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The lateral nuclear group comprises the ventro-
posterior medial nucleus, the ventroposterior lateral 
nucleus, and the posterior nucleus. These three nuclei 
receive inputs through the spinothalamic tract from 
nociception-specific and wide-dynamic-range neurons 
in laminae I and V of the dorsal horn. The lateral thal-
amus is thought to be concerned with the processing 
of information about the precise location of an injury, 
information usually conveyed to consciousness as 
acute pain. Consistent with this view, neurons in the 
lateral thalamic nuclei have small receptive fields, 
matching those of the presynaptic spinal neurons.

Injury to the spinothalamic tract and its thalamic 
targets causes a severe form of pain termed central pain. 
An infarct in a small region of the ventroposterolateral 
thalamus produces the perception of a spontaneous 
burning pain, together with other abnormal sensations 

dorsal columns and terminate in the cuneate and grac-
ile nuclei of the medulla.

The spinohypothalamic tract contains the axons of 
neurons found in laminae I, V, and VIII of the dorsal 
horn in the spinal cord. These axons project to hypo-
thalamic nuclei that serve as autonomic control cen-
ters involved in the regulation of the neuroendocrine 
and cardiovascular responses that accompany pain  
syndromes.

Several Thalamic Nuclei Relay Nociceptive 
Information to the Cerebral Cortex

The thalamus contains several relay nuclei that partici-
pate in the central processing of nociceptive informa-
tion. Two of the most important regions of the thalamus 
are the lateral and medial nuclear groups.
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Figure 24–12 Three of the five ascending pathways 
that transmit nociceptive information from the spinal cord 

to higher centers. (Adapted, with permission, from Willis 
1985.)
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Most make excitatory connections with neurons of the 
rostroventral medulla, including serotonergic neurons 
in a midline region called the nucleus raphe magnus, or 
neurons of the nuclei of the raphe complex. The axons 
of these serotonergic neurons project through the dor-
sal region of the lateral funiculus to the spinal cord, 
where they form inhibitory connections with neurons 
in laminae I, II, and V of the dorsal horn (Figure 24–15). 
Stimulation of the rostroventral medulla thus inhib-
its the firing of many classes of dorsal horn neurons, 
including projection neurons of the spinothalamic tract 
that convey afferent nociceptive signals.

A second major monoaminergic descending sys-
tem can also suppress the activity of nociceptive neu-
rons in the dorsal horn. This noradrenergic system 
originates in the locus ceruleus and other nuclei of the 
medulla and pons. These projections inhibit neurons in 
laminae I and V of the dorsal horn through direct and 
indirect synaptic actions.

Opioid Peptides Contribute to Endogenous 
Pain Control

Since discovery by the Sumerians in 3300 BC, the 
opium poppy and its active ingredients, opiates such 
as morphine and codeine, have been recognized as 
powerful analgesic agents. Over the past two decades 
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Figure 24–15 Descending monoaminergic pathways regu-
late nociceptive relay neurons in the spinal cord. A seroton-
ergic pathway arises in the nucleus raphe magnus and projects 
through the dorsolateral funiculus to the dorsal horn of the 
spinal cord. A noradrenergic system arises in the locus ceruleus 
and other nuclei in the pons and medulla. (See Figure 46–2 
for the locations and projections of monoaminergic neurons.) 
In the spinal cord these descending pathways inhibit nocicep-
tive projection neurons through direct connections as well as 
through interneurons in the superficial layers of the dorsal horn. 
Both the sertonergic nucleus raphe magnus and noradrenergic 
nuclei receive input from neurons in the periaqueductal gray 
region. Sites of opioid peptide expression and actions of exog-
enously administered opioids are shown.
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Figure 24–14 The gate-control theory of nociception. The 
gate-control hypothesis was proposed in the 1960s to account 
for the ability of low-threshold fiber activation to attenuate 
pain. The hypothesis focused on the interaction of neurons 
in the dorsal horn of the spinal cord: the nociceptive (C) and 
non-nociceptive (Aβ) sensory neurons, projection neurons, and 
inhibitory interneurons. In the original version of the model, as 
shown here, the projection neuron is excited by both classes of 
sensory neurons and inhibited by interneurons in the superficial 
dorsal horn. The two classes of sensory fibers also terminate 
on the inhibitory interneurons; the C-fibers inhibit the interneu-
rons, thus increasing the activity of the projection neuron, while 
the Aβ fibers excite the interneurons, thus suppressing the 
output of the projection neurons.
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Figure 24–17 Local interneurons in the spinal cord integrate 
descending and afferent nociceptive pathways.
A. Nociceptive afferent fibers, local interneurons, and descend-
ing fibers interconnect in the dorsal horn of the spinal cord (see 
also Figure 24–3B). Nociceptive fibers terminate on second-
order spinothalamic projection neurons. Local enkephalin- 
containing interneurons exert both pre- and postsynaptic  
inhibitory actions at these synapses. Serotonergic and 
noradrenergic neurons in the brain stem activate the local 
interneurons and also suppress the activity of the spinotha-
lamic projection neurons.

B. Regulation of nociceptive signals at dorsal horn synapses. 
1. Activation of a nociceptor leads to the release of glutamate 
and neuropeptides from the primary sensory neuron, pro-
ducing an excitatory postsynaptic potential in the projection 
neuron. 2. Opiates decrease the duration of the postsynaptic 
potential, probably by reducing Ca2+ influx and thus decreasing 
the release of transmitter from the primary sensory terminals. 
In addition, opiates hyperpolarize the dorsal horn neurons by 
activating a K+ conductance and thus decrease the amplitude of 
the postsynaptic potential in the dorsal horn neuron.
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1. Activation of a nociceptor leads to the release of glutamate 
and neuropeptides from the primary sensory neuron, pro-
ducing an excitatory postsynaptic potential in the projection 
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• El organismo tiene mecanismos endógenos de control 

del dolor 

• Los núcleos principales están en el tronco encefálico: 

• Sustancia gris periacueductal 

• Nucleo del rafe magno 

• Formación reticular 

• Están mediados por NT de la familia de los opioides
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Placebo
• Placebo: del latín “Te complaceré”. Un tratamiento 

inerte sin propiedades terapéuticas. 

• Efecto Placebo: la respuesta a un tratamiento inerte 
(no solo causado por una sustancia/tratamiento). 

• Respuesta Placebo: causado por la manipulación 
placebo.  

• Efecto Nocebo: efectos adversos en respuesta a un 
tratamiento inerte.



Placebo

the placebo response—it also paves the way for system-
atic exploitation of this knowledge with the aim to min-
imize placebo responses in clinical trials and in the
context of drug development and to maximize the
placebo response in clinical practice to improve treatment
outcomes and patient benefit (Jubb and Bensing, 2013).
In this review we will particularly emphasize the

neuro-bio-behavioral mechanisms of placebo and nocebo
responses, their effects on pharmacological treatments,
and potential predictors of interindividual differences in
these effects. On this basis, we will outline the relevance
of placebo responses on the assay sensitivity in random-
ized clinical trials (RCTs) and on therapeutic outcomes
in clinical practice. Finally, we will discuss implications
for the training of health care professionals and the
health care systems themselves and propose future
research directions.

II. The Origin of the Placebo Concept: From the
Ancient Healer to Modern Medicine

Since the dawn of experimental placebo research in
the 1990s, many papers (Fig. 3) and books (Spiro, 1986;
Harrington, 1999; Thompson, 2005; Benedetti, 2008;
Shapiro and Shapiro, 2010) have referred to the history
of the placebo concept and its origins long before
evidence-based medicine became the gold standard in
Western medicine. In the following section, we briefly
refer to three aspects of these historical roots of the
placebo concept: etymological considerations, method-
ological aspects, and a “meaning” aspect (Moerman and
Jonas, 2002).

i. The origin of the word “placebo” from the Latin
verb “placere” (pleasing), in the sense of “I may
please” or “it may please,” has been greatly

Fig. 1. Unspecific or placebo effects from any medical treatment entail a number of subeffects such as the natural history of disease and spontaneous
symptom variation, statistical phenomenon such as regression to the mean, response biases and false positive responses, contextual factors, and effects
of cointerventions as well as the actual placebo response. The placebo response itself is mediated by associative learning or conditioning processes, as
well as cognitive factors such as a patient’s expectation of a benefit from a treatment and the quality of the doctor-patient communication. The equal
parts are not meant to indicate a statistically balanced contribution.

Fig. 2. Placebo responses are primarily mediated by cognitive factors such as patients’ expectations of treatment benefits, by behavioral conditioning
(associative learning) with pharmacological stimuli, and the quality of doctor-patient communication. These psychologic factors trigger complex
neurobiological phenomena involving distinct CNS as well as system-specific peripheral physiologic and end-organ alterations.

Neuro-Bio-Behavioral Mechanisms of Placebo and Nocebo Responses 699



Placebo
External context Internal context

• Outcome expectancies:
   “My pain will go away”
• Emotions: 

“I am less anxious”
• Meaning schema: 

“I am being cared for”
• Explicit memories
• Pre-cognitive 

associations
  

Verbal suggestions:
“This is going to make 
you feel better”

Place cues:
Doctor’s office

Social cues:
• Eye gaze
• Body language
• Voice cues
• White coat Treatment cues:

• Syringe
• Needle puncture

• No es sólo la respuesta a un fármaco/tratamiento 

• Es consecuencia del contexto 

• Aprendizaje, memoria y cognición social



Placebo

C
on

ce
pt

ua
l p

ro
ce

ss
es

Pr
e-

co
gn

it
iv

e 
as

so
ci

at
io

ns

• Verbal 
suggestions

• Social 
information

• Expectations
• Appraisals
• Memories

Reported 
experiences 
(symptoms)

‘Decision bias’

• Emotion
• Motivation
• #ȭectKXe 

state

Behaviour

Context

• Cues
• Place context
• Pre-cognitive 

social cues

• Sensations
• Action 

tendencies
• Autonomic 

responses
• Hormones

Pathophysiology 
(signs)

a b

Insula

dmPFC

Social 
context

lOFC

Expected 
future events

Hipp

vmPFC

Memory and 
place context

AMY

RVM

NAc
HYP

PAG Behavioural states and 
OotKXCtKoP� e�I� ȮIJt� 
escCRe� sWDOKt� RWrsWe 
and recover

Nociception and 
autonomic responses

Interoceptive
context



Placebo en dolor
• El dolor es una percepción 

multidimensional 

• Las regiones asociadas a 
dolor también se han 
asociado a otras funciones 
cognitivas 

• Las regiones asociadas a 
control del dolor, están bajo 
influencia de regiones 
asociadas a muchos 
procesos.

dlPFC: 
goal context; expectancy

S2–dpINS:
somatic pain 
intensity

mThal:
RCKP CPF Cȭect 
integration

aINS:
motivation; 
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Placebo y dolor

• Las vías ascendentes conectan directamente e indirectamente 
con regiones que controlan el sistema inhibitorio descendente 

• Estas regiones subyacen multiples fenómenos cognitivos
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Placebo y dolor

• A nivel molecular los opioides 
juegan un papel en la 
analgesia  

• La colecistoquinina (CKK) es 
pro nociceptiva 

• Los endocanabinoides 
inhiben la síntesis de 
prostaglandinas

Figure 1. Principal Neurobiological Mechanisms of the Placebo Response that Have Been Identified across a Variety of Conditions
(A) The antinociceptive opioid system is activated in placebo analgesia in some circumstances, and the m opiod receptors play a crucial role. The pronociceptive
cholecystokinin (CCK) system antagonizes the opioid system, thus blocking placebo analgesia.
(B) The pronociceptive CCK system is activated by anticipatory anxiety in nocebo hyperalgesia, with some evidence that the CCK-2 receptors are more
important.
(C) Different lipidic mediators have been identified in placebo analgesia and nocebo hyperalgesia.Whereas placebos activate theCB1 cannabinoid receptors and
inhibit prostaglandins (PG) synthesis in some circumstances, nocebos increase PG synthesis. In addition, different genetic variants of FAAH affect themagnitude
of placebo analgesia.

(legend continued on next page)

624 Neuron 84, November 5, 2014 ª2014 Elsevier Inc.
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Placebo y dolor

• Una parte sustancial del beneficio terapéutico que 
experiencia el paciente cuando se somete a 
tratamiento médico es consecuencia de la 
respuesta del cerebro al contexto.



–Hipócrates

“Prefiero conocer a la persona que tiene la 
enfermedad que la enfermedad que tiene la 

persona.” 



Referencias

• Kandel Principles of Neural Sciences 5th ed. Cap 
24 

• Purves Neurosciences 5th ed. Cap 10


