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Pain Mechanisms: A New Theory

A gate control system modulates sensory input from the
skin before it evokes pain perception and response.

Ronald Melzick and Patrick D. Wall

The nature of pain has been the
subject of bitter controversy since the
wrn of the century (/). There arc
currently two opposing theories of
pain: () speciicity theory, which

holds that pain is a specific modality
like vision or hearing,

with its awn

for pain is produced by intense stimu-
Iation of nonspecific receptors since
“there are no specific fibers and no
specific endings” (3). Both theories de-
rive from earlier concepls proposed by
von Frey (4) and Goldscheider (5)
in 1894, and h iy they are held
to be mutually exclusive, Since it is
our purpose here fo propose a mew
theory of pain mechanisms, we shall
state explicitly at the outsel where we

pattern theories.

Specificity Theory

Specificity theory proposcs that a
mosaic of specific pain receptors in

body tissue projests to a pain center
in the braia. It maintains that free
nerve endings are pain receptors (4)
and generate pain impulses that are
carried by Adelia_and C fibers in

10 2 pain center in the
thalamus (7). Despite its apparent
simplicity, the theory contains an ex-
plicit statement of physiological spe-
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o say
spands anly to intense, noxious stimu-
lation of the skin i a physiological
U says that the re-

statement 0[ fact;

roomlEln
is a psyehological assun

plies a direet connection from the re-
cepior 10 a brain center where pain is
felt (Fig. 1), so that imdition of
the receptor must ahw it

and co

g specia
wravide the power of specifici
theory. s psychological 1.v<nm’m0n s
sehological

theory the conception of o nervous
system: and the model is that of a
l‘md mmﬂma communic:
tem

y theary, which im-
invariant  relationship
between stimulus and sensation, is ex-
amined here in the light of the clini-
cal, psychological, and  physiological

nce concerning pa
Clinical evidence. The patholo
pain states of causalgia (a severe burn-
ing pain that may result from a pa
tial lesion of a peripheral nervel.
phantom limb pain (which may ossur

SCIENCE

after amputation of 4 limb), and the
punpm:ul neuralgias (which may oc-
infections or
dq,cmruuvc discases) provide a dra-
refutation of the concept of a
fxad, divoctlioe marecem sy Fout
features of these syndromes plague pa-
tient, physician, and thearist (8, 10).
1) Surgical lesions of the peripheral
and central nervous sysiem have becn
singularly unsuccessful in abolishing
ins permanently. although the
lesions have been made af almost every
level (Fig. 2). Even after such opera-
tions, pain can often still be elicited
ian below the level of see-
tion and may be more severe than
He o gt 4
Genile touch,  vibration,
olkéc mivmusioes’ skt (8, 1)
trigger excruclating pain,
times pain occurs spontancausly =
long periods without amy apparent
stimulus. The fact that the thresholds
1o these stim ised rather than
lowered in causalgia and the nouralgias
(10, together with the fact that re-
ferred an often. be triggered by
mild stimulation of normal skin (81,
makes it unlikely that the pains can
be explained by postul
cally  bypersensitive
3 The pains and ger
200887 may, sprecl g ity 18
related parts of the body where no

pathology exists 3, 17,
4) Pain from hyperalgesic skin
areas often occurs after long delays,

the stimulus (10}, Gentle rubbing, re-
peated pin pricks. or the application
of 4 warm test tube may produce sud-
den, severe pain after delays as long
a5 35 scconds. Such delays cannot be
atributed  sin to conduction in
slowly conducting fibers: rather. they
imply a remarkable temporal and spa-
tial summation of inputs in the pro-
duction of these pain states (8, 10)

Prycholagical evidence. The psycho-
logieal cvidence fails to support the
assumption of a one-to-one relation-
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have specialized functions that play a
role in pain mechanisms”
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Imaging Pain In North America

Atlas, Baliki, Bajic, Younger, DaSilva, Hubbard, Linnman, Loggia, Simons, and
Many Others
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Normal Brain

Chronic Pain
Brain

Altered
Braln Chemistry Altered Brain
— Network

in
Merse Tracts

Altered Behaviors

Sensory (e.g., spontansous pain at rest)
Affective (e.g., anxiety, depression, suicide, addiction)
Cognitive (e.g., decreased attention)
Emaotional (e.g., reward deficit state)

Center for Pain and the Brain, HMS
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Sensory and Affective Components Of Pain

Multiple representations of pain in human cerebral cortex.

Science. 1991 Mar 15;251(4999):1355-8.

Pain affect encoded in human anterior cingulate but not
somatosensory cortex.

Science. 1997 Aug 15;277(5328):968-71.
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Cognitive and emotional control of pain and its disruption in chronic pain.

Nat Rev Neurosci. 2013 Jul;14(7):502-11.
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Attentional and emotional factors modulate
pain perception via different pathways


http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/23719569
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/2003220
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/9252330
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/9252330

Mapping a Sensory Pathway

Somatotopic activation in the human trigeminal pain pathway. Anatomical changes at the level of the primary synapse in
neuropathic pain: evidence from the spinal trigeminal nucleus.

J Neurosci. 2002 Sep 15;22(18):8183-92. J Neurosci. 2015 Feb 11;35(6):2508-15.

Specific and somatotopic functional magnetic resonance
imaging activation in the trigeminal ganglion by brush and
noxious heat.

J Neurosci. 2003 Aug 27;23(21):7897-903.2002

Segmentally arranged somatotopy within the face

representation of human primary somatosensory cortex.

Hum Brain Mapp. 2009 Mar;30(3):757-65

Trigeminal nociceptive transmission in migraineurs predicts migraine attacks.

J Neurosci. 2011 Feb 9;31(6):1937-43011

2011
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http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/18266215
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/18266215
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25673845
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25673845
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/12223572

Reward circuitry activation by noxious thermal stimuli. Corticostriatal functional connectivity predicts transition to
Becerra L, Breiter HC, Wise R, Gonzalez RG, Borsook D. chronic back pain.

Neuron. 2001 Dec 6;32(5):927-46 Baliki MN, Petre B, Torbey S, Herrmann KM, Huang L, Schnitzer TJ, Fields HL,
Apkarian AV.

Nat Neurosci. 2012 Jul 1;15(8):1117-9.



http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/11738036
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/22751038
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/22751038
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/22751038

Pain Modulation
Identification of discrete functional subregions of the human

Reward circuitry activation by noxious thermal stimuli. periaqueductal gray.

Neuron. 2001 Dec 6;32(5):927-46
Proc Natl Acad Sci U S A. 2013 Oct 15;110(42):17101-6.
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Spinal cord-midbrain functional connectivity is related to perceived pain
intensity: a combined spino-cortical FMRI study.
J Neurosci. 2015 Mar 11;35(10):4248-57.
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Dissecting Circuits

The habenula and pain: repeated electrical stimulation produces prolonged

analgesia but lesions have no effect on formalin pain or morphine
analgesia.

Behav Brain Res. 1993 Apr 30;54(2):171-8.

Unmasking the mysteries of the habenula in pain and analgesia.

Prog Neurobiol. 2012 Feb;96(2):208-19

Ei=

Mapping pain activation and connectivity of the human
habenula.

J Neurophysiol. 2012 May;107(10):2633-48.
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Inter-individual Differences

Neural correlates of interindividual differences in the

subjective experience of pain.

Proc Natl Acad Sci U S A. 2003 Jul 8;100(14):8538-42.

HIGH HIGH vs. LOW
A. Frequency

Z score

2003

COMT vall58met genotype affects mu-opioid
neurotransmitter responses to a pain stressor.

Science. 2003 Feb 21;299(5610):1240-3.

2003

Homozygous for the met158 allele > Pain

Brain networks predicting placebo analgesia in a clinical trial
for chronic back pain.

Pain. 2012 Dec;153(12):2393-402.

2012

Placebo response can be identified a priori
Based on connectivity between PFC and Insula
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Sex Differences

mu-opioid receptor-mediated antinociceptive responses differ in men and
women.

J Neurosci. 2002 Jun 15;22(12):5100-7.

m u-Deactivation
ﬁ n-Activation

Men > Women in
anterior thalamus,
ventral basal ganglia,
and amygdala

-Activation P 2 O O 2

Different brain activation patterns to pain and pain-related
unpleasantness during the menstrual cycle.

Anesthesiology. 2006 Jul;105(1):120-7

Follicular

Luteal .

2006

The role of circulating sex hormones in menstrual cycle-dependent modulation
of pain-related brain activation.

Pain. 2013 Apr;154(4):548-59. doi: 10.1016/j.pain.2012.12.019.

Are there sex differences in placebo analgesia during visceral pain processing?
A fMRI study in healthy subjects.

Theysohn N, Schmid J, Icenhour A, Mewes C, Forsting M, Gizewski ER,
Schedlowski M, Elsenbruch S, Benson S.

Neurogastroenterol Motil. 2014 Dec;26(12):1743-53. d
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Her versus his migraine: multiple sex differences in brain function and
structure.

Brain. 2012 Aug;135(Pt 8):2546-59.
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Pain at the Extremes of Age

Pain sensitivity and fMRI pain-related brain activity in
Alzheimer's disease.

Brain. 2006 Nov;129(Pt 11):2957-65.

not in the infant amygdala
or orbitofrontal cortex

yoo 9 2006
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fMRI reveals neural activity overlap between adult and infant pain.

Elife. 2015 Apr 21;4.
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Main Pointers: CNS Neurobiology

* |maging can map specific and functional circuits
involved in:

— Pain Sensation
— Pain Emotion
— Pain Modulation
— Other (specific circuits)
* |maging can demonstrate individual differences that
are present in the response to nociception and pain
— Sex
— Age
— Other (genetic, epigenetic)

Center for Pain and the Brain, HMS
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Pain Anticipation, Anxiety and Fear

Dissociating pain from its anticipation in the human brain.

Science. 1999 Jun 18;284(5422):1979-81.

A-Insula Cerebellum

1999

Exacerbation of pain by anxiety is associated with activity in a hippocampal

network.

J Neurosci. 2001 Dec 15;21(24):9896-903.

Mideingulate Orbitofrontal cortex

! Thatamus
Hippocampus Hippocampus

Entorhinal cortex

Parigenual cingulate

Pwige‘rwal cingulate | I

Mid-/ Parainsula

The responsive amygdala: treatment-induced alterations in
functional connectivity in pediatric complex regional pain

syndrome.

Pain. 2014 Sep;155(9):1727-42.
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Placebo (Nocebo)

Placebo and opioid analgesia-- imaging a shared neuronal
network.

Science. 2002 Mar 1;295(5560):1737-40.

2002

Placebo-induced changes in FMRI in the anticipation and

experience of pain.

Science. 2004 Feb 20;303(5661):1162-7.

A 0.6
_.-- { ™y
Y 0.4 i e
; n‘ 1 _-'f,-*' ‘;\
. 02 ## ey
- ¥ \ \
\ Pt Yy £ N o,
. ¥ \
k _1 v Opie ) e ::-.pmﬁn?"i&: =g
0.6
B . »— Control
- I =— Placabo
----- A"
A g AN\
5 A L
= I - A w
= Id '\.-"A .
. o
81 ‘_f’ <4 o e
’ t R = Feat Feaponse -

2004

0. i L
%5 10 15 20 25 30 35 40 45 50 55 60 65 70

Decreased in activation in thalamus, insula and ACC
to placebo and Increased in PFC to anticipation

Direct evidence for spinal cord involvement in placebo
analgesia.

Science. 2009 Oct 16;326(5951):404

- "= 2009

Activation of the opioidergic descending pain control system
underlies placebo analgesia.

Neuron. 2009 Aug 27;63(4):533-43.

Resting state connectivity correlates with drug and placebo

response in fibromyalgia patients.

Neuroimage Clin. 2014 Sep 16;6:252-61.
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2014

Decreased Fc - anterior cingulate cortex (ACC) and
the insular cortex (IC), as well as between the
periaqueductal gray (PAG) and the IC


http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/11834781
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/11834781
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/14976306
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/14976306
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19833962
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19833962
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19833962
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19709634
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19709634
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25379438
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25379438

Pain Catastophizing

Creates™ s . cx
1oy OW"__ Storms
And i1
Then Get Upset
When It Rains !!

www.pinterest.com

Pain catastrophizing and neural responses to pain among persons with

fibromyalgia.
Gracely RH, Geisser ME, Giesecke T, Grant MA, Petzke F, Williams DA, Clauw

DJ.
Brain. 2004 Apr;127(Pt 4):835-43.

2004

Cortical responses to pain in healthy individuals depends on
pain catastrophizing.

Pain. 2006 Feb;120(3):297-306.

2006

Enhanced medial prefrontal-default mode network
functional connectivity in chronic pain and its association
with pain rumination.

J Neurosci. 2014 Mar 12;34(11):3969-75.

Enhanced mPFC FC related to
pain rumination

TMD > HC.
B Pain rumination positively
related to mPFC FC in TMD

PCCIPCu mPFC
=
25 d

e 9014

FC

Pain rumination

Altered Brain Structure and Function Correlate with Disease Severity and
Pain Catastrophizing in Migraine Patients.

Eneuro. 2014 Dec 30;1(1):e20.14.
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Empathy and Pain

Can we share a pain we never felt? Neural correlates of
empathy in patients with congenital insensitivity to pain.

Empathy for pain involves the affective but not sensory
components of pain. Neuron. 2009 Jan 29;61(2):203-12.

Science. 2004 Feb 20;303(5661):1157-62.
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Main Pointers: Applied Biology

 |maging Places Placebo in a Neurobiological Context of
Systems Neurobiology
— Patients may respond differently to Placebo vs. healthy controls
— Placebo is complex and needs to be understood in terms of long
term effects in patients
— Enhancing and prolonging the Placebo Response is a major
challenge

e Psychological Constructs (e.g., Fear and Catastrophizing)
are clear and common elements in the complexity of
chronic pain (Altered Brain)

— Represent a “brain state” that is fertile for pain chronification
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Phantom Limb Pain

Phantom-limb pain as a perceptual correlate of cortical Mirror therapy for phantom limb pain: brain changes and the
reorganization following arm amputation. role of body representation.

Eur J Pain. 2014 May;18(5):729-39.
Nature. 1995 Jun 8;375(6531):482-4.

All pationts (N = 11}

Pre-phase Training phase Post-phase

Pain rating (VAS, 0-100)

2013

Network-level reorganisation of functional connectivity
following arm amputation.

Neuroimage. 2015 Mar 14.

Amputees>Controls
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Glia and Neuroinflammation

Brain plasticity and microglia: is transsynaptic glial activation in

Evidence for brain glial activation in chronic pain patients.

the thalamus after limb denervation linked to cortical plasticity

and central sensitisation?

J Physiol Paris. 2002 Apr-Jun;96(3-4):289-99.

Brain. 2015 Mar;138(Pt 3):604-15.
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Gray Matter Changes Brain gray matter decrease in chronic pain is the consequence and
not the cause of pain.

Chronic back pain is associated with decreased prefrontal and
thalamic gray matter density. J Neurosci. 2009 Nov 4;29(44):13746-50.

J Neurosci. 2004 Nov 17;24(46):10410-5.

2009

Effective treatment of chronic low back pain in humans reverses
abnormal brain anatomy and function.

Gray matter decrease in patients with chronic tension type

headache.
J Neurosci. 2011 May 18;31(20):7540-50.
Neurology. 2005 Nov 8;65(9):1483-6. A Contol  _cCLBP B
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Cognitive-behavioral therapy increases prefrontal cortex gray
matter in patients with chronic pain.
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Other Neuropathic Pain States

Altered resting state in diabetic neuropathic pain.

PLoS One. 2009;

j1inin

o N
83

Orofacial Neuropathic pain

Different pain, different brain: thalamic anatomy in neuropathic
and non-neuropathic chronic pain syndromes.

J Neurosci. 2011 Apr 20;31(16):5956-64.

2011
Painful Diabetic Neuropathy

fMRI evidence of degeneration-induced neuropathic pain in
diabetes: enhanced limbic and striatal activations.

Hum Brain Mapp. 2013 Oct;34(10):2733-46.

2013

Post-herpetic Neuralgia

Self-regulation of brain activity in patients with postherpetic neuralgia: a
double-blind randomized study using real-time FMRI neurofeedback.

PLoS One. 2015 Apr 7;10(4):e0123675.

2015
Small Fiber Neuropathy

Imaging signatures of altered brain responses in small-fiber neuropathy:
reduced functional connectivity of the limbic system after peripheral nerve

degeneration.

Pain. 2015 May;156(5):904-16

2015


http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19229326
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/19229326
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25734991
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25734991
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25734991
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25848773
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/25848773
http://www.ncbi.nlm.nih.gov/pubmed/22522975
http://www.ncbi.nlm.nih.gov/pubmed/22522975
http://www.ncbi.nlm.nih.gov/pubmed/21508220
http://www.ncbi.nlm.nih.gov/pubmed/21508220

Pain In Children

Intrinsic brain networks normalize with treatment in pediatric
complex regional pain syndrome.

fMRI reveals distinct CNS processing during symptomatic and
recovered complex regional pain syndrome in children. Neuroimage Clin. 2014 Aug 10;6:347-69.

Sensorimotor

Brain. 2008 Jul;131(Pt 7):1854-79.
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Reward-aversion circuitryv in analgesia and pain: implications for Association of major depressive disorder with altered functional brain

schiatric disorders response during anticipation and processing of heat pain.
Borsook D, Becerra L, Carlezon WA Jr, Shaw M, Renshaw P, Elman |, Levine J. Strigo IA, Simmons AN, Matthews SC, Craig AD, Paulus MP.

Eur J Pain. 2007 Jan;11(1):7-20, Arch Gen Psychiatry. 2008 Nov;65(11):1275-84.

: insights from reward and addiction

neuroscience.
Elman |, Borsook D, Volkow ND.

Prog Neurobiol. 2013 Oct;109:1-27
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Stress and Pain

Understanding migraine through the lens of maladaptive stress The stress model of chronic pain: evidence from basal cortisol and
responses: a model disease of allostatic load. hippocampal structure and function in humans.

Neuron. 2012 Jan 26;73(2):219-34.
Brain. 2013 Mar;136(Pt 3):815-27
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Neural circuitry mediating inflammation-induced central pain
amplification in human experimental endotoxemia.

£ Altered response to
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Brain Behav Immun. 2015 Apr 14. pii: S0889-1591(15)00111-7
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Excitatory neurotransmitters in brain regions in interictal migraine
Abnormal brain chemistry in chronic back pain: an in vivo proton atients.

magnetic resonance spectroscopy studv. E[Jerssi:itnAIé B;g::srgsz,DPendse G, Tully S, Jensen E, Hargreaves R, Renshaw P,
Grachev ID, Fredrickson BE, Apkarian AV. ! )

Pain. 2000 Dec 15:89(1):7-18. Mol Pain. 2009 Jun 30;5:34.

A Control
® Migraine
—LDA

Pregabalin rectifies aberrant brain chemistry, connectivity, and
functional response in chronic pain patients.

Harris RE, Napadow V, Huggins JP, Pauer L, Kim J, Hampson J, Sundgren PC,
Foerster B, Petrou M, Schmidt-Wilcke T, Clauw DJ.

Anesthesiology. 2013 Dec;119(6):1453-64.

Regional chemical
E8858°

2, 2,
fisiaces

8DEOEOLLLL
1

B8

¢

GH G

Regional chemical

i

£
H

INRRE0OERER

H



http://www.ncbi.nlm.nih.gov/pubmed/11113288
http://www.ncbi.nlm.nih.gov/pubmed/11113288
http://www.ncbi.nlm.nih.gov/pubmed/24343290
http://www.ncbi.nlm.nih.gov/pubmed/24343290
http://www.ncbi.nlm.nih.gov/pubmed/19566960
http://www.ncbi.nlm.nih.gov/pubmed/19566960

Diffuse optical tomography of pain and tactile stimulation:
activation in cortical sensory and emotional systems.
Becerra L, Harris W, Joseph D, Huppert T, Boas DA, Borsook D.
Neuroimage. 2008 Jun;41(2):252-9.

Healthy Volunteers, Painful Stimuli Sensors and ROI Cardiac Ablation Under Anesthesia
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Opioids Change the Brain

Alterations in brain structure and functional connectivity in

Prescription opioid analgesics rapidly change the human brain.

prescription opioid-dependent patients.

Brain. 2010 Jul;133(Pt 7):2098-114.
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Main Pointers: Chronic Pain

Chronic Pain has consequences on our Brains
— Disarray of Circuits
— Disarray of Chemistry
— Altered Structure (white and gray matter)

Imaging has Transformed our understanding of Chronic Pain
— Defining an objective measure
— Transition to Chronic Pain
— Understanding and Segregating Comorbidity

Imaging Transforms the treatment of our patients
— Predicting Pain and Treatment
— Measure pain in the OR
— Evaluate the long term effects of drugs

Center for Pain and the Brain, HMS
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Translational Imaging I:
Structure and Function

MRI structural brain changes associated with sensory and
emotional function in a rat model of long-term neuropathic

ain.

Neuroimage. 2009 Sep;47(3):1007-14.

2009

CNS activation maps in awake rats exposed to thermal stimuli

to the dorsum of the hindpaw.

Neuroimage. 2011 Jan 15;54(2):1355-66.

2011

Robust reproducible resting state networks in the awake
rodent brain.

PLoS One. 2011;6(10):e25701.

2011

Role of nucleus accumbens in neuropathic pain: linked multi-scale evidence
in the rat transitioning to neuropathic pain.

Pain. 2014 Jun;155(6):1128-39.

2014

Metabolic brain activity suggestive of persistent pain in a rat
model of neuropathic pain.

Neuroimage. 2014 May 1;91:344-52,

2014
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Translational Imaging Il: An Example -
Capturing Cortical Spreading Depression

Triptan Saline
. . . . . 5
Mechanisms of migraine aura revealed by functional MRl in
human visual cortex. N e WY o N
Hadjikhani N, Sanchez Del Rio M, Wu O, Schwartz D, Bakker D, Fischl B,
Kwong KK, Cutrer FM, Rosen BR, Tootell RB, Sorensen AG, Moskowitz
MA.
Proc Natl Acad Sci U S A. 2001 Apr 10;98(8):4687-92.
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Translational Models llI:
Drugs and Circuits

CNS response to a thermal stressor in human volunteers and rats

may predict the clinical utility of analgesics

Drug Development Research, Feb 2007 23-41,

Subjective Ratings fMRI Response Quantitative Analysis
Good
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Drugs
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2007

Parallel buprenorphine phMMRI responses in conscious rodents
and healthy human subjects.

Becerra L, Upadhyay J, Chang PC, Bishop J, Anderson J, Baumgartner R,
Schwarz AJ, Coimbra A, Wallin D, Nutile L, George E, Maier G, Sunkaraneni S,
lyengar S, Evelhoch JL, Bleakman D, Hargreaves R, Borsook D.

J Pharmacol Exp Ther. 2013 Apr;345(1):41-51.

A Rat (PhMRI Activation] B

Human [PhRI Activation)
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Analogous responses in the nucleus accumbens and cingulate
cortex to pain onset (aversion) and offset (relief) in rats and
humans.

J Neurophysiol. 2013 Sep;110(5):1221-6.

Pain Onset Pain Offset
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Drug Development | Pain facilitation brain regions activated by nalbuphine are
revealed by pharmacological fMRI.

A role for fMRI in optimizing CNS drug development.

Nat Rev Drug Discov. 2006 PLoS One. 2013;8(1):e50169.

Malecular imaging (PETH Molecular diagnostics
Functional imaging (IMRI) Genoric profiling

Dissecting Drugs

Copyright © 2006 Nature Publishing Group
Nature Reviews |

Modulation of CNS pain circuitry by intravenous and sublingual doses of
buprenorphine.

Decision-making using fMRI in clinical drug development:
revisiting NK-1 receptor antagonists for pain.

Neuroimage. 2012 Feb 15;59(4):3762-73.
Drug Discov Today. 2012 Sep;17(17-18):964-73.
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Use of functional imaging across clinical
Borsook D, Becerra L, Fava M.

Transl Psychiatry. 2013 Jul 16;3:282.

hases in CNS drug development.

CNS Activation
(Regions or Networks)

Learning to identify CNS drug action and efficacy using multistud
fMRI data.

Duff EP, Vennart W, Wise RG, Howard MA, Harris RE, Lee M, Wartolowska K,
Wanigasekera V, Wilson FJ, Whitlock M, Tracey I, Woolrich MW, Smith SM.

Sci Transl Med. 2015 Feb 11;7(274):274ral6

A Pain responses
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B Mean drug effects
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C SVM drug discrimination weightings
4

Pharmacologic modulation of hand pain in osteoarthritis: a
double-blind placebo-controlled functional magnetic resonance

imaging study using naproxen.
Sanders D, Krause K, O'Muircheartaigh J, Thacker MA, Huggins JP, Vennart W,

Massat NJ, Choy E, Williams SC, Howard MA.
Arthritis Rheumatol. 2015 Mar;67(3):741-51
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Main Pointers: Translational Aspects

 |maging is a “language of translation”
— Better animal models based on circuits

* |maging can improve Drug Development
— Go-no go decisions
— Surrogate models
— Functional Circuits = Behaviors
e |maging can Improve Clinical Trials
— Go-nogo decisions in Phase |
— Responders vs. Non-responders in Phase |l
— Long term effects (e.g., disease modification)

Center for Pain and the Brain, HMS
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Healthy
Adaptive Processes

Borsook and Kalso, 2013

Chronic Pain
Maladaptive Processes

Pain intensity

Pain Unpleasantness
Autonomic Disturbance
Sex Drive -
Appetite .

Chronic Pain
Individual Responses

Sleep Disturbance
Depression

Anxiety

Motor Activity
Cognitive Dysfunction

Center for Pain and the Brain, HMS
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Clinical Presentation Resting State Networks
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>144 Peer Reviewed Papers

A. Vania Apkarian

Bralﬂ Adaptlng Dr. Apkarian has studied pain for two decades,

Wlth PEIII] both in animal mode!s and fM.RI studies in_
humans. His current interests include cortical
| dynamics of pain as well as brain plasticity. His
overall goal is the uncovering of brain
mechanisms underlying PAIN QUALIA. This
work aims to alleviate clinical pain conditions
and achieve a more profound theoretical and

mechanistic understanding of the brain.
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