decreases, the pattern seen in all active
paralimbic (cingulate, amygdala, and insula), and subcortical
drug-treated subjects after 1 week of treatment, regardless of
(caudate/pallidum, thalamus, and brainstem) regions have been
eventual outcome (Mayberg et al., 2000). The reversal of the week
described after such diverse treatments as medication, psycho1 pattern at 6 weeks in responders suggested a process of neural
therapy, sleep deprivation, ECT, repetitive transcranial magnetic
adaptation in specific brain regions over time with chronic treatstimulation ablative surgery, and DBS (for review, see Mayberg,
ment. The presence of an inverse pattern in responders and non2003). Although normalization of frontal abnormalities is the
responders further suggests that failure to induce these adaptive
best-replicated finding, other regional effects are commonly rechanges may underlie treatment nonresponse. These responder–
ported with variable patterns with different treatments. These
nonresponder differences are also consistent with the time course
modality-specific effects are consistent with the hypothesis that
and location of changes identified in animal studies of selective
different interventions modulate specific regional targets, resultserotonin reuptake inhibitors antidepressants that emphasize
ing in a variety of complementary, adaptive chemical and molecearly brainstem and hippocampal changes and late cortical effects
ular changes sufficient to reestablish a euthymic, remitted state
(Duman et al., 1999; Freo et al., 2000; Blier, 2001; Vaidya and
(Hyman and Nestler, 1996; Vaidya and Duman, 2001). The funcDuman, 2001).
tional neural architecture of these observed change patterns proWithout a comparable study contrasting sham treatment to a
vides a foundation to examine putative brain mechanisms medidifferent active treatment modality such as cognitive or psychoating placebo effects under comparable treatment conditions. If
therapy, one could easily conclude from this study that the subexpectation and conditioning are the principle mediators of such
genual cingulate and prefrontal changes shared by both active
effects (Colloca and Benedetti, 2005; Finniss and Benedetti,
and sham medication reflect a final common pathway for depres2005), one would predict comparable patterns between active
sion remission. At the time these data were first analyzed, there
and sham-treated responders in a given experiment, if pathways
were not yet published studies demonstrating consistent
mediating expectation and conditioned learning are not otherpsychotherapy-specific or cognitive therapy-specific patterns
wise impaired (for review, see Schultz, 2002).
(with or without a sham condition) to negate such a conclusion.
To first test this hypothesis, cerebral glucose metabolism was
Another problem was that the 6 week scan findings provided no
measured using FDG PET in a group of depressed men particireal clues as to which regions were most likely linked to either
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expectation or conditioning, the putative
mechanisms of placebo effects. Two subsequent studies addressed these open
issues.
First, the issue of nonspecific but
known therapeutic effects of the inpatient
environment were considered. If the common subgenual and prefrontal changes
seen in the fluoxetine-placebo study were
in fact attributable to nonspecific psychological effects, one would expect similar
and likely more robust changes with a
more formal course of a specific psychological intervention. Contrary to this hypothesis, recent studies of clinical response
to either cognitive behavioral therapy
(CBT) (Goldapple et al., 2004) or interpersonal psychotherapy (IPT) (Brody et al.,
2001; Martin et al., 2001) demonstrate
very different regional brain change patterns from those seen with placebo (May- Figure 7. Time course of regional metabolic changes in drug nonresponders (left), drug responders (middle), and placebo
berg et al., 2002). Both CBT and IPT are responders (right). Ventral striatal and orbital frontal increases are seen uniquely at 1 week (Fig. 8, top panel; middle and right
images) of both active and sham treatment in those patients that go on to show clinical response at 6 weeks. Such changes are not
associated with prominent prefrontal de- seen in patients who failed to respond (left image) and are no longer present in either group of responders once clinical remission
creases with other regional effects specific has been achieved (6 week time point; bottom). In contrast, response-specific changes in prefrontal cortex and subgenual
to each psychotherapy strategy. With clin- cingulate are seen only at 6 weeks (bottom) and not at the 1 week time point. VST, Ventral striatum; OFC, orbital frontal cortex BA
ical response to cognitive behavioral ther- 11; MFC, medial frontal cortex; ACing25, subgenual cingulate BA 25; PFC, prefrontal cortex BA 9; Ins, anterior insula; ACing24,
apy, additional changes were seen in re- anterior cingulate BA 24.
gions not targeted by medication,
including the orbital frontal and medial
and Cooper, 2005, among many). Although beyond the scope of
frontal cortex and dorsal anterior cingulate (Fig. 6, bottom).
this symposium, studies further demonstrate that dopamineThe change patterns seen with these specific psychotherapies
mediated striatal activity, when paired with specific sensory stimprovide preliminary evidence refuting the hypothesis that plauli, can enhance corticocortical connections and facilitate neural
cebo response is mediated by changes in a common antidepresplasticity, in keeping with the behavioral salience of the stimuli
sant response pathway. These findings additionally suggest that
(Bao et al., 2001).
placebo response is also not the result of uncontrolled, nonspeExtrapolating liberally from these many preclinical expericific psychological treatment effects. Brain changes with placebo
ments, metabolic changes occurring at 1 week of fluoxetine (or
response, in fact, most closely match the active drug-response
sham) treatment relative to baseline were assessed as a function of
pattern to which it was experimentally yoked (conditioned), simeventual 6 week response outcome, during what one might conilar to that seen in acute placebo-controlled experiments dissider a period of ongoing expectation for clinical benefit (i.e.,
cussed elsewhere in this review (i.e., striatal dopamine changes
delivery of reward). Because none of the patients showed any
with both dopamine agonist and sham medication for Parkinsigns of clinical improvement at this 1 week time point, differson’s disease; cingulate and brainstem blood flow changes with
ences between eventual drug responders, placebo responders,
acute opiate and placebo opiate analgesia) (de la Fuenteand drug nonresponders were interpreted as an index of the exFernandez et al., 2001; Petrovic et al., 2002). Obviously, a
pectation component of the later antidepressant response. It was
placebo-controlled CBT trial will be necessary to fully definitely
postulated that such reward expectation effects would be most
test the hypothesis that placebo-response changes mirror the sperobust in those patients who went on to do well compared with
cific intervention to which they are paired, meaning that placethose patients that failed to improve (i.e., successful conditioned
bo–CBT would be anticipated to overlap true CBT changes, not
expectation). It was further speculated that this “expectation”
those seen with placebo medication. A wait-list control group will
pattern would involve different regions than those defining the
also be needed to address effects potentially attributable to spontime course of active medication effects (hippocampal and braintaneous remission with either treatment.
stem increases, posterior cingulate decreases). As illustrated in
Last, and not yet addressed by the previous analyses, is the
Figure 7, there were in fact unique ventral striatal and orbital
specific contribution of expectation. Although the 6 week
frontal changes in both placebo and drug responders at 1 week of
placebo-controlled fluoxetine study was not designed to examine
treatment. Such changes were not seen in the eventual drug nonsuch effects explicitly, the availability of a scan early in the course
responders. Furthermore, this change pattern was not seen at 6
of treatment before clinical response combined with the known
weeks when the antidepressant response was well established,
and expected delay in clinical symptom changes with this class of
consistent with differential patterns of activity with expectation
medication has allowed for some exploratory analyses. Pertinent
and delivery of reward in animal models (Schultz et al., 2000;
to interpreting the results is converging evidence from animal
Knutson and Cooper, 2005). Additional multivariate analyses,
models and human imaging studies implicating the ventral striexamining the interaction of these ventral striatal changes with
atum and orbital frontal cortex in the expectation and delivery of
the rest of the brain over time, further identified an ongoing
reward during various conditioned learning paradigms (Ikemoto
and Panksepp, 1999; Schultz et al., 2000; Schultz, 2002; Knutson
correlation between ventral striatal activity and lateral prefrontal
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pear around the midrostral dorsal anterior
cingulate and neighboring superior medial
PFC. On the orbital surface, many peaks
are grouped around the medial orbital sulcus bilaterally.
Each of these regions, except those in
the OFC and right VLPFC, have been
shown to increase activation with delivery
of an opiate analgesic (Firestone et al.,
1996; Adler et al., 1997; Wagner et al.,
2001; Petrovic et al., 2002). Both dorsal
and ventral PFC have also been consistently activated in the voluntary positive
reinterpretation of the meaning of aversive
visual stimuli (Ochsner et al., 2002, 2004;
Levesque et al., 2003; Phan et al., 2005) and
correlated with reduced amygdala activation (Lieberman et al., 2005) and anxiety
(Bishop et al., 2004). In a study of placebo
regulation of affective responses to pictures, Petrovic et al. (2005) found placeboinduced activity in both DLPFC and
VLPFC and the midrostral cingulate. Both
increases in these areas and placeboinduced decreases in amygdala correlated
with larger placebo effects in reported
emotion. Rainville et al. (1997) found that
the same region of cingulate was modulated by hypnosis in a pain context. Although these different varieties of selfFigure 8. Regions of the frontal lobes showing increased activity in recent studies of self-regulation. Increases are shown for regulation have not been tested in the same
delivery of opiate analgesics compared with resting nondrug control states (blue letters), downregulation of aversive emotional
study, the colocalization of results suggests
experience (green) through emotional reappraisal, and placebo effects on pain or emotional processing (red). Some peaks reflect
that there may be a general system for selfregions for which increases in activity are correlated with reductions in negative emotional experience or pain. One exception is the
study by Bishop et al. (2004) (B), in which frontal activation was correlated with reduced state anxiety. Peak locations from the regulation that applies to both emotions
and pain and to both voluntary strategies
same study within 12 mm were averaged together for clarity of presentation.
and the externally generated appraisals
that produce placebo effects as well.
and subgenual cingulate changes at both the early and late time
At the psychological level, much work remains to be done to
points, which was predictive of clinical outcome with both active
disentangle the psychological mechanisms that may be driving
drug and placebo (data not shown). Such functional connectivity
these common activations and placebo effects. One hypothesis is
analyses are consistent with preclinical models of striatalthat placebo effects are driven by executive attention: appraisals
mediated cortical plasticity, although the role of dopamine in the
of safety may lead to increased use of self-distraction strategies.
depression study is unknown (Bao et al., 2001). Although future
Dorsal and ventral PFC are activated by a large class of cognitively
studies will require more explicit evaluations of patients’ expecdemanding conditions. Numerous studies of distraction from
tations during a specific clinical trial, these retrospective analyses
pain (for review, see Petrovic and Ingvar, 2002) also produce
demonstrate proof-of-principle that such studies can provide
activation in these regions. Meta-analyses of working memory
important clues as to the mechanisms mediating placebo effects
and executive attention have also revealed similar activation patin trials of diverse antidepressant treatments.
terns (Wager and Smith, 2003; Wager et al., 2004a).
Another hypothesis is that placebo effects reduce anxiety,
Relationship of placebo effects to other
which in turn reduces pain (Vase et al., 2003). This explanation
self-regulatory processes
does not seem sufficient to account for the widespread activation
A view of the results presented, particularly those in the field of
in frontal systems found across studies. However, the finding of
pain and in the context of other recent studies on self-regulation,
placebo-induced amygdala decreases suggests that the threat
is that the areas engaged by placebo may be part of a general
value of pain-predicting cues is decreased with placebo. A third
circuit underlying the voluntary regulation of affective responses.
alternative is that this network is subserving the process of meanFigure 8 shows data from 15 recent studies of placebo, regulation
ing generation and appraisal of current and predicted events
of emotions, and activation by actual opiate drugs. The superpo(Lazarus, 1991). Effective placebo treatment may engender and
sition of peak coordinates of increased activation in each of these
active reevaluation of the significance of pain, which engages
conditions reveals a set of frontal regions that appear to be conOFC and lateral prefrontal systems in the generation and mainsistently increased during diverse tasks in which negative affect
tenance of short-term context that biases ongoing nociceptive
must be suppressed. On the lateral surface, these regions include
and affective processing (Miller and Cohen, 2001). Clearly, a
the DLPFC, VLPFC, and possibly a third cluster of activations
complete psychological explanation of placebo effects remains to
around the rostral PFC. On the medial surface, two clusters apbe elucidated. However, as evidence from the neural and psycho-
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logical levels is gathered and integrated, we are gaining a surer
and more complete understanding of the human self-regulatory
faculties with which evolution has equipped us for effective social, emotional, and physical health.
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