... NEUROSCIENCE

NEW CULPRITS IN

CHRONIGC

PAIN

Glia are nervous system caretakers whose nurturing
can go too far. Taming them holds promise for alleviating

KEY CONCEPTS

m Chronic pain that persists

after an injury heals is
often caused by overly
excited pain-sensing neu-
rons that signal without
an external stimulus.

= Traditional pain drugs that

target neural cells directly
rarely quiet these abnor-
mal pain messages be-
cause the neurons' height-
ened sensitivity is driven
by a different type of cell

~ called glia.

Such cells monitor the
activity of neurons and
attempt to keep them

healthy and functioning
efficien

oned glial reactic
intense p;ai‘ an af
prolong that pain.

' —The Editors
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tly. But well-inten-

pain that current medications cannot ease

elen’s left foot slipped off the clutch on
H impact, twisting her ankle against the

car’s floorboard. It felt like a minor
sprain at the time, she recalls, but the pain nev-
er subsided. Instead it intensified. Eventually,
the slightest touch, even the gentle brush of bed
linen, shot electric flames up her leg. “I was in
so much pain I could not speak, yet inside I was
screaming,” wrote the young Englishwoman
in an online journal of the mysterious condi-
tion that would torment her for the next three
years.

The chronic pain suffered by people like Hel-
en is different from the warning slap of acute
pain. Acute pain is the body’s most alarming, in-
tense sensation, whose purpose is to stop us from
further injuring ourselves. This type of pain is

BY R. DOUGLAS FIELDS

also called pathological pain because an exter-
nal cause, such as tissue damage, produces the
signals that travel the nervous system to the
brain, where they are perceived as pain. But
imagine if the gut-wrenching agony of a real in-
jury never stopped, even after the wound healed,
or if everyday sensations became excruciating:
“T was unable to shower ... the water felt like
daggers,” Helen remembers. “The vibrations in
a car, someone walking across floorboards, peo-
ple talking, a gentle breeze ... would set off the
uncontrollable pain. Common painkillers ...
even morphine had no effect. It was like my
mind was playing tricks on me.”
Unfortunately, Helen was right. Her chronic
pain stemmed from a malfunction in the body’s
pain circuits, causing them to continually trig-
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[BASICS]

PAIN CIRCUITRY

Smﬂunn‘mm an injured | part of thu hqcf]r travel through three stages of neral clreuitry
bqhnbejny perceived as pain by the brain, At the relay pointin the spine where messag-
esare pmad from the first stagm the next, support cells called glia monitor and regu-
late the behavior of neurons to ease the transmission of signals,

& PAIN SENSATION

After an injury, such as breaking a toe, sensory nerves @ responsible for detecting
naxious stimuli carry the signals from the leg to the dorsal horn of the spinal cord. Inside
the spinal cord those peripheral sensory nerve fibers relay their messages to dedicated
pain-transmitting neurons that carry the signals up the spinal cord to the base of the
brain €. When the signals reach the cerebral cortex @), they are perceived as pain.
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ger a false alarm, one thar is termed neuropachic
because it anses from the misbehavior of the
nerves themselves. When the false signals reach
the brain, the agony they inflict is as real as any
life-threatening pain, yet it never goes away and
doctors are often powerless o quier it.

Recent research is finally elucidaring why tra-
ditional pain drugs often fail o quell nouropathic
pain: the drugs target only neurons when the un-
derlying source of the pain can be the dysfunction
of nonneuronal cells called glia that reside in the
brain and spinal cord. New msights into how
these cells, whose job s to nurture the activity of
neurons, can themselves become unbalanced and
disrupt neuronal function are sparking new ideas
for reating chromic pain. The work is also provid-
ing a surprising perspective on an unfortunace
corollary of current pain treatment in some peo-
ple: narcotic addicrion,

Pain Circuits and Breakers
Understanding what could cause pain to persist
after an injury has healed requires some knowl-
edge of what causes pain at all. Although the
sensation of hurt is ultimately perceived in the
brain, the nerve cells thar produce ir are not
located there; rather they line the spinal cord,
gathering sensory information from throughoue
the body. Dorsal root ganglion (DRG) neurons,
which represent the frst stage of a three-part
pain-sensing circuit, have cheir cell bodics
stuffed like clusters of grapes in the seam
between each vertebra of the backbone, resem-
bling rows of buttons on a double-breasted jack-
et running from tailbone ro skull, Each DRG
neuron, like a person with two outstretched
arms, extends one slender fecler, known as an
axoen or fiber, ourward to survey a tiny disrant
resion of the body while reaching irs other axon
into the spinal cord to touch a nearon thar will
relay impulses chrough che second stage o pain
cireuitry, a ¢hain of spinal cord neurons, These
spinal pain-rransmicting cells in the cord relay
messages from DRG nearons up to the linal
stage, the brain stem and ulumately the cerebral
cortex. Pain signals originating from the left side
of the body cross inside the spinal cord ro travel
to the right brain, and signals from the righe side
are sent to the left brain.

Interrupting the flow of information at any
point along the three-stage pam circuit can blunt
acute pain. Local anestherics, such as the Novo-
cain dentiscs use to painlessly extract a worh,
numb axon tips around the injection site, pre-
venting the cells from firing eleccrical impulses,

November 2008

ANDREY SWIET




COURTEST O &, DOOGLAY FIFLEY (Feok]] SOURCE FOR GLOTIATT MirFERATDEAL ASSOCIATION QN THE STl of Fu

A “spinal block,"” often used to dliminare pain in
childbirth, stops pain impulses at the second
stage of the circuit, as bundles of DRG cell ax-
onsenter the spinal cord o meet spinal neurons,
This blockade leaves the mother fully consclous
o experience and assiscin the painless delivery
of her child, A morphine injection works ar the
sume locarion, reducing transmission of pain
signals by spinal neurons while leaving aware-
ness of nonpainful sensations inceer. In contrast,
general anesthetics used in magor surgery disrupt
information processing in the cerebral cortex,
rendering the patient completely unaware of any
sensory input from newral pathways outside the
hrain.

Our body's natural painkillers work ar these
same three links in the pain cireuit. A soldier
charged wirh adrenalin in battle may suffer
grievous injury while unaware af the wound be-
cawse the cerebral cortex ignores the pain signals
while dealing with a highly emotional and life-
threatening situntion, In narural childbirth, a
woman's body releases small proteins called en-
dorphins that dampen the transmission of pain
signals as they enter her spinal cord,

Hormones, emovonal states and numerous
other factors can also dramatically aleer a per-
son's perceprion of pain by modulanng the crans-
misston of messages along pain pathways, [n
addirion, many hiological processes and sul-
stances thar alter the ebb and flow of molecules
through ion channels in individual nerve cells
all contribute o regulating che sensitivity of
nerves themselves, When an injury occurs, these
Factars can ease controls on neuronal firing,
thereby facilitating the neurons” job of transmit-
ting pain signals.

That unmhibited state, however, can last too
long, leaving DRG cells hypersensitized and
causing them ro fire pan messages withour an
external stimulus. This sicuation 15 che primary
cause of neuropathic paimn, The increased nevral
sensitivity can also cause abnormal feelings of
ringling, burning, tickling and numbness {par-
esthesial or, as in [lelen’s experience of the show-
erof daggers, can amplify light touch or rempera-
ture sensations o painful levels {ullodynia).

Efforts to understand how neurons in the
pain cirguicry become hy persensitive afrer injury
have, net surprisingly, long focused on what
goes wrong in nenrens—work that has yielded
some clues but not o complere picrure. My own
research and that af many colleagues bave dem-
onscrated, for instance, that che very act of Airing
impulses to send pam signals aleers the actviry
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R. Douglas Fields is editor in
chief of the journal Neuron Glia
Biology and has written several
articles on neuroscience topics for
Sciantific American, mast recently
in March 2008 abowt the role of
white matter in the brain. His

forthcoming book, The Other Brain

[Samon & Schuster), describes
new insights into how glia
regulate brain functions in
health and disease,

GLOSSARY

NEUROPATHIC PAIN
Persistent pain that develops after
nerve damage caused by injury,
Carni include unpleasaint sensations,
numhing, burning, prickling. heat,
cold and swelling. Other causes of
nerve dimage that keads 1o meurn -
pathic pain indude virsl infection of
nerves, disbetic damage 1o periphor
al nerves, ar nerve injury resulting
from cancer-related surgery, chemo
therapy or nutritional deficits,

ALLODYHNIA
Perception of nongainful towch or
temperatue stims a4 painful.

HYPERALGESIA
Increased sensitivity 1o
patriful stimull.

HYPERESTHESIA
Increased semsitivity to stimulation
(hyperalgssas piun allodynia)

PARESTHESIA
Abnermal sensatian, such 2
burning, In response to touch.

of genes inside pain newrons. Some genes regu-
lated by neuronal firing encode the ion channels
and other substances that heighten the cells’ sen-
sitivity. The intense acrivarion of DRG cells
when tissue is injured can thus cause the kinds
of sensitizing changes in those neurons thar
might result in nevroparhic pain later on. Qur
studies and the work of other laboratorics also
reveal, however, thar ncurons are not the anly
cells responding o pamful injury and releasing
the substances chat promote neural sensitivicy.

Glia far outnumber neurons in the spinal cord
and brain. They do not Are elecerical impulses,
as newrons do, but they have some Interesting
and important properties that influence neu-
ronal firing. Glia maintain the chemical environ-
ment surrounding newrons: bevond delivering
the energy that sustains the nerve cells, they sop
up the neurotransmitters thar neurons release
when they fire an impulse 10 a neighboring neu-
ron. Sometimes glia cven dispense neurotrans-
mitters to augment o modu late the transmission
of neuronal signals. When neurons are injured,
glia relense groweh factors that promote nearal
survival and healing, and they release substane-
es tharcall oo cells in the immune system o Aght
infection and initiate healing. And ver recent re-
scarch 1s revealing thar chese activities on the
part of glia, 1o nurture neurons and facilitare
their activities, can also prolong the state of neu-
ral sensitization,

Glia Become Suspect
For more than a century scientists have known
thart glia respond to injury. In Germany in 1894
Franz Nissl noticed that after a nerve is dam-
aged, ghal cells ar the spots where nerve fibers
gonnect in the spinal cord or brain change dra-
matically, Microgha become more abundant,
and a larpger rype, called astrocyres because of
their star-shaped cell bodies, becomes much
becher, plumped up with thick bundles of fla-
mentous fibers chat fortify irs cellular skeleton.

These glial responses were commonly under-
stood to promote nerve repair after injury, but
herw they did so was unclear. Furthermore, ifan
injury—such as a twisted ankle—is inflicred far
from the spinal pam cirennry, the ascrocytes in
the spine must be responding not to direcr injury
bur rather to changes in signaling at the relay
point berween DRG and spinal newrons. This
observation implied thar astrocyres and micro-
glia were monitoring the physiological proper-
ties of poin neurons.

Uhver the past two decades glia have been

SCIENTIFIC AMERICAN 3.5




[PAIN LOOP]

TOO MUCH OF A GOOD THING

After an injury, glia sensing that intensively firing neurons are in distress
react to restore balance and promote healing. But these beneficial chang-
es, if prolonged, can lead to chronic neural hypersensitivity that causes
pain to continue after the original injury has healed. Often such
neuropathic pain begins with nerve damage, which triggers
glial responses that further excite neurons.

Astrocyte
GLIA ACTIVATION »
An injury that damages nerve fibers produces a
barrage of pain signaling in the dorsal horn of
the spine, where peripheral sensory nerves
meet spinal pain neurons. An intensively firing
sensory neuron generates large amounts of
neurotransmitters as well as other mole-
cules that glia interpret as signs of
distress @D, sending the helper cells
into a reactive state. Glia normally
mop up excess neurotransmitters, but
reactive glia reduce their neurotrans-
mitter uptake and begin producing
molecules intended to stabilize and
heal the neurons @3. These glial factors
act to either reduce inhibitory forces on
neurons or to stimulate them, allowing the
cells to fire more easily. Neural distress also
causes the glia to release cytokines €, which .
induce inflammation, a healing response that
also further sensitizes neurons.

GLIAL FACTORS
Glutamate,
ATP, nitric oxide,

Microglia - substance P,
oB

DISTRESS

SIGNALS
GLIA-SUSTAINING PAIN Glutamate,
Excitatory/inflammatory signaling by reactive glia can ATfﬁg;tt:;?:fe' |
activate neighboring glia, perpetuating and spreading fractalkines,'

neural hypersensitivity in the spinal cord. Activated spinal
astroglia are visible below (bright green, left), filling the
rightdorsal horn of arat-where DRG andspinal neurons meet—
10 days after injury to the sciatic nerve in the animal’s right
leg. Glia on the left (image below right) are quiet.

potassium ions

neuron

Intense
pain signal

RIGHT DORSAL HORN

— Intense
pain signal

Spinal pain
neuron

INFLAMMATORY
CYTOKINES
IL-1B, 116, TNFee

shown to possess many mechanisms for detect-
ing electrical activity in neurons, including chan-
nels for sensing potassium and other ions re-
leased by neurons firing electrical impulses and
surface receptors for sensing the same neu-
rotransmitters that neurons use to communicate
across synapses. Glutamate, ATP and nitric ox-
ide are among the significant neurotransmitters
released by neurons that are detected by glia, but
many others exist. This array of sensors allows
glia to survey electrical activity in neuronal cir-
cuits throughout the body and brain and to re-
spond to changing physiological conditions [see
“The Other Half of the Brain,” by R. Douglas
Fields; SCIENTIFIC AMERICAN, April 2004].
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Once scientists recognized the breadth of
glial responses to neural activity, attention re-
turned to the support cells’ suspicious behavior
at pain-relay points. If glia were monitoring
neural pain transmissions, were they affecting
them, too? Exactly 100 years after Nissl’s ob-
servation of glia responding to nerve injury, a
simple experiment first tested the hypothesis
that glia might participate in the development
of chronic pain. In 1994 Stephen T. Meller and
his colleagues at the University of lowa injected
rats with a toxin that selectively kills astro-
cytes, then assessed whether the animals’ sen-
sitivity to painful stimulation was reduced.
It was not, showing that astrocytes have no ob-
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vious role in the transmission of acute pain

Mext the sciencists treated rars with a nerve
fiber irricant that caused the animals o gradu-
ally develop chromic pain, much as Helen expe-
rienced long afrer the car accident irricated the
nerves in her nnkle. Animals injected with the
astrocyte poison developed dramarically lesy
chronic pain, revealing thar astrocytes were in
some way responsible for the onset of chronic
pain after nerve inury. Subseguent research has
revealed how,

Glia release many types of molecules char
¢an increace the sensitivity of DRG and spinal
cord nevrons relaving pain sgoals to the braim,
including growth factors and some of the same
negrotransmirters that neurons chemselves pro-
duce. Scientists have come 1o realize that glia in-
terpret eapid neural firing and the neural chang-
e it induces us o sigin ol distress in the nearons,
In response, glia release the sensitizing mole-
cules to ense the stress on the neurons by facili-
tating thelr signaling and vo begin their healing,

Another vical class of malecules thar glia gen-
crate in response o neuronal damage or distress
are cytokines, which is shorthand for “cyio-
kinetic,” meaning cell movement., Cyrokines act
as powerful chemical beacoas that cells in the
immune system follow to reach the site of an in-
jury. Consider the immense necdle-in-the-hay-
stack problem a cell in your immune system fac-
esin Anding o tiny splinter embedded in your fin-
gertip, Potent cyrokines released from cells
damaged by the splinter beckon immune system
cells fromthe blood and lymph to rush o the fin-
gertip o fightinfection and initare repair, They
also induce changes in the tissue and local blood
vessels thar case the work of immune cells and
promote healing but thar resul in redness and
swelling, The collective effects of cyrokine sip-
naling are called inflammarion.

A splinter demonstrates how effective cyro-
kines are in targeting immmne celle o a woond,
buc even more impressive is how puinful a tiny
splinter can be—che pain is far our of propor-
tion o the mmuscule tissoe damage suffered.
Soon eventhe area surrounding the splinter be-
comes swillen and painfully sensiive, although
these neighboring skin cells were unbarmed,
The pain surrounding an injury is caused by an-
other acvion of inflammarory cytokines: they
greatly amplify che sensicivity of pain Abers, Su-
persensitizing pain sensors near an injury is the
body's war of making us leave the site alone so
that it can heal,

Newrons, as a rule, are not the source of cy-
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rakinesin the nérvous everem—glia are, And juse
as cytokines can make the nerve endings sur-
rounding a splinter in your fingercip hy persensi:
tive, the cytokines released by glia in the spinal
cord in response o intensive pain sgnaling can
spread to surrounding nerve fibers and make
them hypersensive as well, A cyole may begin of
oversensitized neurons Aring wildly, which sends
glhia into a reactive state, in which they pour out
more sensitizing factors and ovrokings in an at-
rempe co relieve the neurons” distress bue end up
inscead prolonging i When thar eccurs, pain
can originate within the spmal cord from nerve
fibers that are not directly injured.

The initial responses of glia to an injury are
beneficial for healing, but if they are too intense
or continue ton long, unstoppable chronic pain
is the result, Several research groups have docu-
mented the leedback loops that can canse gliato
prolong their release of the sensitizing factors
and inflammarory signaling char leads ro nenro-
pathic pain, and many are experimenting with
ways o reverse those processes, This work has
even led to ways of making the narcotics used in
treacing acute pain more effective.

Stopping Pain at Its Source

In the past, all treatments for chronie pain have
been dirccted toward dampening che activity of
neurons, but the pain cannot abate if glia con-
timue to incite the nerve cells, Insights into how
glia can fall into their vicions nerve-sensitizing
cycle are leading 10 new approaches w targening
dysfunctional glia in the hope of stopping a fun-
damental source of neuropathic pain, Experi-
mental effores to treat nevropathic pain by mod-
ulating glia are merefore focusing un quieting
gha themselves, blocking inflammarory rrigger
molecules and signals and delivering anti-inlam-
matory signals,

Inanimal expertments, for instance, Joyee A,
Delec and her colleagues ar Daronouth Medi-
cal School have shown that a chemical called
propentofylline suppresses astrocyte activation
and thereby chronic pain. The antibiotic mino-
cycline prevents both neurons and glia from
making inflammarory cyrokines and nitric ox-
icle, as well us reducing the migration of micro-
glia toward injury sites, suggesting the drug
could prevent glial hy peracovacion,

A relaced approach centers on Toll-like recep-
rows (1 LRs), surface proteins on glial cells that
recognize certain indicators of cells in distress
and prod gha to begin emitring cytokings. Lin-
da K. Watkins of the University of Colorado ar

PAIN FACTS
10% to 20%

of the U.S. and European populations
repet chronic pain,

59%
at chronic pain sulterers are femake.

18%
ol adolts with chronic paén vsil an
piremative medicing therapia

of primary care physicians in 3 recent |
surary felt comfortable treating |
patients for cheanic pain.

41%

of dotors said they would wail
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Boulder and her colleagues have shown in ani-
mals that using an experimental compound to
block a particular TLR subiype. TLR-4, on gli-
al cells in the spinal cord reversed nearopachic
pain that sremmed from damage oo the scuatc
nerve, lnterestngly, noloxone—a drog used wo
blurt the effects of opates in addicoion treat-
ment, also blocks glial responses to TLR-4 ac-
ovanon. Watkins has demonserated in mts thar
naloxone can reverse Tully developed neuro-
parchic pain.

Another existing drug, indeed an ancient
pain-relieving substance thar can work when
many others fail, is merguana, which has been
legalized for medicinal use in some stares, Sub-
statices in the marijuona plant miinic narweal
compounds m the brain called cannabinoids,
which activate cerrain receptorson nedrons and
regulare neurzl xignal transmisaon.

Two types of cannalinoid recepror occur in
che brain and rervous system, however: CB1 and
CB2, They have different funceions, Activaring
the CB2 recepror brings pain relicd, whereas ac-
tivating GBI receprors induces the payehoactive
effecs of marguana. Remarkably, the CB2 re-
ceptor that relieves pain docs notappear on pain
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£ kill mmmejﬁ;ﬂ&ﬂu&s.hhdﬂ I.Wﬂ-ihm'ﬁf
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mmu@i&m ny patients often reguire ever increasing
 doses 1o achleve pain relief, The same mechanism mﬁuuﬂuh'mhmm
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neurons; it is on glia. When cannabinoids bing
to rcroglinl CB2 receprocs, the cells reduce
their inflammetory signaling. Necent studies
have found that as chronic pain develops, the
number of CBZ receptors on microglia increase,
a sign thar the cells are salantly teving vo cap-
tire more cannabinoids in cheir vicinity ro preo-
vide analgesic relicl. Now pharmaceutical com-
panies are vigorously pursuing drugs thar can be
used ta contral pain by acting on glial CP2 re-
ceptors without making people high.

Blodking inflammatory cytokines with exist-
ing ant-inlamidrory medicines, such as anak-
inra (Kinerer) and etanercept {Enbrel), hasalso
reduced neuropathic pain in animal models. In
addition ro stemming inflammarery signals,
several growps have demonsirared thar adding
anti-inflammatory cytokines, such as intedeu
kin-10 2nd IL-2, can subdue neurspathic pain
in animals, Two existing drugs, pentoxy hlline
and AV, boeh inhibic inflammation by stim-
ulating cells ro produce 1L-10. Moreover, as-
sorted research groups have reversed neurn-
pachic pain for up to four weeks by delivering
the penes thar give rise 1o [1-10 and [L-2 into the
museles or the spoine of animals,

A few of these drugs have entered human -
als for pain [see table on opposice page), includ-
ing AVA11, which is already used as an anti-
mflammatory teeatment for stroke in Japan, A
rraal in Aaseralia showed thar pain patents vol-
antarily reduced their dosages of morphine
while on the drug, a sign thar AV411 was con-
tribucing to relieving their pain. Bur AV41 ] may
be working by mechanisms that go bevond calm.
ing pain cased by inflammation, highlighting a
surprising rwist in the tale of ghia and pain.

Restoring Balance

Mewphing is among che oot potent painlillers
known, bur docrors are wary of s devilish
praperties, to the extent thar many will under-
treat even patients with terminal cancer, Like
herain, opium and modern narcotics, such as
OxyContimn, morphine blunes pain by weaken-
iy communication amaong spimal cord ne-
rons, thus dimanishing the transmission of pain
signals.

Unfortunately, the power of morphine and
other nareotics to block paimquickly tades with
repeated use, a propert y called volerance. Stron-
fer and more frequent doses are necessary to
achieve the same effect. Patenis with chroni
pain can become addicts, compounding their
misery with debilitazing drug dependency. Doc:
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cors, fearing that chey will be suspeceed of deal-
ivrg vather than prescribing such large guancities
of narcotics, are often forced to limin paticnts 1o
dosages that are no longer effective in relieving
their agony. Some patients resort to crime 1o ob-
tain illegal prescriptions to ease their intolerable
paing a few turn wo suicide to end their suffering,
A new finding at the intersection of pain relief,
ghia and drug addicrion is evidence thar ghia are
responsible for creating tolerance o heroin and
morphine,

Suspicions about glial involvement in narcor-
ic tolerance first arose with the observation thar
just a5 when an addicr quits heroin “cold -
key,” partients dependent on narcotic painkillers
who stop their medication suddenly sulfer ¢las-
sic painful withdrawal symptoms, The patients
iand heroin addices) become by persensinive to
such an extreme that even normal sound and
light become excruciatingly painful, The simi-
larity of these symptoms o the hyperesthesia
seen in neuropathic pain suggested the possibil-
ity of & common cause.

In 2001 Ping Song and Zhi- Qi Zhao of the
Shanghai Inscituce of Physiology tested whether
the development of wlerance to morphine in-
volved glin. When the researchers gave rars re-
puated doses of morphine, chey saw the number
of repcrive astrocytes in the spinal cord increase,
The changes in glia caused by repeared mor-
phine injection were identical to those scen in
the spinal cord after an injury or when neuro-
pathic pain develops. The scientists then elimi-
nated ascrocvees with the same poison thar
Meller used to dampen the development of
chronic pain in rats. Morphine tolerance in
these animals was sharply reduced, indicating
that glia in some way contribuce 1o it

Many reseanch groups have since cried block-
ing various signals between neurons and gha
(for example, by inactivaning specific cyrokine
receprors on glia) and resting whether morphine
talerance is affected, This research shows tha
blocking inflammarory signals 1o and from glia
does nathing to alter normal acuce pain sensa-
tions, but if the blockers are injected together
with morphine, lower doses of morphine are re-
quired to achieve the same relief and the dura-
cion of pain relicf is doubled. These findings
strongly indicated thar glia were counteracting
the pain-relicving effecr of morphine.

Gliz’s actions to undermine the potency of
morphine are in kecping with the fundamental
glial job of maintaining balanced activity in
neural cirenis. As narcotigs blunc the sensinv-

www.ScientificAmerican.com
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EXPLORE

Could Chronic Pain and Spread of
Pain Sensation Be Induced and
Maintained by Gllal Activation?
Elisabeth Hamsson in Acta Physiclog.
ca, Vol 187, No. 1-2, pages 321=32 7,
published online May 22, 20086,

Do Glial Cells Control Pain®

Marc R, Sureret al. in Mewron Giia
Biclogy, Vol. 3, Mo, 3, pages 255-268;
August 2007,

Proinflammataory Cytokines Op-
pose Opioid-Induced Acute and
Chronic Analgesia, Mark . Hutdhin-

son et al. infraw, Bahavion and fmme-

nity, Yol. 22, Ho. B, pages 1178-1189;
prublished onfine by 2, 2008,

Pathological and Protective Roles

of Glia in Chronic Pain. Erm D, &4l

gan and Linda R. Watkins in Mature
Aeviews Newoscience, Vol 10,
pages 23-30; lanuary 2009,

QUIETING OVERACTIVE GLIA
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‘as potential treatments for neuropathic pain or for the reduction of opiate tolerance and

withidrawal. (Asterisks denote drugs already marketed for other uses.)

SUBSTANCE MECHANISM TESTING STAGE

AY411 Inhibits astrocyte Human tests for efficacy i enhancing morphing
activity action and reducing withdrawal symptoms;

safety tests for pain completed

Etanercept® Anti-inflammatary Human tests for postsurgical nauropathic
signals quiet gfia pain reduction

Interloukins® Ant-inflammatory Cell and animal 1ests for pam

{eytokines) signzls quiet glin

IWH-015 Activates pain- Coll and amimal tests for pain
dampening CB2
cannahinoid receptors

Methionine Inhibits astrocyte Cell and animal tests for pain

sulfoximine® neurotransmitter
processing

Minccydine® Inhibits activation Cell and animal tests for pain
af microglia

Propentofylline  Inhihits astrocyte Human salety tests for pain completed
actiity

Sativex* Actvatis cannabinaicd Human efficacy teits for cancer-related and
TRCEpinrs Hiv-related neuropathic pain and diabetic

neurapathy

SLC022 Inhibits astrocyte Human efficacy tests for herpes-related

vty

neuropathic paln

ity of pain circuirs, gha respond by releasing
neuroactive substances that increase neuronal
excitability to restore the normal levels of activ-
ity in newral circnits, Over rime ghial influence
ratchers up the sensitivity of pain neurons, and
when the blunting effect on pain circuies provid-
ed by heroin or narcoric pain medications is
suddenly removed by rapid withdrawal from the
drug, neurons fire intensely, causing supersensi-
tivity and paintul withdrawal symproms. In ex-
perimental animals painful withdrawal from
morphine addiction can be reduced dramatical-
ly by drugs blocking glial responses.
Modulating the aceivity of gha, then, could
prove to be a key nor only 1o alleviating chronic
pain but plso o reducing the likelihood thar peo-
ple treared with narcotic painkillers will become
addicred. What 4 boon glia-targered drugs would
I for those who have long sought o control two
such major sources of human misery and rrage-
dy. Yet the connections amaeng neurons, pain
and acli¢rion eluded scientists in the past who
ignored the vieal parcner of neurons—glia, =
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