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Placebo Analgesia

Dong-Kuck Lee, MD
Department of Neurology, Catholic University of Daegu School of Medicine, Daegu, Korea

ABSTRACT The expectation of pain relief can exert a powerful analgesic effect. The placebo effect is the effect that follows
the administration of an inert treatment (the placebo), be it pharmacological or not. Placebos and placebo
effects have held an ambivalent place in health care for at least 2 centuries. Placebos are traditionally used
as controls in clinical trials to correct for biases. Among other factors, these include regression to the mean,
the natural course of the disorder, and effective co-interventions. On the other hand, there is mounting scientific
evidence that placebo analgesia represent complex psychoneurobiological event involving the contribution
of distinct central nervous system, as well as peripheral physiological mechanisms that influence pain
perception, clinical symptoms, and substantially modulate the response to active analgesics. It is important
to understand that a placebo procedure simulates a therapy through the surrounding psychosocial context.

(J Pain Auton Disord 2014;3:60-68)
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Figure 1. After the administration of a placebo, a clinical improvement may occur for a variety of reasons. Whereas the
clinical trialist is interested in any improvement that may take place in a clinical trial, the neurobiologist is only interested in
the psychosocial--psychobiological effects after the administration of a placebo. These include a number of mechanisms,

such as anxiety, reward, learning, and genetics.
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Figure 2. Finding the placebo effect. (A) A hypothetical painful
episode such as an idiopathic headache, which starts at a low level
and subsides in the absence of treatment. (B) In this example,
giving a placebo (arrow) is followed by improvement, but to
show that this manipulation actually had an effect one must
compare the time course of pain in a group of patients receiving
the placebo (line b) from that in a no treatment group (line a).
The difference (a-b, area 1) is the placebo effect. An active an-
algesic agent produces an even more rapid or complete pain re-
duction (line ¢). The difference between placebo and active treat-
ment (b-c, area 2) is the relief due to the active constituent of the
treatment.

SHES - XISAIASHS|X| 20144 K|3E H2S 61



Journal of Pain and Autonomic Disorders Vol. 3, No. 2, 2014

b

& Qe opry. et o] AelAate} £elok wke
47 ) gokrte] AL Figure 29} 2k Ak 459
A% wte] FEE Aolo] Aol wet o} thasiAl U

¥ 4 sl

A
A

o109 wE

&Y Ats &%, AAL Aol 9 AEjskehy HheE =
e 2Rkt AA-AYE A whgolch £oF ko] 7|
g7 sl < %l

SHconditioning) ©]=3} 7|d(expectancy) ©]
Qo= B AKreward) o] 23} WA A3t ZFZHappropriate sen-
Sation) O|2k FE AL Qltk A W oA o] 2]
= oAHer Tt Uelutes At d4
oz Eo]h ZAoltk. HAo| 2L wubnly)l ApE o] glom,
E“Oﬂ gt 7t 2 Yehube @/l RS- A Ae 142t o
7|t 23t0f| o3 A= WLl 7125 &
°l%2§ Ay zElch

1) Z=Z43H(conditioning)

2) 2tA|(suggestion) 2! 7|CH(expectancy)

A= %59
28} A5S o] 7 Hdof A= 2
Aols GAE FH 54 RelolARt S50l 501#713 gt
o 5501 &
<o digt 7]
3L m|zt) of & £oloF XE o] A 7| AL

7Idls S8 A4S rhar AZSiE 50l Eols
2hal Azshe ARt 7 % al

rior cingulate cortex)

18
)
O

tlo
ne
o
™
i
Am
ol
rN

filo

=|
=
_O|L
rlr
E oy
A
i)
)
I
=
30
rlr
2
oY
(e

62 J Pain Auton Disord Vol. 3, No. 2 2014

= AT Ay T 29 AT U A Qe
5% 24 322 A=5o] H%(dorsal horn)o] Q= 55 &
o AFEYE ARtk A

4. Nocebo

Noceboi= 2t§1019] th= §50] A|2|2KI shall harm)
oA e Ao Selope] wijoluz AzA AH7
W1 S 550l 1 o Ao e ool
Bo] ot Athel BAlo] 2% B2 FEA Bk

X [‘ll‘

[e3Ke)

SO AFASL T 9 A2 vle] 25
wiSo] Sl Jjshe ATt A% wwbh ZojEch

5. £9oF 2150| 2|3 AW

O]

Aol o horet st mlol U Aolehs 7k
o8} 24P} Hw WFol A 4 ek

oFgol o3 2B} Hlof Gow 71 ok Selerow v
ol 1% Eabk 42 4 ek o2& okelsta 2713t
ehm Gtk A3 SAoke V& S Bal B4 Ay
R3S Qo). BE FES Sashe WAL AR Fu

Verbally-induced expectations
Cued and Contextual Conditioning
Social Learning

Figure 3. Psychological mechanisms such as verbally induced ex-
pectations, cued and contextual conditioning, and social learning
trigger the cascade of endogenous opioids and nonopioids. The
result is an alteration of the pain experience that, at least in part,
induces an active inhibition of nociceptive activity and modu-
lation of brain areas predicting placebo analgesic responses. PFC,
prefrontal cortex; ACC, anterior cingulate cortex; SI, primary so-
matosensory cortex; SII, secondary somatosensory cortex; PAG,
periaqueductal gray.

Nociceptive input



dopamine 22 Wi AlFxdEAF0] ZHlHo] ATk
e} R naloxoneo] 28 £9JoF HFo] A= AL
Hop AIA| Ujtoll A obRfrARAlS] 2H]7} Fastte A

& 4= Qltk. I & 7] magnetic resonance imaging (MRI

1T cTJ=3

tlo

=

9 positron emission tomography (PET) 5-& ©]&3+ A&
[e]
=

F oF

3 HUF AFolA ol EFAMAIY] AE7leE o & &

JoF %

il ot > of

JA =ik E3] W 3] (limbic circuitry) 7} 45

ps
o gt S Tl Fck G olHG A A

¢

DL

[ Opioidergic ]

VAN

S@

COr

Figure 4. Neural network involved in placebo analgesia and no-
cebo hyperalgesia. A descending pain inhibitory opioidergic sys-
tem starts from the cerebral cortex and goes down to the hypo-
thalamus (HYPO), periaqueductal gray (PAG), rostroventrome-
dial medulla (RVM), and spinal cord. The dopaminergic reward
system, in which dopaminergic neurons in the ventral tegmental
area (VTA) project to the nucleus accumbens (NAcc), is also
involved. These opioidergic and dopaminergic networks are an-
tagonized by at least two mechanisms, which are at the basis of
nocebo hyperalgesia. On one hand, a cholecystokininergic (CCKergic)
system antagonizes the opioidergic circuit at different levels, for
example, in the rostroventromedial medulla. On the other hand,
deactivations of m-opioids and D2-D3 dopamine receptors oc-
cur in the nucleus accumbens during nocebo hyperalgesia.
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Figure 5. Putative cascade of biochemical events in the brain after
placebo administration. Placebo administration, combined with
the verbal suggestion of analgesia (psychosocial context) might
reduce pain through opioid and/or non-opioid mechanisms by
expectation and/or conditioning mechanisms. The respiratory
centres might also be inhibited by opioid mechanisms. The £
-adrenergic sympathetic system of the heart is also inhibited dur-
ing placebo analgesia, although the underlying mechanism is not
known and could occur through the reduction of the pain itself
and/or the direct action of endogenous opioids. Cholecystokinin
(CCK) counteracts the effects of the endogenous opioids, there-
by antagonizing placebo analgesia. Placebos can also act on sero-
tonin-dependent hormone secretion, in both the pituitary and
adrenal glands, thereby mimicking the effect of the analgesic
drug sumatriptan. ACTH, adrenocorticotrophic hormone; GH,
growth hormone.
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Figure 6. An emerging uncertainty principle imposes limitations on our understanding of the effects of a therapeutic agent.
(A) A clinical trial with 3 arms shows that a placebo is better than no treatment, and that proglumide, an antagonist of
cholecystokinin (CCK), is better than a placebo in relieving pain. According to classical clinical trial methodology, this leads
to the erroneous belief that the cholecystokinin antagonist acts specifically on pain pathways (the bottom-up action)
whereas the placebo acts on expectation pathways (the top-down control). (B) The interpretation in (A) is incorrect because
if the same cholecystokinin antagonist is given covertly, so that the patient is completely unaware that a drug is being
administered and, therefore, has no expectations, the drug has no effect at all. As the drug has analgesic effects only in
association with a placebo procedure, its action is not directed specifically to the pain pathways, but to the expectation
pathways, which enhances the placebo analgesic response. (C) Any analgesic treatment consists of two components: the
specific pharmacodynamic component and the placebo component. The latter is induced by the psychosocial context in
which the treatment is given and elicits expectations of therapeutic benefit. The uncertainty principle in a clinical trial is
represented by the fact that a drug might act on expectation pathways (broken arrow) rather than pain pathways, which
makes it extremely difficult to conclude whether or not a pharmacological substance is a real painkiller. The only way in
which this uncertainty can be partially resolved, and the identity of the real pharmacodynamic effect of a painkiller
established, is through the elimination of the placebo component, and, therefore, of the expectation pathways, by hidden
treatments.
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Figure 7. Summary of brain imaging studies showing the different brain regions that are involved in placebo analgesia. (A)
Brain regions activated by both the administration of a placebo and the administration of an opioid drug, which indicates
that mental events (psychosocial effect) and painkillers (pharmacodynamic effect) might have similar effects on the brain.
(B) Detailed representation of the brain regions that are activated by the administration of a placebo. During the
anticipatory phase, the activated brain regions are likely to represent the activation of a cognitive-evaluative network. (C)
During placebo analgesia, there is a decrease in the activity of different brain areas that are involved in pain processing,
which indicates an effect of the placebo on pain transmission. aAPC, anterior anterior prefrontal cortex; aINS, anterior
insula; DLPFC, dorsolateral prefrontal cortex; OrbF, orbitofrontal cortex; PAG, periacqueductal grey; rACC, rostral
anterior cingulate cortex; rmAPC, rostral medial anterior prefrontal cortex; SPC, superior parietal cortex; Th, thalamus.
Data in panel a taken from REFS 43 and 44. Data in panel b taken from REFS 52 and 54.
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DLPFC

Figure 8. Placebo-induced activation of regional p-opioid re-
ceptor mediated neurotransmission. Some of the areas in which
significant activation of p-opioid neurotransmission during sus-
tained pain were observed after the introduction of a placebo
with expectation of analgesia in two different experimental
designs. On the left, there was evidence of dorsolateral prefrontal
cortex activation, related to individual expectations of analgesia.
On the right, prefrontal activation was localized in the orbito-
frontal cortex, and correlated with nucleus accumbens endoge-
nous opioid and dopamine release. DLPFC, dorsolateral pre-
frontal cortex; dACC, dorsal area of the rostral anterior cingulate
(broadmann areas [BA] 24); NAC, nucleus accumbens; rACC,
rostral anterior cingulate (BA 25); OFC, orbitofrontal cortex;
PAG, periaqueductal gray.
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Figure 9. The neurobiological mechanisms of the placebo effect
are better understood in pain and Parkinson’s disease. In pain,
either endogenous opioids or endocannabinoids can be acti-
vated, depending on the previous exposure to opioid or non-
opioid drugs, respectively. Cholecystokinin (CCK) antagonizes
the action of opioids. In Parkinson’s disease, a release of dop-
amine takes place in the striatum after placebo administration.
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Figure 10. Single neuron recording from a thalamic neuron before
and after placebo administration in Parkinson patients. Note the
increase in firing rate following placebo administration, which is
correlated to clinical improvement.
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Figure 11. Neural circuit involved in the placebo response in Parkinson’s disease. The changes observed in this circuit have been
obtained after pharmacological preconditioning with apomorhine, which suggests that learning is important for these changes
to occur. A release of dopamine in both the ventral and dorsal striatum (Str) occurs. The neurons of the subthalamic nucleus
(STN) and substantia nigra pars reticulata (SNr) have been found to decrease their firing rate, whereas the neurons in the
ventral anterior and anterior ventral lateral thalamus (Th) have been found to increase their discharge. The nuclei in italics and
the broken lines indicate the part of the circuit that has not been studied. Although the release of dopamine in Str and the
neuronal changes in STN, SNr, and Th were found in different studies, the neuronal changes in STN, SNr, and Th are likely to
derive from dopamine release in Str.
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