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Discovering chronic pain treatments:
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better animal models might help us get there

Norman E. Taylor and Luiz Ferrari

Department of Anesthesiology, The University of Utah, Salt Lake City, Utah, USA.

Chronic pain is a serious public
health problem

Chronic pain has a profound cumulative
impact on our nation, with an estimated
100 million Americans being affected
each day, at a cost of over $500 billion
in health care and lost productivity each
year (1, 2). Treatment of chronic pain
remains a challenge because of a lack of
clinical biomarkers for the evaluation and
management of the patient in pain (3, 4)
and a dearth of efficacious therapeutic
strategies (5). An increased emphasis on
evaluating and managing pain resulted
from the Joint Commission’s 2000 rec-
ommendation that pain be assessed in all
patients. This shift led to an increase in
opioid prescriptions, doubling the num-
ber of Americans using opioids (1, 5), but
did not improve patient-reported pain
scores. Instead, it induced an epidemic

Only three classes of pain medications have made it into clinical use in the
past 60 years despite intensive efforts and the need for nonaddictive pain
treatments. One reason for the failure involves the use of animal models
that lack mechanistic similarity to human pain conditions, with endpoint
measurements that may not reflect the human pain experience. In this issue
of the JCI, Ding, Fischer, and co-authors developed the foramen lacerum
impingement of trigeminal nerve root (FLIT) model of human trigeminal
neuralgia that has improved face, construct, and predictive validities over
those of current models. They used the FLIT model to investigate the

role that abnormal, hypersynchronous cortical activity contributed to a
neuropathic pain state. Unrestrained, synchronous glutamatergic activity in
the primary somatosensory cortex upper lip and jaw (S1ULp-S1)) region of
the somatosensory cortex drove pain phenotypes. The model establishes

a powerful tool to continue investigating the interaction between the
peripheral and central nervous systems that leads to chronic pain.

of opioid dependence and addiction and
produced a surge in opioid-related drug
overdose deaths (6). This consequence
and other deleterious opioid-related
effects highlight the critical need for
therapies that relieve pain while avoiding
harmful side effects.

Six decades in search of better
options

Intensive scientific efforts have focused
on discovering and developing such ther-
apies. Nevertheless, there have been very
few successes, with only three classes of
pain medications being approved by the
FDA since placebo-controlled trials were
mandated by the United States Congress
in 1962 (7). The triptans are the greatest
success story, receiving FDA approval for
the treatment of migraine headaches in
1992 (8). The other two successes have
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made a much more modest impact. TRPV1
agonists such as capsaicin are used as
topical treatments for minor pain, while
ziconotide is used for severe refracto-
ry pain. However, the clinical utility of
ziconotide is limited by the need for con-
tinuous intrathecal infusion and its low
therapeutic ratio (9). Local anesthetics,
opioids, NSAIDs, corticosteroids, antide-
pressants, and anticonvulsants were all in
use prior to 1962 but continue to be limit-
ed by their short duration of action, inad-
equate efficacy, and/or poorly tolerated
adverse events (7).

There has been a robust, ongoing
national discussion regarding the cause
of the lack of success in translating com-
pounds that appear to be effective in ani-
mal models but fail to produce clinically
efficacious treatments in people (10, 11).
Some of the reasons proposed include (a)
a lack of clinically relevant pain models
that reflect the genetic, environmental,
sex-dependent, and psychologic aspects
of human pain conditions (12, 13); (b) a
failure in the design of clinical trials due
to a lack of biomarker-targeted patient
selection, including the identification of
placebo responders (14); and (c) the possi-
bility that pain is not unique in the context
of other neurological disorders for which
translation has been universally poor.

The development of better
rodent pain models

Traditionally, modeling pain conditions
in animals — usually rodents — involves
the use of chemical or surgical interven-
tions or repeated exposure to an environ-
mental stressor (12, 13). Researchers typi-
cally perform such interventions in rodent
strains such as the Sprague Dawley rat or
the C57BL/6 mouse, which do not have a
genetic susceptibility to pain. This prac-
tice limits the applicability of findings to
humans, as many pain syndromes arise
spontaneously without apparent precipi-
tating factors. In response to the nation-
al discussion, there have been several
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Figure 1. Coordination of glutamatergic activity in the somatosensory cortex drives neuropathic pain phenotypes. (A) Somatosensory afferent informa-
tion from the face is transmitted from the trigeminal ganglion via the trigeminothalamic tract to S1. In the absence of nociceptor activation in the territory
covered by the trigeminal ganglion, GABA, which is tonically released by interneurons, binds to GABA receptors on glutamatergic neurons in the S1ULp-S1J
region, which produce asynchronous glutamatergic neuron activity. (B) Impingement of the trigeminal nerve root at the foramen lacerum by surgically

introducing a gelatin sponge in mice replicates symptoms of human TN. A lack of GABA secretion via GABAergic interneurons releases the functional inhi-
bition of glutamatergic neurons, increasing glutamate within the extracellular space and contributing to an excitatory response. Synchronous glutamater-
gic neuron activity in the STULp-S1) region produces symptoms of TN.

rodent models developed recently with an
eye to improving face validity (defined as
the similarity in clinical signs and symp-
toms), construct validity (defined as sim-
ilarity in pathophysiologic disease mech-
anisms), and predictive validity (defined
as the relative effectiveness of various
clinical interventions being mimicked by
the model). Among these systems, mod-
els of complex regional pain syndrome
(CPRS) (15), complex orthopedic trauma
(16), temporomandibular joint pain (17),
and a genetic model of widespread hyper-
algesia (18) have been used effectively
to determine pathophysiological mecha-
nisms associated with these conditions.
In this issue of the JCI, Ding, Fischer,
and co-authors (19) describe a different
trigeminal neuropathic pain model that
exhibits several key features that have
been on investigators’ wish lists for years,
including (a) face validity: the foramen
lacerum impingement of trigeminal nerve

:

root (FLIT) model exhibits robust sponta-
neous pain behaviors (facial grimacing,
excessive facial grooming, intermittent
eye squinting) and clinically relevant
functional consequences of persistent
pain (body weight loss, decreased wood
chewing, soft food preference, increased
incisor length, increased anxiety behav-
iors, and sexual dysfunction), which are
consistent with the clinical signs and
symptoms of human trigeminal neural-
gia (TN); (b) construct validity: the FLIT
model utilizes a clever, reversible trigem-
inal nerve root compression that mim-
ics the human pathology of trigeminal
nerve root impingement at its entry zone
(20); and (c) predictive validity, which
includes nearly complete ineffectiveness
of NSAIDS, partial effectiveness of car-
bamazepine, and robust effectiveness of
trigeminal nerve root decompression sur-
gery, a definitive treatment for patients
with TN with vascular compression (21).

Interactions of the peripheral

and central nervous systems

Even more important, Ding, Fischer, and
colleagues (19) then used the model to
make important observations regarding
cortical dynamics that underlie the mech-
anism of TN pain (Figure 1). Most studies
of central sensitization focus on changes
in the periphery at the level of the noci-
ceptor and its synaptic connection at the
dorsal horn of the spinal cord. This study
used state-of-the-art techniques, includ-
ing two-photon in vivo calcium imaging
in awake mice and chemogenetic manipu-
lation of targeted recombination in active
populations (TRAPPed) neural circuits
to show that unrestrained, synchronous
glutamatergic activity in a specific region
of the somatosensory cortex — the pri-
mary somatosensory cortex upper lip and
jaw (S1ULp-S1]) — drove the pain pheno-
types. The authors further demonstrated
that this unrestrained activity was due to
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hypoactive GABAergic interneuron activi-
ty. Important control experiments showed
that manipulations of an adjacent somato-
sensory cortex region and masseter muscle
atrophy were not mechanistically linked to
TN-like pain behaviors (19).

But the study by Ding, Fischer, and
co-authors (19) also brings up questions
for further investigation. One of the most
intriguing questions in pain research relates
to the point at which acute, temporary
sensitization of the nociceptive system
becomes persistent and the mechanism
driving this persistence. It wasn’t long ago
that the concept of chronic pain changed
from using time as a reference for its estab-
lishment to considering the development
of plastic changes in the nociceptive sys-
tem as the driving element for pain per-
sistence. Ding, Fischer, and colleagues
provide important information regarding
the interaction between peripheral senso-
ry neurons and specific central circuits in
this process. The authors found that the
activity from peripheral sensory neurons
(the nociceptive response to trigeminal root
compression) triggered specific localized
cortical reflexes (an increase in glutamater-
gic and a corresponding decrease in GAB-
Aergic activity in the SIULp-S1] area) that,
in a coordinated manner, were necessary
to produce the pain phenotype (Figure 1).
Interestingly, this interaction only lasted as
long as the lesion was present, which can be
interpreted as a lack of involvement of cen-
tral neuroplasticity in FLIT-induced pain.
Although the seven-day period between the
induction of TN and the beginning of the
evaluation of pain was adequate to deter-
mine the presence of painful neuropathy,
the magnitude of information coming from
the periphery might not have been intense
enough to stimulate plasticity mechanisms,
since the removal of the cause (decompres-
sion of the trigeminal root) alleviated the
symptomatology. As one of the challenges
in neuropathic pain is its persistence even
after the cause is removed, the authors’
observation might be an indication that the
development of chronic pain depends on
a prolonged stimulation of specific areas
in the brain (S1ULp-S1]J, for example) by
peripheral input, eventually producing neu-
roplastic changes that lead to independent
activity. Thus, one can question whether the
phenotype produced by the FLIT procedure
meets the criteria for chronic pain, since the
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current definition considers the key role of
neuroplasticity in pain maintenance. While
the authors have not addressed this point
in their study, the proposed model and
methodology provide an excellent tool to
systematically investigate the interaction
between the peripheral and central nervous
systems that leads to the establishment of
chronic pain and the critical time point at
which chronic pain occurs (19).

Future opportunities

Along with efforts to produce better pre-
clinical models, progress is being made in
other areas of chronic pain research. There
is an increased emphasis on nonpharma-
cologic interventions that focus on the
biopsychosocial components of pain (22).
Many investigators are seeking to identi-
fy biochemical (23) and phenotypic (24)
biomarkers to guide a precision medicine
approach targeting the right treatment at
the right dose to the right patient at the
right time. Ultimately, if we hope to achieve
greater success in discovering effective
treatments for chronic pain compared
with those of the past six decades, it will
depend on an entire disruption of the drug
discovery strategies of the past. Instead of
identifying potential therapeutic targets
in animal models, pain target identifica-
tion must be made using information from
human cells and pain networks (25). Test-
ing of potential drug candidates must then
be carried out in animal models that pos-
sess greater face, construct, and predic-
tive validities, such as those offered by the
FLIT model. Finally, clinical trials should
then be designed that will utilize biomark-
er-selected patient populations. At pres-
ent, we lack enough knowledge in all three
of these areas to successfully implement
this strategy. But as the study by Ding,
Fischer, and colleagues (19) demonstrates,
progress is being made toward more effec-
tive treatments for chronic pain.

Acknowledgments
NET was supported by NIH grants
R61NS123758-01A1 and R35-GM138168.

Address correspondence to: Norman
E. Taylor, Department of Anesthesiolo-
gy, The University of Utah, 383 Colorow
Drive, Salt Lake City, Utah, 84132, USA.
Phone: 801.581.4820; Email: norman.tay-
lor@hsc.utah.edu.

—

w

N

N

o]

©

10.

11.

12.

13.

14.

1

16.

17.

1

oo

19

20.

o

COMMENTARY

. Relieving Pain in America: A Blueprint for

Transforming Prevention, Care, Education, and
Research. National Academies Press; 2011.
Gaskin DJ, Richard P. The economic

costs of pain in the United States. ] Pain.
2012;13(8):715-724.

. Morone NE, Weiner DK. Pain as the fifth vital

sign: exposing the vital need for pain education.
Clin Ther.2013;35(11):1728-1732.

Reuben DB, et al. National Institutes of Health
Pathways to Prevention Workshop: the role of
opioids in the treatment of chronic pain. Ann
Intern Med. 2015;162(4):295-300.

. Mao J. Current challenges in translation-

al pain research. Trends Pharmacol Sci.
2012;33(11):568-573.

Paulozzi L], et al. A national epidemic of unin-
tentional prescription opioid overdose deaths:
how physicians can help control it. J Clin Psychia-
try. 2011;72(5):589-592.

Kissin I. The development of new anal-

gesics over the past 50 years: a lack of

real breakthrough drugs. Anesth Analg.
2010;110(3):780-789.

. Humphrey PP. The discovery of a new drug class

for the acute treatment of migraine. Headache.
2007;47 Suppl 1:510-S19.

Rauck RL, et al. Intrathecal ziconotide for
neuropathic pain: a review. Pain Pract.
2009;9(5):327-337.

Eisenach JC, Rice ASC. Improving preclinical
development of novel interventions to treat pain:
insanity is doing the same thing over and over
and expecting different results. Anesth Analg.
2022;135(6):1128-1136.

Mogil JS. Animal models of pain: prog-

ress and challenges. Nat Rev Neurosci.
2009;10(4):283-294.

Abboud C, et al. Animal models of pain:
Diversity and benefits. ] Neurosci Methods.
2021;348:108997.

Gregory NS, et al. An overview of animal models
of pain: disease models and outcome measures.
] Pain. 2013;14(11):1255-1269.

Hall KT, et al. Historical controls in randomized
clinical trials: opportunities and challenges.
Clin Pharmacol Ther. 2021;109(2):343-351.
Tajerian M, et al. Sex differences in a murine
model of complex regional pain syndrome.
Neurobiol Learn Mem. 2015;123:100-109.

Shen H, et al. Modeling complex orthope-

dic trauma in rodents: bone, muscle and

nerve injury and healing. Front Pharmacol.
2020;11:620485.

Phero A, et al. A novel rat model of tem-
poromandibular disorder with improved
face and construct validities. Life Sci.
2021;286:120023.

. Ferrari LF, et al. Characterization of the Dahl

salt-sensitive rat as a rodent model of inher-
ited, widespread, persistent pain. Sci Rep.
2022;12(1):19348.

. Ding W. Highly synchronized cortical circuit

dynamics mediate spontaneous pain in mice.
J Clin Invest. 2022;133(5):e166408.
Maarbjerg S, et al. Trigeminal neuralgia -
diagnosis and treatment. Cephalalgia.
2017;37(7):648-657.

:


https://doi.org/10.1172/JCI167814
https://doi.org/10.1016/j.jpain.2012.03.009
https://doi.org/10.1016/j.jpain.2012.03.009
https://doi.org/10.1016/j.jpain.2012.03.009
https://doi.org/10.1016/j.clinthera.2013.10.001
https://doi.org/10.1016/j.clinthera.2013.10.001
https://doi.org/10.1016/j.clinthera.2013.10.001
https://doi.org/10.7326/M14-2775
https://doi.org/10.7326/M14-2775
https://doi.org/10.7326/M14-2775
https://doi.org/10.7326/M14-2775
https://doi.org/10.1016/j.tips.2012.08.001
https://doi.org/10.1016/j.tips.2012.08.001
https://doi.org/10.1016/j.tips.2012.08.001
https://doi.org/10.4088/JCP.10com06560
https://doi.org/10.4088/JCP.10com06560
https://doi.org/10.4088/JCP.10com06560
https://doi.org/10.4088/JCP.10com06560
https://doi.org/10.1213/ANE.0b013e3181cde882
https://doi.org/10.1213/ANE.0b013e3181cde882
https://doi.org/10.1213/ANE.0b013e3181cde882
https://doi.org/10.1213/ANE.0b013e3181cde882
https://doi.org/10.1111/j.1526-4610.2007.00672.x
https://doi.org/10.1111/j.1526-4610.2007.00672.x
https://doi.org/10.1111/j.1526-4610.2007.00672.x
https://doi.org/10.1111/j.1533-2500.2009.00303.x
https://doi.org/10.1111/j.1533-2500.2009.00303.x
https://doi.org/10.1111/j.1533-2500.2009.00303.x
https://doi.org/10.1213/ANE.0000000000006249
https://doi.org/10.1213/ANE.0000000000006249
https://doi.org/10.1213/ANE.0000000000006249
https://doi.org/10.1213/ANE.0000000000006249
https://doi.org/10.1213/ANE.0000000000006249
https://doi.org/10.1038/nrn2606
https://doi.org/10.1038/nrn2606
https://doi.org/10.1038/nrn2606
https://doi.org/10.1016/j.jneumeth.2020.108997
https://doi.org/10.1016/j.jneumeth.2020.108997
https://doi.org/10.1016/j.jneumeth.2020.108997
https://doi.org/10.1016/j.jpain.2013.06.008
https://doi.org/10.1016/j.jpain.2013.06.008
https://doi.org/10.1016/j.jpain.2013.06.008
https://doi.org/10.1002/cpt.1970
https://doi.org/10.1002/cpt.1970
https://doi.org/10.1002/cpt.1970
https://doi.org/10.1016/j.nlm.2015.06.004
https://doi.org/10.1016/j.nlm.2015.06.004
https://doi.org/10.1016/j.nlm.2015.06.004
https://doi.org/10.1016/j.lfs.2021.120023
https://doi.org/10.1016/j.lfs.2021.120023
https://doi.org/10.1016/j.lfs.2021.120023
https://doi.org/10.1016/j.lfs.2021.120023
https://doi.org/10.1038/s41598-022-24094-9
https://doi.org/10.1038/s41598-022-24094-9
https://doi.org/10.1038/s41598-022-24094-9
https://doi.org/10.1038/s41598-022-24094-9
https://doi.org/10.1177/0333102416687280
https://doi.org/10.1177/0333102416687280
https://doi.org/10.1177/0333102416687280
mailto://norman.taylor@hsc.utah.edu
mailto://norman.taylor@hsc.utah.edu

COMMENTARY The Journal of Clinical Investigation

21. Barker FG, et al. The long-term outcome of micro- 23. Sharma A, et al. A multimodal approach to discov- for chronic pain: IMMPACT review and recom-
vascular decompression for trigeminal neuralgia. er biomarkers for taxane-induced peripheral neu- mendations. ] Pain. 2022;24(2):204-225.
N Engl ] Med.1996;334(17):1077-1083. ropathy (TIPN): A Study Protocol. Technol Cancer 25. Renthal W, et al. Human cells and networks

22. Tajerian M, Clark JD. Nonpharmacological inter- Res Treat. 2022;21(tipn):15330338221127169. of pain: transforming pain target identifica-
ventions in targeting pain-related brain plastici- 24. Edwards RR, et al. Optimizing and accelerating tion and therapeutic development. Neuron.
ty. Neural Plast. 2017;2017:2038573. the development of precision pain treatments 2021;109(9):1426-1429.

4 J Clin Invest. 2023;133(5):e167814 https://doi.org/10.1172/)Cl167814



https://doi.org/10.1172/JCI167814
https://doi.org/10.1016/j.neuron.2021.04.005
https://doi.org/10.1016/j.neuron.2021.04.005
https://doi.org/10.1016/j.neuron.2021.04.005
https://doi.org/10.1016/j.neuron.2021.04.005
https://doi.org/10.1056/NEJM199604253341701
https://doi.org/10.1056/NEJM199604253341701
https://doi.org/10.1056/NEJM199604253341701

