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Abstract

The placebo effect has evolved from being thought of as a nuisance in
clinical and pharmacological research to a biological phenomenon
worthy of scientific investigation in its own right. It is now clear
that the term placebo effect is too restrictive and, in fact, many
placebo-related effects have recently been investigated. A placebo
effect differs from a placebo-like effect in that the former follows
the administration of a placebo, whereas in the latter no placebo
is administered. However, in both cases, the psychosocial context
around the treatment plays a key role. In recent years, placebo and
placebo-related effects have been analyzed with sophisticated bi-
ological tools that have uncovered specific mechanisms at both the
biochemical and cellular level. This recent research has revealed that
these psychosocial-induced biochemical changes in a patient’s brain
and body in turn may affect the course of a disease and the response
to a therapy.
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INTRODUCTION

By looking through PubMed and inserting the search word “placebo,” more than
115,000 papers can be found. Most of the papers are clinical trials in which an ac-
tive treatment is compared with a placebo, some are reviews about placebo effects in
pharmacotherapy and psychotherapy, and others are papers dealing with both social
and philosophical implications of the placebo phenomenon. In recent years, an in-
creasing number of studies have approached the placebo effect as a psychobiological
phenomenon worthy of scientific inquiry and have investigated it with sophisticated
neurobiological tools, from neuropharmacology to neuroimaging and from single-
neuron recordings in awake patients to in vivo receptor binding. Indeed, in recent
times, the placebo effect has passed from a nuisance in clinical research to a target of
investigation, and our understanding of its underlying mechanisms is improving, as
more and more researchers get involved in its study.

The widespread use of the word placebo in the medical literature, and its use
in many experimental procedures, is clear evidence of the importance of this phe-
nomenon in modern biomedical sciences. If one considers that the current clinical
approach of evidence-based medicine, which in most cases is related to therapeutics,
relies on the superiority of a treatment compared with a placebo, the central role of the
placebo emerges even more. Although any treatment that is used in routine medical
practice, be it pharmacological or not, should be better than a placebo, this holds true
mainly in mainstream medicine. By contrast, there are many circumstances in which
this methodological and ethical principle is partially or completely ignored. Many
over-the-counter drugs as well as complementary and alternative treatments are mar-
keted even though there are serious doubts that they are more efficacious than place-
bos; thus, mainstream science often consider them nothing but placebos, i.e., inert.

Knowledge of placebo effects is therefore essential in modern medicine, and the

crucial questions to be answered are “where,” “

when,” and “how” placebo effects
work. Pharmacological research, particularly clinical pharmacology, is involved in
this issue more than other disciplines, as the use of placebos for the validation of drug
effectiveness represents one, if not most, of the tenets of many therapeutic trials.

However, in spite of the widespread use of the terms placebo and placebo ef-
fect, they undoubtedly represent a source of confusion and misconception, and their
meaning is often used inappropriately and confused with other phenomena (1). For
example, when a placebo is given to a group of subjects in a clinical trial, the reduction
of a symptom that follows its administration can be due to many causes, such as the
natural history and the regression to the mean of the symptom. The former is the
spontaneous remission of the symptom and occurs regardless of any treatment being
administered. The latter is a statistical phenomenon whereby a measurementin a clin-
ical trial tends to be higher at a first evaluation compared with a second assessment.
Because of the occurrence of these different phenomena, the reduction of a symptom
following placebo administration in a clinical trial can be caused by multiple factors
and may therefore represent the sum of spontaneous remission plus regression to the
mean, the true placebo response (i.e., a real psychobiological phenomenon), or some
other factors (e.g., the patient’s biases).
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For the sake of simplicity and clarity, people that study the placebo effect tend
to use the terms placebo effect and placebo response interchangeably to mean a real
psychobiological phenomenon, having nothing to do with other phenomena, includ-
ing spontaneous remission, regression to the mean, and patient bias. Therefore, the
placebo effect, or response, is a biological phenomenon that s due to the psychosocial
context of the patient and the therapy. It is important to point out that contextual
and social stimuli may affect the patient’s brain and body in many ways, such that
there is not a single placebo effect but instead many, each with different mechanisms
and in different systems and diseases (1, 2). Recently, it has also emerged that the
term placebo effect is too restrictive and should be extended to related phenomena
that share similar mechanisms. Thus, as described throughout this review, besides
classical placebo effects, one can describe several placebo-related effects which are
characterized by the fact that no placebo is administered.

Although many placebo and placebo-related effects have been described in differ-
ent diseases and therapeutic interventions, in this review I consider only those effects
for which we know at least some neurobiological mechanisms (Table 1). In addition,
there are numerous studies in which clinical placebo effects have been described but

Table 1 Summary of the mechanisms of placebo and placebo-related effects across diseases/systems and treatments

Disease/System

Treatment

Mechanism

Pain

Placebo administration

Nocebo administration

Verbal suggestions

Open versus hidden administration

Expectation-induced activation of endogenous
opioids and cholecystokinin as well as of several
brain regions

Parkinson’s disease

Placebo administration

Nocebo administration

Verbal suggestions

Open versus hidden administration

Expectation-induced release of dopamine in the
striatum and changes of firing pattern of
subthalamic nucleus neurons

Depression Placebo administration Changes of metabolic responses in different brain
regions (inhibition of serotonin reuptake?)
Anxiety Placebo administration Change of activity of some brain regions
Open versus hidden diazepam
Addiction Expected versus unexpected Changes of metabolic activity in different brain

methylphenidate

regions

Autonomic responses to
deep brain stimulation

Open versus hidden deep brain
stimulation

Change of neuronal excitability in
associative/limbic regions

Cardiovascular system

Placebo administration

Reduction of B-adrenergic activity of the heart

Respiratory system

Pharmacological preconditioning with
buprenorphine

Conditioning of opioid receptors in the
respiratory centers

Immune system

Pharmacological preconditioning with
immunosuppressive drugs (e.g.,
cyclophosphamide and cyclosporin A)

Conditioning of some immune mediators (e.g.,
IL-2, IFN-y, lymphocytes)

Endocrine system

Pharmacological preconditioning with
5-HTp-1p receptor agonists
(sumatriptan)

Conditioning of some hormones (e.g., growth
hormone, cortisol)
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the underlying mechanisms are completely unknown. These studies, albeit interest-
ing and promising, are awaiting confirmation and a better mechanistic understanding,
and therefore are not considered in this review.

PLACEBO EFFECTS

By definition, a placebo effect is the effect that occurs following the administration
of a placebo, that is, of an inert treatment. Therefore, any psychobiological effect on
the brain and/or the body that follows the administration of a placebo can be called,
in its own right, a placebo effect or placebo response. It is important to stress that
the inert treatment is given along with verbal suggestions of clinical improvement
thereby making the patient believe that the treatment is real and effective. Albeit
apparently obvious, it is crucial to note that the inert treatment (e.g., a sugar pill
or a saline solution) never acquires therapeutic properties, so a pharmacologically
inert substance will always remain inert. What matters is the verbal suggestion of
clinical benefit or other sensory stimuli in the therapeutic context (e.g., the sight
of a syringe) that anticipate the benefit (1, 3, 4). Recent meta-analyses indicate that
placebo effects are not always present (5, 6), and that their mechanisms should be
investigated under strictly controlled conditions in an experimental, rather than in
the clinical trial, setting (7).

Expectation of Benefit

The patient’s expectation of clinical benefit has been found to play a critical role in
many placebo effects (8, 9), and this may occur in association with emotions (10).
In a typical study of this kind, a placebo is given along with verbal suggestions that
clinical improvement should be expected shortly. To rule out other phenomena, such
as spontaneous remission, the group that receives the placebo is compared with a
group that does not receive treatment, the so-called no-treatment or natural history
group. The latter gives us information about the natural course of the symptoms or
disease. Therefore, the difference between the outcome in the placebo group and
in the natural history group represents a measure of the biological placebo effect or
response.

Pain. A modulation of pain perception by placebos that is dependent on expectation
has been shown by many studies (8, 9, 11). In one study (11), one group of subjects
were administered a pharmacological preconditioning with ketorolac, a nonopioid
analgesic, for two consecutive days and ketorolac was then replaced with a placebo
on the third day along with verbal suggestions of analgesia. This procedure induced
a strong placebo analgesic response. To see whether this placebo response was due to
the pharmacological preconditioning, in a second group of subjects the same precon-
ditioning procedure with ketorolac was carried out but the placebo was given on the
third day along with verbal suggestions that the drug was a hyperalgesic agent. These
verbal instructions were enough not only to block completely placebo analgesia,
but also to produce hyperalgesia. These findings clearly show that placebo analgesia
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Placebo administration induces the activation of p-opioid neurotransmission in the
dorsolateral prefrontal cortex, anterior cingulate cortex, nucleus accumbens, and insula (12).
Because high doses of naloxone are necessary to block the placebo analgesic effect, 5 and «
receptors may also be involved (15). This placebo-activated antinociceptive opioid system
(green) is antagonized by a CCKergic pronociceptive system (blue, represented by the minus
sign). In fact, the CCK-antagonist, proglumide, is capable of potentiating placebo analgesia
(18). Proglumide is a nonspecific CCK-A/B receptor antagonist, as shown by the similar
binding affinity, expressed as the concentration required to inhibit by 50% the specific binding
of 1°1-Bolton-Hunter CCK-8 (ICs), for CCK-A and CCK-B receptors.

depends on expectation of a decrease in pain, even though a preconditioning analgesic
procedure is done.

Placebo-induced analgesia has been found to activate the endogenous opioid sys-
tems in some circumstances. For example, in vivo receptor-binding techniques with
the radiotracer carfentanil, a mu-opioid agonist, have shown that a placebo proce-
dure activates p-opioid neurotransmission in the dorsolateral prefrontal cortex, the
anterior cingulate cortex, the insula, and the nucleus accumbens (12) (Figure 1). In-
deed, some placebo analgesic responses can be blocked either partially or totally by
the opioid antagonist naloxone (13-16). Interestingly, the dose of naloxone necessary
to block placebo analgesia is as large as 10 mg, which suggests the involvement of
other opioid receptors, such as the 5 and k receptors (Figure 1). The binding affinity
of naloxone for these receptors is approximately 10-15 times lower than for the p
receptors, thus the large doses of naloxome may antagonize 5 and « receptors as well.

The activation of the opioid antinociceptive system by placebos has been shown to
be counteracted by a pronociceptive system that involves cholecystokinin (CCK). The
nonspecific CCK-A/B receptor antagonist proglumide has been found to potentiate
placebo analgesia (17, 18), and this may occur from the antiopioid action of CCK
(19) (Figure 1). These data suggest that the opioid and CCK systems have opposing
actions on pain perception, and may participate in the complex cognitive modulation
of nociception.

The involvement of the opioid systems in placebo analgesia is also shown by
the activation of some brain regions, such as the anterior cingulate cortex, by both
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p-opioid agonists, for example, remifentanil, and placebos, which suggests that opi-
oids and placebos share common mechanisms of action (20). Other brain imaging
studies have demonstrated the involvement of different regions in placebo analgesia,
for example, reduced brain activity in key areas involved in pain transmission, such
as the thalamus and insula (21-23).

The endogenous opioid systems are not the only mechanisms involved in placebo
analgesia; however, very little is known about such effects on nonopioid neurotrans-
mission. One example of nonopioid-mediated placebo response is represented by
previous exposure to a nonopioid drug, such as ketorolac (15). When ketorolac is
administered for two consecutive days and then replaced with a placebo on the third
day, the placebo analgesic response is not reversed by naloxone, which suggests that
specific pharmacological mechanisms are involved in a learned placebo response, de-
pending on the previous exposure to opioid or nonopioid substances. Another placebo
analgesic effect that is not mediated by opioids has been described in irritable bowel
syndrome patients (24).

Parkinson’s disease. Expectation plays a key role in Parkinson’s disease as well.
Expectation of either good or bad motor performance has been found to modu-
late the therapeutic effects of deep brain stimulation in Parkinson patients (25, 26)
and this effect is independent of previous conditioning (11). In a typical placebo
procedure in Parkinson patients, a placebo is administered along with verbal sugges-
tions of motor improvement. Parkinson’s disease is a movement disorder in which
at least three motor symptoms are involved: tremor, muscle rigidity, and bradykine-
sia (movements slow down). In a brain imaging experiment with positron emission
tomography (PET), the release of endogenous dopamine was assessed by using raclo-
pride, a radiotracer that binds to dopamine D2 and D3 receptors (27). After admin-
istration of a placebo that the patient believed to be apomorphine, a powerful anti-
Parkinsonian agent, dopamine was released in the striatum, corresponding to a change
0f 200% or more in extracellular dopamine concentration and comparable to the re-
sponse to amphetamine in subjects with an intact dopamine system. The release of
dopamine in the motor striatum (putamen and dorsal caudate) was greater in patients
who reported clinical improvement (Figure 2). In a more recent study (28), these
findings have been confirmed by using sham transcranic magnetic stimulation as a
placebo.

Interestingly, although in the studies by de la Fuente-Fernandez et al. (27, 29)
all patients showed dopamine placebo responses, only half of them reported motor
improvement. These patients also released larger amounts of dopamine in the dor-
sal motor striatum, suggesting a relationship between the amount of dorsal striatal
dopamine release and clinical benefit. This relationship was not present in the ven-
tral striatum in which all patients showed increased dopamine release, irrespective of
whether they perceived any improvement. Compared with the dorsal motor striatum,
the ventral striatum is involved in motivation and reward anticipation. Accordingly,
the authors proposed that the dopamine released in the ventral striatum was associ-
ated with the patients’ expectation of improvement in their symptoms, which could
in turn be considered a form of reward (Figure 2).
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The basal ganglia circuitry involved in Parkinson’s disease following placebo administration.
By using raclopride, which competes with endogenous dopamine for D2 and D3 receptors, a
release of dopamine in both the ventral and dorsal striatum has been demonstrated (27). The
former is associated with expectation of clinical benefit, whereas the latter with the benefit
itself. In a different study, the neurons of the subthalamic nucleus (STN) have been found to
decrease their firing rate and to change from a bursting to a nonbursting activity (30). GPe,
external globus pallidus; GPi, internal globus pallidus; SN, substantia nigra pars reticulata;
SN, substantia nigra pars compacta.

In a different experiment in Parkinson patients undergoing the implantation of
two electrodes for deep brain stimulation, the electrical activity from single neurons
was recorded in the subthalamic nucleus of awake patients after administration of a
placebo, which the patients believed to be apomorphine (30). The authors found a
change in the firing pattern of the subthalamic nucleus neurons during the placebo re-
sponse (Figure 2): There was a decrease in firing rate as well as a change from bursting
to nonbursting activity. These changes were correlated with both the patients’ sub-
jective reports of well-being and the muscle rigidity reduction at the wrist, as assessed
by a neurologist unaware of the nature of treatment each patient received. Although
itis tempting to speculate that these neuronal changes are due to dopamine release in
the striatum, the dopamine release and the single-neuron changes were observed in
two separate studies, thus no definitive conclusion can be drawn. Nonetheless, on the
basis of our knowledge about the basal ganglia circuitry (Figure 2), it is plausible that
a release of dopamine acting on the inhibitory D2 receptors disinhibits the GABA
neurons of the external globus pallidus, which, in turn, increase their inhibition onto
the subthalamic nucleus.

Depression. Evidence of significant and increasing rates of placebo responses in an-
tidepressant trials has been documented in several studies (31-33). Unlike single-dose
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trials of an intervention, such as the intravenous analgesia or anti-Parkinson acute
therapy studies described above, antidepressants do not work acutely, requiring on av-
erage a minimum of 2-3 weeks to see clinical effects. Therefore, investigating placebo
effects in depression is more problematic from both an ethical and methodological
point of view.

In a placebo-controlled study of fluoxetine, a serotonin reuptake inhibitor, PET
scans were acquired before and 1 and 6 weeks after treatment (34). Anatomically con-
cordant metabolic changes observed by PET were associated with clinical response
(6 weeks of treatment relative to baseline) in both the fluoxetine-treated and placebo
groups (Figure 3). These changes were characterized by increased activity in pre-
frontal, parietal, and posterior cingulate cortex, and decreases in subgenual cingulate
cortex. The magnitude of change observed with fluoxetine was generally greater than
with placebo. Unique to fluoxetine were additional increases in the activity of the
pons and decreases in caudate, insula, and hippocampus, that is, in regions with effer-
ent connections to both subgenual cingulate and prefrontal cortex in which changes
were seen in both groups. There were no regional changes unique to placebo after
6 weeks of treatment. Although no natural history group was run in these studies,
psychotherapy has been noted to induce brain changes that were different from both
fluoxetine and placebo treatment (2, 34). These differences rule out the hypothesis

At 1 week (before benefit)
Orbitofrontal cortex
Ventral striatum

Presynaptic
terminal

Placebo _.

treatment

Fluoxetine :

treatment

At 6 weeks (during benefit)
Anterior cingulate cortex
Posterior cingulate cortex
Prefrontal cortex

At 6 weeks (during benefit)
Caudate nucleus
Hippocampus
Insula
Pons

5-HT
Re-uptake

Figure 3

Therapy with placebo or fluoxetine of depressed patients has similar effects on the
orbitofrontal cortex and ventral striatum after 1 week of treatment and on anterior/posterior
cingulate cortex and prefrontal cortex after 6 weeks of treatment. By contrast, the caudate
nucleus, hippocampus, insula, and pons are affected by fluoxetine treatment only (34). Because
fluoxetine is a serotonin reuptake inhibitor, serotonin might be involved in the placebo
treatment. However, an alternative explanation is that serotonin reuptake inhibition may occur
in those regions affected by fluoxetine only, thus placebo treatment might act by a completely
different mechanism.
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that placebo responses are mediated by changes in a common antidepressant response
pathway. Moreover, they suggest that the antidepressant effect of placebo is not the
result of uncontrolled, nonspecific psychological treatment effects, as brain changes
associated to placebo therapy match those observed with the active drug.

Interestingly, there were unique ventral striatal and orbital frontal changes in both
placebo and drug responders after 1 week of treatment, that is, well before clinical
benefit (Figure 3). Thus these changes are not associated with the clinical response,
but rather appropriately to the expectation and anticipation of clinical benefit. Such
changes were seen neither in the eventual drug nonresponders nor after 6 weeks
when the antidepressant response was well established, consistent with an expectation
pattern of response (2, 34).

Because fluoxetine is an inhibitor of serotonin reuptake, it is tempting to speculate
that serotonergic mechanisms may be involved in the antidepressant effect produced
by placebos. However, as shown in Figure 3, at least two hypotheses can be envis-
aged. First, serotonin reuptake inhibition could be a common mechanism shared by
fluoxetine and placebo-induced expectation of clinical improvement. Second, sero-
tonin reuptake could be involved only in those brain regions that are affected by
fluoxetine, the placebo response being mediated by different mechanisms. Although
the long latency of the antidepressant action limits the ethical experimental approach
to the study of the placebo effect in depression, it should be of interest to devise new
experiments to better understand these mechanisms.

Anxiety. Some information is available regarding the mechanisms that underlie the
effect of placebos in anxiety. In one brain imaging study, it was found that treatments
with placebo can modulate emotional perception in the same way as occurs with pain
perception (35). On the first day of the experiment, subjects were treated with either
the benzodiazepine midazolam or the benzodiazepine receptor antagonist flumazenil
before the presentation of unpleasant pictures. As expected, midazolam reduced the
unpleasantness and flumazenil had an opposite effect. Therefore, on the first day, a
robust expectation of the treatment effect was induced. On the second day, the sub-
jects were told that they would be treated either with the same anxiolytic drug or the
anxiolytic blocker as administered the previous day. However, instead of receiving
the drugs, they received a placebo. The investigators found a significant and robust
placebo response (reduced unpleasantness) when the subjects thought they had been
treated with the anxiolytic drug, whereas no response occurred if they thought they
had received the anxiolytic blocker. In the same study (35), functional magnetic reso-
nance imaging (fMRI) showed that regional blood flow changed in both the anterior
cingulate cortex and lateral orbitofrontal cortex. Interestingly, this same circuit is also
involved in placebo analgesia (20, 21), which suggests that similar mechanisms are
involved in the placebo response of both emotional stimuli and analgesia.

Cardiovascular system. What is known regarding placebo mechanisms in the car-
diovascular system is the result of placebo analgesia studies. In one study, heart rate
during placebo-induced expectation of analgesia was found to be reduced (36). The
opioid antagonist naloxone completely antagonized both placebo analgesia and the
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concomitant reduction in heart rate, whereas the (3-blocker propranolol antagonized
the placebo-promoted reduction in heart rate but not placebo analgesia. By contrast,
both placebo responses were present during blockade of muscarinic cholinergic re-
ceptors with atropine, indicating no involvement of the parasympathetic system. A
spectral analysis of the heart rate variability for the identification of the sympathetic
and parasympathetic components showed that the -adrenergic sympathetic compo-
nent was reduced during placebo analgesia, an effect that was reversed by naloxone.
These findings, although in the context of placebo analgesia, indicate that the placebo
analgesic response is accompanied by a complex cascade of events that affect the car-
diovascular system through the autonomic nervous system.

Classical Conditioning

In many situations, classical conditioning plays a key role in the placebo effect. It has
been suggested that, whereas expectation is important when conscious physiological
functions, such as pain and motor performance, are involved, conditioning plays a role
in unconscious physiological functions, such as immune and hormonal responses (11).
In classical conditioning, after repeated associations between a conditioned stimulus
(CS), which can be represented by several contextual cues (e.g., color and shape of
a pill), and an unconditioned stimulus (US) (e.g., the active agent inside the pill),
the CS alone can induce a conditioned response (CR) that is similar to that induced
by the active drug. This can be considered a placebo effect in all respects, as the
CS per se is inert. Although pharmacologists have long been aware of pharmaco-
conditioning effects (37-40), conditioning in pharmacotherapy has only recently been
better conceptualized in terms of the placebo effect (39, 41, 42).

Immune responses. One of the most interesting observations on the placebo effect
in the immune system was reported in 1896 by MacKenzie (43), who showed that
some people who are allergic to flowers show an allergic reaction when presented
with an object that looks like a flower but contains no pollen (an artificial flower).
Some of the first evidence that immunological placebo responses can be obtained
by pairing a CS (a solution of sodium saccharin) with a US (the immunosuppressive
drug cyclophosphamide) was obtained with mice. Mice treated in this way show con-
ditioned immunosuppression, that is, immune responses to sodium saccharin alone
(44). It was also shown that a conditioned enhancement of antibody production is
possible using an antigen as US of the immune system. Mice were given repeated
immunizations with keyhole limpet hemocyanin paired with a gustatory CS. A clas-
sically conditioned enhancement of antikeyhole limpet hemocyanin antibodies was
observed when the mice were reexposed to the gustatory stimulation alone (45).
These animal studies have been repeated in humans (46). For example, a clinical
case study of a child with lupus erithematosus has been described (47). The child re-
ceived cyclophosphamide (US) paired with taste and smell stimuli (US), according to
the conditioning procedure used in animals. During the course of 12 months, a clini-
cally successful outcome was obtained by using taste and smell stimuli alone on half the
monthly chemotherapy sessions. In another study, multiple sclerosis patients received
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intravenous treatments with cyclophosphamide (US) paired with anise-flavored syrup
(CS), and eight out of ten patients displayed decreased peripheral leukocyte counts
following the syrup alone, an effect that mimics that of cyclophosphamide (48).

As shown in Figure 44, repeated associations between cyclosporin A (US) and
a flavored drink (CS) induced conditioned immunosuppression (CR), in which the
flavored drink alone produced a suppression of the immune functions, as assessed by
assays of interleukin-2 (IL-2) and interferon-y (IFN-y) mRINA expression, in vitro
release of IL-2 and IFN-y, as well as lymphocyte proliferation (49).

Hormone secretion. Findings similar to those observed in the immune system have
also been obtained in the endocrine system. In one study (11), the effects of opposing
verbal suggestions on hormonal secretion were tested and it was found that verbally
induced expectations of increase/decrease of growth hormone (GH) and cortisol did
not have any effect on their secretion. However, if a preconditioning was performed
for two consecutive days with sumatriptan, a 5-HT 5,1 agonist that stimulates GH
and inhibits cortisol secretion, a significant increase of GH and decrease of corti-
sol plasma concentrations were found after placebo administration on the third day
(Figure 4b). These conditioned effects occurred regardless of the verbal suggestions
the subjects received. In other words, the placebo mimicked the sumatriptan-induced
GH increase, even though the subjects expected a GH decrease. Likewise, the placebo
mimicked the sumatriptan-induced cortisol decrease, even though the subjects ex-
pected a cortisol increase. In this case, the CS was represented by the act of injecting
the pharmacological agent (i.e., the context around the treatment).

Respiratory system. Ina clinical study on the effects of narcotics on respiratory de-
pression, respiratory depressant responses to placebo were described (50). A placebo
was given after repeated administrations of buprenorphine, which induces mild
respiratory depression. The placebo mimicked the respiratory depressant effect of
buprenorphine, even though the patients did not expect any effect and did not notice
any decrease in ventilation. The best explanation for this response is a conditioning
mechanism in which the act of giving the drug represented the CS. These respiratory
depressant responses to placebo could be prevented by the opioid antagonist naloxone,
which suggests the involvement of endogenous opioids in respiratory centers (50).

Nocebo Effects

The nocebo effect is a placebo effect because an inert substance is administered.
However, to induce a nocebo effect, the inert substance is given along with verbal
suggestions of clinical worsening, so as to induce negative expectations about the
outcome. To investigate the neurobiological basis of the nocebo effect one studies
the effects of such negative psychosocial contexts on the patient’s brain and body.

Pain. Much less is known about nocebo hyperalgesia compared with placebo anal-

gesia owing to ethical limitations. Whereas the induction of placebo responses is
acceptable in many circumstances (51), the induction of nocebo responses represents
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Placebo responses in which classical conditioning plays a major role. (#) Repeated associations
between the immunosuppressive drug cyclosporin A (US, unconditioned stimulus), which
inhibits both IL-2 and IFN-vy, and strawberry milk (CS, conditioned stimulus) induce
conditioned responses in which the CS alone (a placebo in all respects) is capable of inhibiting
both IL-2 and IFN-y (49). (b) Repeated associations between the 5-HTp-1p receptor
antagonist sumatriptan (US), which increases growth hormone (GH) and decreases cortisol,
and contextual cues (CS) induce conditioned responses in which the CS alone is capable of
increasing GH and decreasing cortisol (11).
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astressful and anxiogenic procedure in that nocebo hyperalgesia is produced by giving
an inert treatment along with verbal suggestions of an increase in pain.

In 1997, a trial in postoperative patients was run with the nonspecific CCK-A/B
receptor antagonist proglumide in a setting that induced expectations of pain wors-
ening (52). It was found that proglumide prevented nocebo hyperalgesia in a dose-
dependent manner, even though it is not a specific painkiller, thus suggesting that the
nocebo hyperalgesic effect is mediated by CCK. A dose as low as 0.05 mg was ineffec-
tive, whereas a dose ranging from 0.5 to 5 mg proved to be effective. Because CCK is
also involved in anxiety mechanisms, it was hypothesized that proglumide affects an-
ticipatory anxiety (52, 53). Importantly, this effect was not antagonized by naloxone.
However, owing to ethical constraints, these effects were not investigated further.

To better understand the mechanisms underlying nocebo hyperalgesia and to
overcome the ethical constraints that are inherent in the clinical approach, a sim-
ilar procedure was used in healthy volunteers by inducing experimental pain (54).
Oral administration of an inert substance, along with verbal suggestions of hyper-
algesia, induced both hyperalgesia and hyperactivity of the hypothalamic-pituitary-
adrenal (HPA) axis, as assessed by adrenocorticotropic hormone (ACTH) and cortisol
plasma concentrations. Both nocebo-induced hyperalgesia and HPA hyperactivity
were blocked by the benzodiazepine diazepam, which suggests the involvement of
anxiety mechanisms. By contrast, the administration of the mixed CCK type-A/B
receptor antagonist, proglumide, completely blocked nocebo hyperalgesia, but had
no effect on HPA hyperactivity, thus suggesting a specific involvement of CCK in
the hyperalgesic but not in the anxiety component of the nocebo effect. Interest-
ingly, both diazepam and proglumide did not show analgesic properties on baseline
pain, as they only acted on the nocebo-induced pain increase. These data suggest
that a close relationship between anxiety and nocebo hyperalgesia exists, but that
proglumide does not act by blocking anticipatory anxiety, as previously hypothesized
(52, 53). Instead, proglumide appears to interrupt a CCKergic link between anxiety
and pain. Therefore, as shown in Figure 5, in contrast to the anxiolytic action of
diazepam, proglumide blocks a CCKergic pronociceptive system that is activated by
anxiety and is responsible for anxiety-induced hyperalgesia. Support of this conclu-
sion comes from a social-defeat model of anxiety in rats, in which CI-988, a selective
CCK-B receptor antagonist, prevents anxiety-induced hyperalgesia (55).

Nocebo hyperalgesia is thus an interesting model to access when and how en-
dogenous pronociceptive systems are activated. The pronociceptive and antiopioid
action of CCK has been documented in many brain regions (19, 56, 57), and it has
been shown that CCK reverses opioid analgesia by acting at the level of the ros-
tral ventromedial medulla (58, 59) and activates pain facilitating neurons within the
rostral ventromedial medulla (60). The similarity of the pain facilitating action of
CCK on brainstem neurons in animals and nocebo mechanisms in humans may rep-
resent a starting point for further research into the neurochemical mechanisms of
nocebo-induced hyperalgesia.

Parkinson’s disease. Whereas nocebo hyperalgesia has been studied from both a
behavioral and a biochemical point of view, the neural mechanisms of the nocebo
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A nocebo procedure induces anxiety, which, in turn, activates the
hypothalamic-pituitary-adrenal (HPA) axis and a CCKergic pronociceptive system, thus
amplifying pain. Diazepam blocks anxiety and, therefore, both HPA hyperactivity and
hyperalgesia. Conversely, the CCK-antagonist proglumide only blocks the CCKergic link
between anxiety and pain, thus it has no effect on anxiety itself (54).

effect in conditions other than pain are poorly understood. In one study (11),
Parkinson patients who had undergone the implantation of two electrodes for deep
brain stimulation were tested for the velocity of movement of their right hand by
means of a movement analyzer. After the stimulator had been turned off several times
(at 4 and 2 weeks) before the test session, on the day of the experimental session,
even though the stimulation was maintained, the patients were told that the stimu-
lator had been turned off, so as to induce negative expectations of motor worsening
(nocebo). It was found that, although the stimulator was on, motor performance wors-
ened and mimicked the worsening of the previous days. Recently, these findings have
been replicated (26), and it was also found that this effect occurred for bradykinesia
but not for tremor and rigidity. No neurobiological mechanism is as yet known for
this nocebo bradykinesia. However, in light of the findings on the placebo effect in
Parkinson’s disease described above, it will be interesting to extend these findings to
the nocebo effect as well.

PLACEBO-RELATED EFFECTS

By definition, if no placebo is administered, the effect that follows its administration
cannot be called a placebo effect. However, it has become clear in recent times that
this definition is too restrictive and does not aid in understanding the underlying
mechanisms (3). Indeed, there are several placebo-like effects in which no placebo is
given, and these effects are attributable to the influence of the context surrounding
the treatment on the patient’s brain.
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Verbal Suggestions

A placebo is usually given along with verbal suggestions of clinical improvement.
However, verbal suggestions of either improvement or worsening can be given alone,
so as to induce expectancies about the outcome.

Pain. Modern brain imaging techniques have been fundamental in the understanding
of the neurobiology of positive and negative expectations. Typically, the experimenter
tells the subject about the forthcoming pain so as to make the subject expect either a
low-intensity or a high-intensity painful stimulation. Overall, negative (or positive)
expectations may result in the amplification (or reduction) of pain along with activa-
tion (or inhibition) of several brain regions (61-67). For example, in one study (65),
as the magnitude of expected pain increased, activation increased in the thalamus,
insula, prefrontal cortex, and anterior cingulate cortex. By contrast, expectations of
decreased pain reduced activation of pain-related brain regions, including the primary
somatosensory cortex, the insular cortex, and anterior cingulate cortex.

In another study, the level of expected pain intensity was found to alter perceived
pain intensity along with the activation of different brain regions (67). By using two
visual cues, each conditioned to one of two noxious thermal stimuli of differing in-
tensity, the investigators showed that subjects reported higher pain when the noxious
stimulus was preceded by the high-intensity visual cue. By comparing the brain acti-
vations produced by the two visual cues, these authors found significant differences in
the ipsilateral caudal anterior cingulate cortex, the head of the caudate, the cerebel-
lum, and the contralateral nucleus cuneiformis. Thus, expectation of either low- or
high-intensity painful stimuli has a strong influence on the perceived pain, regardless
of the concomitant administration of a placebo.

Parkinson’s disease. Similar to what has been observed for painful stimuli, in
Parkinson’s disease, placebo administration is not a necessary condition to modulate
the therapeutic outcome. In one study (25), the velocity of movements was analyzed
in Parkinson patients who had been implanted with electrodes in the subthalamic
nuclei for deep brain stimulation. The patients were tested under two opposite con-
ditions: in the first condition, they expected a good motor performance, whereas in
the second, they expected a bad motor performance. The results indicated that these
two opposite expectations can modulate the therapeutic effect of stimulation of the
subthalamic nucleus. Analysis of the effect of subthalamic stimulation on the velocity
of movement of the right hand with a movement analyzer revealed that the hand
movement was faster when the patients expected a good motor performance than
when they expected a bad performance.

Sensory stimuli. Overall, many sensory modalities undergo a top-down control of
the sensory inputs, in which expectations of a future outcome can shape the global
perceptual experience (68-70). For example, when subjects are led to believe that a
highly aversive bitter taste would be less distasteful than it actually is, they report it
to be less aversive than when they have accurate information about the taste. This
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is associated with a reduced activation of the primary taste cortex, that is, the insula
and operculum (71). Such findings imply that in the clinical setting, the modulation
of sensory stimuli by expectations may be relevant to the perception of a symptom in
many circumstances.

Open (Expected) versus Hidden (Unexpected) Treatments

One of the best pieces of evidence that underscores the crucial role of expectation
in the therapeutic outcome is the decreased effectiveness of hidden treatments. This
can be accomplished by eliminating the placebo (psychosocial) component and then
analyzing the pharmacodynamic effect of the treatment, free of any psychological
contamination, by making the patient unaware that a medical therapy is being car-
ried out (1, 72). To do this, drugs are administered through hidden infusions by
machines. Such infusions can be administered using computer-controlled infusion
pumps that are preprogrammed to deliver drugs at a desired time. The crucial factor
is that the patients do not know that the drug is being injected, so they ought not
have expectations of a therapeutic response. This contrasts with open administration,
which is used in routine medical practice in which drugs are given overtly and the
patients expect a clinical benefit. Therefore, an open injection of a drug provides an
expected treatment, whereas a hidden injection represents an unexpected therapy.
The difference between the outcomes following the administration of the expected
and unexpected therapy is the placebo (psychological) component, even though no
placebo has been given (1, 72-74).

Pain. In postoperative pain following the extraction of the third molar (75, 76), a
hidden injection of a 6-8 mg intravenous dose of morphine corresponds to an open
intravenous injection of saline solution in full view of the patient (placebo). In other
words, telling the patient that a painkiller is being injected (when a saline solution is
actually injected) is as potent as 6—8 mg of morphine. The investigators concluded
that an open injection of morphine in full view of the patient is more effective than
a hidden one because the placebo component is absent in the latter situation.

A careful analysis of the differences between open (expected) and hidden (unex-
pected) injections in the postoperative setting has been performed for five widely used
painkillers (morphine, buprenorphine, tramadol, ketorolac, metamizol) (72, 73, 77).
In one analysis (73), it was found that the analgesic dose needed to reduce the pain
by 50% was much higher with hidden infusions than with open ones, thus indicating
that a hidden administration is less effective than an open one. In another analysis of
the same study, it was found that pain rating was significantly higher with a hidden
injection than with an open one.

The difference between open and hidden injections was also investigated in the
laboratory setting by using the experimental model of ischemic arm pain in healthy
volunteers (73) (Figure 6a). As occurs in the clinical setting, it was found that a hid-
den injection of the nonopioid analgesic ketorolac (a non-steroidal anti-inflammatory
drug), was less effective than an open injection. Interestingly, when the opioid antag-
onist naloxone was added to the open injection of ketorolac, the effect was the same
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Figure 6

Open versus hidden administration of treatments. (#) An open (expected) administration of the
analgesic ketorolac reduces experimental ischemic arm pain (red /ine) compared with the
natural history of pain (purple line). A hidden (unexpected) injection of the same dose of
ketorolac (blue line) is much less effective in reducing pain than the open injection. However, if
the open injection of ketorolac is performed together with the opioid antagonist naloxone
(yellow line), no difference is present between open and hidden administration. This suggests
that the larger effect of open ketorolac is due to the activation of endogenous opioid systems
(73). (b) The stimulation of the zona incerta produces a stimulus-response curve that is the
same in the open and hidden condition. Conversely, the stimulation of the substantia nigra
pars reticulata produces a stimulus-response curve that is different in the open and hidden
conditions. This suggests a change of neuronal excitability in the two conditions in specific
brain regions (79).

as that produced by a hidden injection. This suggests that an open injection (i.e., in
full view of the patient) activates endogenous opioids that enhance the effects of the
injected painkiller.

In addition to the expected (open) and unexpected (hidden) administration of
analgesics, open and hidden interruptions were also investigated. For example, it has
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been shown that the relapse of pain occurs faster and the pain intensity is larger with
an open interruption of morphine compared with a hidden one, thus indicating that
the hidden interruption prolongs postinterruption analgesia (57, 72, 77). A possible
explanation for this effect is the patient’s negative expectation of pain relapse (i.e., a
nocebo-like effect).

Autonomic responses to deep brain stimulation. A detailed analysis of autonomic
responses to intraoperative stimulation of different brain regions has been carried out
in Parkinson patients during electrode implantation for deep brain stimulation (78,
79). The stimulation of the most dorsal part of the subthalamic region, which includes
the zona incerta, produced autonomic responses that did not differ in the hidden and
the open condition. By contrast, the stimulation of the most ventral region, which
includes the substantia nigra pars reticulata, produced autonomic responses that var-
ied according to the open or hidden stimulation. Moreover, the hidden (unexpected)
stimulation was less effective, so that an increase of the stimulus intensity was nec-
essary to induce an autonomic response. The stimulus-response curves in the dorsal
and ventral subthalamic region are shown in Figure 6b. It can be seen that the curves
are different in the hidden and open condition only in the ventral part, a region that s
involved in associative-limbic functions. This suggests that expectation may change
the neuronal excitability in limbic structures (79).

Anxiety. In a study in postoperative patients with high anxiety scores, the anxiolytic
diazepam was administered either overtly or covertly (72, 77). Whereas in the open
group there was a clear-cut decrease of anxiety, in the hidden group diazepam was
totally ineffective, which indicates thatanxiety reduction after the open administration
of diazepam was a placebo effect. With respect to interruption of diazepam, in the
open condition anxiety increased significantly after 4 and 8 h, whereas in the hidden
condition it did not change. Therefore, the relapse of anxiety after the expected
interruption of diazepam could be attributed to the negative expectation of such
relapse (nocebo-like effect).

Addiction. The outcome of methylphenidate on brain glucose metabolism has been
analyzed in different conditions in cocaine abusers (80). In one condition they ex-
pected to receive, and then received, the drug. In a second condition, they expected to
receive a placebo, butactually received the drug. This paradigm is rather similar to the
open-hidden design, as in the first case methylphenidate is expected, whereas in the
second case its administration is unexpected. In the former case, the effect on brain
glucose metabolism was larger than in the latter, which indicates that expectation can
enhance the action of methylphenidate.

Expectations in Clinical Trials

Recent experimental evidence suggests that expectations can have a large influence
on the outcome of a clinical trial. Indeed, what the subjects expect in a clinical trial
may influence the outcome, regardless of whether they belong to the placebo group
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or to the active treatment group. Because expectations of benefit are involved, the
underlying mechanisms are likely akin to those described above. However, to date,
no neurobiological investigation has been done in this context.

Pain. In one clinical trial, real acupuncture, in which the needle was really inserted
into the skin, was compared with sham acupuncture, in which the needle did not
enter the skin. Patients were then asked whether they thought they were in the
placebo or the real treatment group. Those patients who believed they were in the
real treatment group experienced larger clinical improvement than those patients who
believed they were in the placebo group (81). In another clinical trial, patients were
asked whether they considered acupuncture to be an effective therapy in general and
what they personally expected from the treatment. Patients with higher expectations
about acupuncture treatment experienced larger clinical benefits than those with
lower expectations, regardless of their allocation to real or sham acupuncture (82).
Thus it did notreally matter whether the patients received the real or sham procedure.
Rather, what mattered was whether they believed in acupuncture and expected a
benefit from it.

Parkinson’s disease. In a clinical trial of human fetal mesencephalic transplanta-
tion, which is being assessed as a possible treatment for Parkinson’s disease, inves-
tigators studied the effect of this treatment compared with placebo treatment for a
twelve-month period. They also assessed the patient’s perceived assignment to either
the active (fetal tissue implant) or placebo (sham surgery) treatment. There were no
differences between the transplant and sham surgery groups on several outcome mea-
sures, such as physical and quality of life scores. However, the perceived assignment
between the treatment groups had a beneficial impact on the overall outcome, and
this difference was still present at twelve months after surgery. Patients who believed
they received transplanted tissue had significant improvements in both quality of life
and motor outcomes, regardless of whether they received sham surgery or fetal tissue
implantation (83).

Smoking cessation. In a trial of nicotine replacement treatment for smoking re-
duction, smokers were randomly assigned to receive nicotine, placebo products, or
no intervention. After 6 months, the participants were asked to guess the group to
which they believed they belonged (either nicotine or placebo). Regardless of actual
treatment, smokers who believed they had received nicotine had significantly better
outcome than those who believed they had received placebo (84).

COGNITIVE MODULATION OF DRUG ACTION

All the mechanisms described above indicate that several social stimuli within the
context of a particular treatment can activate neurotransmitters and modulators that
bind to the same receptors to which drugs bind and can trigger biochemical pathways
that are similar to those activated by pharmacological agents. Present knowledge is
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insufficient for us to understand whether the activation of specific receptors is a fea-
ture of a specific placebo procedure. For example, we do not know whether placebo-
induced expectation of analgesia activates only endogenous opioids, whereas expec-
tation of motor improvement activates only dopamine, although a very recent study
found dopamine activation in placebo analgesia (85). Future research will hopefully
answer this important issue.

Even without that information, one can conclude that different psychosocial con-
texts are capable of activating several biochemical pathways through anticipatory and
expectancy mechanisms and/or classical conditioning. A summary of various targets
and pathways involved in these psychosocial responses is shown in Figure 7. On
the basis of the experimental results presented in this review, it is clear that for many
types of treatments, whenever a medical treatment is carried out, a complex biochem-
ical matrix is activated by several social stimuli. Such biochemical cascades of events
will inevitably contribute to responses observed with drug administration. In other
words, drugs are not administered in a vacuum but rather in a complex biochemi-
cal environment that varies according to the patient’s cognitive/affective state and to
previous exposure to other pharmacological agents (conditioning). Figure 7 shows
that drugs given for specific conditions may act on a set of receptors that could have
been modified by the therapeutic context.

This concept led Colloca & Benedetti to propose a principle based on uncertainty
in human pharmacology (1). This principle asserts that one can never be sure regard-
ing the action of a pharmacological agent, as its pharmacodynamic action is perturbed

Psychosocial context
Expectation
and/or conditioning

N
/ / ‘ Analgesia,
respiratory Analgesia and

Hormonal i i A
Depression Parkinson centers cardiovascular

Hyperalgesia System
1 \ \

IFN-Y, IL-2 5-HT1g4p | 5-HT re-uptake D2-D3 | CCK-A/B p-opioid B-adrenergic
Immuno- Sumatriptan Anti- Anti- CCK Narcotic B-blocker
suppressive depressant Parkinsonian antagonist
Drugs
Figure 7

52

The psychosocial context around the treatment activates, through expectation and/or
conditioning mechanisms, a number of receptor pathways in different diseases and treatments
(the involvement of 5-HT receptors in hormonal responses and depression is not definitive).
These receptors are the same to which different drugs bind, thus indicating that cognitive and
affective factors are capable of modulating the action of drugs. This interference has profound
implications for our understanding of drug action: When a drug is given, the act of
administering (i.e., the psychosocial context) may perturb the system and change the response
to the drug.
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by the act of administering it. In other words, in the same way that the Heisenberg un-
certainty principle in physics asserts that the act of measuring perturbs the system un-
der measurement, in pharmacology, the act of giving a drug perturbs the system (brain
and body) in which the measurement (therapeutic outcome) is undertaken. Such un-
certainty may contribute to the variability in clinical trials. A new approach that
divides subjects in a clinical trial on the basis of their expectation about the therapeu-
tic outcome shows how the perceived assignment to a group (either placebo or active
treatment) may have a higher impact on outcome than the actual assignment (81-84).

Figure 7 predicts that if one wants to test a new drug for the relief of pain, the
act of its administration can impact its real pharmacodynamic effects. For example,
negative expectation may activate CCKergic systems or, conversely, positive expec-
tation may activate opioid receptors and thus may modify the overall action of the
drug under study. A partial solution to this interference between social stimuli and
drugs is to “silence” the psychosocial biochemical pathways. As discussed above, this
is possible with unexpected, or hidden, administration of medical treatments. In this
way, a drug may be given, at least in part, free of psychologically induced activation of
receptor pathways. In a trial that was performed in 1995 (18), a group taking a placebo
was compared with a group taking proglumide. The proglumide group showed more
analgesia than the placebo group, suggesting that proglumide is an analgesic. How-
ever, this conclusion is erroneous because a hidden injection of proglumide was totally
ineffective, demonstrating that it is not an analgesic, but instead, that the drug en-
hances placebo-activated release or response to endogenous opioids (1). Therefore,
an analgesic that is tested according to the classical methodology of clinical trials can
give a better response than a placebo even though it lacks analgesic properties.

In conclusion, placebo research has evolved from early investigations, such as the
influential study by Beecher in 1955 (86), to the recent sophisticated biological inves-
tigations of placebo and placebo-like effects in humans. These years of research in the
field of placebo have taught us that complex cognitive/affective factors are capable of
modulating the action of drugs through the activation, at least in some cases, of the
same receptors to which drugs bind. From an evolutionary perspective, it is tempting
to speculate that social stimuli may have drug-like therapeutic properties because this
is advantageous for a member of a social group. If you trust an authoritative member
of your social group, be he a modern doctor or a primitive shaman, you have better
chances to survive and to improve your quality of life. This “endogenous pharmacy” is
made up of biochemical pathways described throughout this review that are activated
by various social stimuli. Although this evolutionary perspective is only speculative,
these issues are worthy of further scrutiny, as they seem likely to lead to fundamental
insights into both human biology and therapeutics.

SUMMARY POINTS

1. The placebo effect is the effect that follows the administration of an inert
treatment (the placebo), whereas in a placebo-related effect no inert treat-
ment is given.
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. There are many placebo effects with different biological mechanisms that

are triggered by the psychosocial context of the therapy.

. The placebo analgesic effect is mediated by the endogenous opioid systems

and antagonized by cholecystokinin in some circumstances.

. The placebo effect in Parkinson’s disease is mediated by dopamine release

in the striatum and is associated with neuronal changes in the subthalamic
nucleus.

. Indepression, treatment with fluoxetine or a placebo treatment affect similar

brain regions.

. The placebo effect in the immune and endocrine system is primarily a con-

ditioned response, whereby classical conditioning plays a key role.

. The nocebo hyperalgesic effect, which is opposite to the placebo analgesic

effect, is mediated by anxiety-induced activation of cholecystokinin.

. Because social stimuli may activate the same receptor pathways upon which

drugs act, several cognitive and affective factors can modulate the action of
drugs.

FUTURE ISSUES

L.

We need to know where, when, and how placebos work across different
diseases and therapeutic interventions.

. It would be fruitful to test the effects of pharmacological conditioning on

placebo responses for different drug classes, such as immunosuppressive and
hormone-stimulating agents.

. The role and the mechanisms of the placebo effect across different alterna-

tive and complementary therapies need to be explored.

. It is necessary to know the contribution of expectation and conditioning in

different types of placebo responses.

. Anunresolved issue is why some subjects respond to placebos, whereas other

subjects do not.

. The social, psychological, neurobiological, and genetic determinants of the

different placebo effects need to be identified.
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