a @ This open-access article is distributed under
Creative Commons licence CC-BY-NC 4.0.

LSD and psilocybin for chronic nociplastic pain:
A narrative review of the literature supporting the
use of classic psychedelic agents in chronic pain

J J N van der Walt, MB ChB, FCA (SA); R Parker, MSc (Pain), PhD

Department of Anaesthesia and Perioperative Medicine, Faculty of Health Sciences, University of Cape Town, South Africa

Corresponding author: ] ] N van der Walt (johanvanderwalt07@gmail.com)

Healthcare providers face the challenging task of managing patients who suffer from chronic nociplastic pain conditions. Pain is a
multidimensional experience, and the current approach to managing people in chronic pain often fails to meet the needs of these
patients. Novel ways of treating people who suffer from chronic nociplastic pain with classic psychedelic agents may offer a new lens
through which to approach their pain. Lysergic acid diethylamide (LSD) and psilocybin are both serotonergic agents with a long

history of use in treating people with chronic pain and mental health disorders. The new wave of research into psychedelics for major
depressive disorder provides an opportunity to investigate and understand the potential for incorporating these drugs into chronic pain
management pathways. This narrative review presents healthcare workers with a framework to understand the method of action of
these drugs in chronic nociplastic pain pathways and a brief history into their use. We conducted an online search using Pubmed with
keywords ‘chronic pain” AND/OR ‘psilocybin’ AND/OR ‘lysergic acid diethylamide’ AND/OR ‘psychedelics’ with no date limit applied.
We identified further articles that contained information on the neuroscience of psychedelics and the serotonergic system using Google

Scholar. During the final stages of writing the article, the latest publications on psychedelics and chronic pain in leading pain journals

were again included to update the information.
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‘The human body is the stage where the psycho-cosmic drama takes place’
- Lama Anagarika Govinda

Chronic pain is one of the leading global burdens of disease.!!
It impacts an estimated 20% of the global population, and often as
comorbidity with other disease states. The International Association
for the Study of Pain (IASP) has adopted a new definition of pain that
describes the experience of pain from the perspective of the person
suffering with pain.l/ The new IASP definition from 2020 defines
pain as ‘an unpleasant sensory and emotional experience associated
with, or resembling that associated with, actual or potential tissue
damage. The ability to view pain through the lens of suffering
allows pain to be understood as a conscious construct of the brain
in response to a perceived threat.”) These threats may constitute a
variety of internal or external factors. Viewing pain through the eyes
of the person with pain incorporates the biopsychosocial aspects of
the lived experience.? This approach also highlights the experiential
aspect of pain as part of emotional and cognitive processing that
interacts with the mechanistic aspect of nociceptive pain physiology
on a receptor pathway level. When people suffer from chronic pain
these factors become compounded.

In 2016, the term nociplastic pain was adopted to describe chronic
pain due to an alteration in peripheral and central nervous system
(CNS) processing of sensory and emotional stimuli.”! The adoption
of nociplastic pain as a mechanistic descriptor of chronic pain that
is not clearly defined as either nociceptive or neuropathic allows
previous diagnoses such as functional neurological disorder to be
appropriately classified as distinct from pain due to tissue damage,

inflammation or damage to the nervous system. In reality, nociplastic
pain rarely exists in isolation, but is rather part of a pain continuum
with nociceptive and neuropathic pain.”! The basic neurophysiology
of nociplastic pain is described by increased facilitation or decreased
inhibition of painful stimuli in the CNS. The neuromatrix of pain
proposed by Melzack® is a suitable framework to understand the
multidimensional nature of nociplastic pain, and especially points
towards the co-existence of mental health disorders in people with
nociplastic pain. Recent studies have signalled significant overlap
in the neuroplastic changes that underlie both the chronification
of pain and major depressive disorder (MDD).!) The prevalence of
chronic pain in people with MDD is between 51.8% and 59.1%. The
involvement of the monoamine neurotransmitter serotonin (5-HT)
and noradrenaline in pain and mood processing points to a shared
pathophysiology and response to treatment.!”)

All people with pain and chronic pain face a multitude of
therapeutic challenges on their road to finding treatment and making
peace with their life with pain. Some of these challenges include drug
polypharmacy and drug side-effects that not only complicate their
pain treatment, but are often insufficient to meet the need to ease
their suffering, or fail to enable them to re-engage with meaningful
life roles.” People with pain have extensive psychological, social
and spiritual needs, and may desire to reclaim an internal locus
of control to address unresolved family and relationship issues.®!
Recent developments in the approach to managing chronic pain
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have expanded treatment modalities beyond oral analgesics and
interventional pain procedures.'” Today we include psychological
support, patient education and physical therapy to manage people
with pain. However, despite this expanded treatment approach, we
often fail to meet the complex demands of people with pain. Even
with multidisciplinary interventions using mindfulness and cognitive
behavioural therapy (CBT), people with chronic pain present a
treatment challenge to the most caring physician. We propose that
management of the chronic pain experience must focus not only
on the mechanisms of nociception on a receptor level, but move
beyond physiology to incorporate the experiential aspect of pain as
an ‘embodied” experience within a specific psychosocial ‘embedded’
environment.!'!

Recent neuroimaging studies combined with small sample
interventions with classic psychedelic agents may point towards
a possible means of improving the treatment of chronic pain on
a mechanistic and experiential level.'™? The classic psychedelics
are those drugs with 5-HT,, receptor activity, and include lysergic
acid diethylamide (LSD) and psilocybin. These drugs may have
antinociceptive effects acting on 5-HT,, receptors in descending
noxious inhibitory pathways, while the mood-enhancing effects of
psychedelic induced 5-HT,, agonism in the cerebrum appear to act
on the neuroplastic changes that occur in nociplastic pain.'*!

The classic psychedelic agents
LSD is part of a family of plant-based alkaloids that include other
psychedelic agents such as psilocybin." Their clinical effect is due
to serotonin receptor binding in the CNS. LSD was first synthesised
by the Swiss chemist Albert Hofmann in 1938 while investigating the
smooth muscle-contracting effects of ergotamine found in the fungus
Claviceps purpurea.” Hofmann experienced a non-ordinary state of
consciousness (NOSC) after accidentally inhaling a preparation of
LSD-25, and described the psychedelic experience of increased bliss,
decreased ego identification and altered perceptual experience.
Psilocybin is a plant-based alkaloid and has been used as an
entheogen in indigenous cultures for thousands of years.!"”! Albert
Hofmann identified the chemical structure of psilocybin in 1958.
Psilocybin shares the tryptamine chemical backbone of LSD.!!
After oral ingestion it is dephosphorylated in the liver into the
active form psilocin, which binds 5-HT,, receptors in the cerebral
cortex.”’ This leads to the depolarisation of pyramidal neurons
in the cortex and dysregulation of central brain regions, with a
resultant increase in entropy.'*'”) In Table 1, we compare the two
agents. Psilocybins 5HT,, and ,, receptor binding in the CNS
has similar effects to LSD on cognition, emotional processing,
self-awareness and the perception of pain, which underpins its
potential therapeutic benefit in treating people suffering with pain.
Numerous small trials of LSD and psilocybin for chronic pain
have already shown a good safety profile, with minimal physical
dependance, withdrawal syndrome, or compulsive drug seeking
compared with other analgesic agents.'!

Psychedelic research

The history of psychedelic research into LSD and psilocybin is
complex and has been shaped by public opinion and political
interference. After the discovery of LSD-25 by Albert Hofmann
in 1943, Sandoz marketed the substance as ‘Delysid’ for use in
psychiatric research and psychotherapy.'"!! During the 1950s and
1960s, LSD showed promising results in the management of drug
dependency and alcohol addiction.®’ There are more than 1 000
published reports on the clinical use of LSD in psychotherapy from
1949 to 1966.!"8! Although the trials published during these years had

small sample sizes and will not live up to the scrutiny that we expect
from modern clinical research, they did point towards the safety
and tolerability of LSD in a clinical setting. During the American
‘counterculture’ movement in the late 1960s and 1970s, LSD use
became associated with anti-government sentiment, and the US
government led a global campaign to shut down research in LSD
and other controlled substances. The Controlled Substances Act of
1970 made LSD and psilocybin schedule 1, which prohibited further
research. From 1977 until the early 2000s, no more LSD research
was published, despite overwhelming evidence pointing towards
therapeutic benefit.!'!)

Psilocybin is a naturally occurring plant-based psychedelic with a
long history of use stretching back thousands of years in indigenous
societies. In these societies, it is supported by an active culture
of self-medication, with positive reports on its effects on mental
health.? There have been no reports of direct mortality, and no
withdrawal following chronic use.'!! The use of psilocybin was
popularised in 1957 when the American amateur ethnobotanist
Robert Gordon Wasson published his experiences with these fungi in
central America. The following year Albert Hofmann identified the
tryptamine backbone of psilocybin. The use of psilocybin in clinical
research ended at the same time as LSD research as the Controlled
Substances Act was enforced.

The new wave of psychedelic research that has slowly been
building since the 1990s has been termed the ‘psychedelic
renaissance.!'”” The new frontier of neurocognitive science using
neuroimaging has been able to bring interest in the therapeutic
benefit of psychedelic drugs back into the domain of clinical
research. Psychiatrists have enrolled small sample trials exploring
the potential benefit of psychedelic drugs in treating anxiety,
MDD and end-of-life cancer with depression, showing promising
results. The successful use of psilocybin in managing obsessive
compulsive disorder, treating alcohol addiction and for smoking
cessation has also been reported.") These small-sized trials have
revealed the good safety profile of these drugs, and how a carefully
controlled environment with a focus on adequate self-preparation
and a well-supported clinical setting ensures a low risk for adverse
effects."”’ Larger clinical trials have been enrolled, and in 2022,
Compass Pathways, a mental healthcare company based in the
UK, began the world’s first phase 3 clinical trial using psilocybin
for treatment-resistant depression. A New York-based biotech
company called Mindmed plans to enrol a phase 2B clinical trial to
treat generalised anxiety disorder with LSD. This will be the most
advanced clinical trial into LSD, for any indication.

Between 1964 and 1977, 5 small-scale clinical trials and a case
series looked at the use of LSD in chronic pain.?*! In 1964, Kast
and Collins® reported that LSD had a superior analgesic effect
to pethidine and dihydromorphine in patients with severe cancer
pain and gangrene. The analgesic effect lasted for at least 7 hours
post dose in 74.4%, and 19 hours after a single dose of 100 ug in
48.9% of patients. In 1967, Kast?!! reported on the use of 100 pg
of LSD in a case series of 128 terminally ill patients. Pain intensity
was decreased for 3 weeks. In 1967, Pahnke et al.?? studied the
effect of LSD on terminal metastatic cancer with depression. They
commented on improved pain, mood and anxiety in the 22 patients
treated with LSD psychotherapy. Grof et al.®®! enrolled 31 patients
with metastatic cancer into an LSD-assisted psychotherapy
programme in 1973. These patients received psychological support
before, during and after LSD therapy. They found an improvement
in pain severity, preoccupation with pain and physical suffering.
The last case series reported before research was shut down was by
Fanciullacci et al.? in 1977. Seven patients with phantom limb pain
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Table 1. Comparison between lysergic acid diethylamide (LSD) and psilocybin!"!

Characteristic LSD Psilocybin
Scientific name Lysergic acid diethylamide-25 Psilocybin
Colloquial name Acid Magic mushrooms

TUPAC name 9,10-didehydro-N,N-diethyl-6-methylergoline-8f-carboxamide 4-phosphoryloxy-N,N-dimethyltryptamine
Origin Synthesised from fungus ergot Claviceps purpurea Fungi species Psilocybin mexicana or Capensis
Chemical formula C,H,.N,, C,H,N,OP

Active molecule Lysergic acid Psilocin

Receptor binding 5HT,, .., G-protein coupled 5HT,, ;. G-protein coupled

Clinical effect

Decreased ego identification, vivid psychosensory effects, intensified

Similar to LSD

mood, accelerated thought, wakeful dreaming, increased body

mindfulness, mystical experiences

Side-effects Disorientation, nausea, prolonged psychosis

Withdrawal syndrome ~ None
Tolerance Develops due to 5HT receptor upregulation
Threshold dose 1 - 15 mcg/kg po

TUPAC = International Union of Pure and Applied Chemistry.

were treated with sub-hallucinogenic doses of LSD (25 pg per day
for 1 week followed by 50 pg per day for a further 2 further weeks).
They reported decreased analgesic requirements, and two patients
had resolution of their pain.?¥

During the new wave of psychedelic research, both Sewell et al.l**!
in 2006, and Schindler et al.?® in 2016, used surveys and interviews
to collect data from people who were self-medicating with LSD and/
or psilocybin for their cluster headaches. They reported improved
analgesia compared with conventional treatments, with longer periods
of remission. Recent trials on end-of-life depression in cancer patients
showed a sustained improvement in mood and quality of life, which
could have a substantial effect on managing chronic pain in these
patients.””) In 2021, researchers at Imperial College London conducted
structured interviews with people who self-medicate their chronic pain
symptoms using classic psychedelic agents. This small-sample case
series, in preparation for a much larger randomised controlled trial,
revealed a decrease in the experience of pain during the psychedelic
session and for up to 5 days after treatment, before their pain returned
to baseline. The most exciting revelation from these interviews relates
to the lasting psychological and emotional effect the psychedelics
had on those interviewed. They describe increased resilience, body-
self-awareness and psychological flexibility, which led to feelings
of acceptance, agency and hope.” Most recently, the journal Pain
published a case series of three people with chronic neuropathic pain
who took low-dose psilocybin, termed ‘microdosing, to manage their
symptoms.””) The authors commented on the favourable effects of
microdosing, with minimal side-effects and a decreased need for
traditional analgesic agents.

The neuroplastic changes of chronic
nociplastic pain

The IASP define central sensitisation as the increased responsiveness
of nociceptive neurons in the CNS to their normal or subthreshold
afferent input.*® The peripheral and central sensitisation that occurs
in acute nociceptive pain is sustained with intensifying consequences
in chronic nociplastic pain. These mechanisms have been well
described in the literature, and some of them include the process of
phenotypic switching, altered gene expression and the modification
of intracellular proteins.*®*!) The neuroplastic changes of chronic
nociplastic pain are the targets for the classic psychedelic agents.
They may have an effect on (i) shifting interoceptive focus in the

Hypertension, nausea, panic attack,
exacerbation of pre-existing psychosis
None

Develops due to 5HT receptor upregulation
50 - 300 mcg/kg po

insula, (ii)) modulate neurotrophic factors, (iii) synaptogenesis in the
CNS and (iv) CNS inflammatory modulation.

Neuroimaging studies of people with chronic nociplastic pain have
recently identified a signal pointing towards a biodynamic process that
may also describe one of the processes leading to the chronification
of pain.’ Sensory afferent Ad and C-fibers that innervate the entire
human body terminate in lamina 1 of the dorsal spinal horn (DSH).
Homeostatic information on temperature, nociception, metabolism,
touch, muscle contraction as well as hormonal and immunological
function forms a meta representation of interoceptive activity in
the body.*? This interoceptive map projects towards the insular
cortex (IC) via lamina 1 in the DSH spino-thalamo-cortical tract,
and plays an important role in the generation of pain. In chronic
nociplastic pain states there is a shift from the posterior part of the
insula, involved in sensory processing, towards the anterior insula,
which is involved in the emotional and limbic systems.*! The
shift in activity from the posterior to the anterior insula in chronic
nociplastic pain reflects an increased emotional response to pain
and a decrease in accurate interoceptive processing."*? The action
of LSD and psilocybin on cortical 5-HT,, receptors may improve
these neuroplastic changes in chronic pain and reorientate the person
with pain towards a less distressing emotional response and accurate
sensory awareness of nociception and pain.!'!*!

A further link in the formation of nociplastic pain is the
neurotrophic factors and lipids that influence signalling pathways in
the CNS." Brain-derived neurotrophic factor (BDNF) belongs to the
family of neurotrophic factors, and is involved in neuroplasticity and
synaptogenesis.’) Decreased levels of BDNF have been implicated
in chronic nociplastic pain conditions as well as in the development
of MDD. By modulating peripheral and central synaptic plasticity,
BDNF can alter pain perception and the level of pain-induced
depression. LSD and psilocybin have been shown to increase BDNF
and glial cell line-derived neurotrophic factor, which may improve
synaptogenesis in people suffering from pain and MDD."

The synaptogenic changes of depression and chronic nociplastic
pain may also be influenced by inflammatory mediators.” Depression
is increasingly being described as an inflammatory disorder associated
with other chronic nociplastic pain syndromes such as inflammatory
bowel syndrome (IBS), fibromyalgia syndrome (FMS) and complex
regional pain syndrome (CRPS). Inflammatory chronic pain
conditions may therefore also predispose patients to the development
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of depression, and vice versa.” Inflammatory mediators released after
neuronal injury are also involved in MDD and nociplastic chronic
pain.* Microglial cell activation seen in response to nerve injury has
been implicated in the development of neuropathic and other types
of chronic pain. The role of microglia and astrocytes in neuronal
plasticity has been described in the pathophysiology of chronic pain
and in MDD.**”) LSD- and psilocybin-induced activation of the
5-HT,, receptor upregulates genes associated with neuroplasticity
and suppresses TNFa-induced inflammation. Protein kinases such as
mammalian target of rapamycin (mTOR) upregulate protein synthesis
needed for neuronal growth.®® In vitro as well as in vivo studies have
demonstrated increased activation of mTOR pathways with classic
psychedelic drugs that lead to increased dendritic growth, density and
synapse formation.?!

The shift in nociceptive processing from acute nociceptive pain
towards the experience of suffering in chronic nociplastic pain can
be explored further by looking at the neuroplastic changes that occur
in the default mode network (DMN) that lead to increased depressive
rumination and abnormal self-reflective thinking.!'*1”)

The default mode network
Over the last 25 years, neuroscientists have embarked on extensive
task-oriented functional magnetic resonance (fMRI) studies. While
studying the passive control images, in between images for goal-
directed tasks, they noticed areas of the brain that displayed markedly
higher activity when individuals were left to rest while thinking by
themselves.*”! These areas receive 40% more cerebral blood flow and
have much higher metabolic activity than the rest of the brain when at
rest.'”? In 2001, a series of articles named these areas the default mode
network (DMN), and neuroscientists identified it as its own system,
similar to the sensory-motor system or the visual cortex. The DMN
has been described as a series of interconnected regions that converge
on key areas and act as a central conductor of brain function.*!! The
core regions that constitute the DMN are centred around the medial
prefrontal cortex (MPFC) and the posterior cingulate cortex (PCC).
The conscious resting state and stimulus-independent thought
processes associated with the DMN have led to different hypotheses
as to their function.”!! The sentinel hypothesis posits that the DMN
has a spontaneous, broad and exogenously driven information-
gathering purpose. During the resting state the DMN enters a state
of ‘watchfulness’ and monitors the external environment. The internal
mentation hypothesis proposes a series of dynamic mental simulations
of alternative futures based on past experiences. It describes functions
around autobiographical memory, mental time travel, moral decision-
making and theory of mind."!) Neuroimaging studies conducted
in patients with MDD and chronic nociplastic pain have described
sustained increased activity in the DMN with decreased functional
connectivity to other brain regions."? The increased activity seen
in the DMN correlates with excessive internal awareness, depressive
rumination described as ‘loopy thoughts’ and trait neuroticism.!"”!
Decreased functional connectivity to other brain regions is associated
with preferential involvement of the MPFC involving emotional and
limbic circuitry that shifts nociception away from sensory regions.**!
An overactive DMN with altered functional connectivity is now
considered to be part of the disease process of MDD, Alzheimer’s
disease, autism spectrum disorder and schizophrenia.*!! Increased
DMN activity has been observed in nociplastic pain conditions, and
this signal could be used as a biomarker for central sensitisation. !
Interest in the DMN has increased with the new focus on psychedelic
psychotherapy. The DMN is highly saturated with 5-HT,, receptors.
Controlled studies on individuals with MDD have illustrated the effect
of psychedelic-induced 5-HT,, agonism on activity in the DMN.

The effect of LSD and psilocybin on the DMN and other cortical
structures in MDD and chronic nociplastic pain may best be
described by using the entropic brain hypothesis developed by
neuroscientists in 2014.'”! This hypothesis is based on the integrated
information theory (IIT) of consciousness that was initially proposed
by the neuroscientist Giulio Tononi in 2004.1! The IIT attempts to
equate subjective consciousness with a measurable metric called phi
which is made up of certain types of information. The entropic brain
hypothesis uses the principle of entropy in the information theory
sense to describe the richness of information during certain states
of consciousness."” The amount of entropy decreases as the level
of consciousness changes from the wakeful state through sleeping
towards anaesthesia or the comatose state. Researchers conducting
fMRI studies on people during psychedelic-induced NOSC have
illustrated states of increased entropy above the wakeful state.*) The
conscious experience of increased entropy leads to the perceptual
experience of psychedelic drugs and the ability to reframe the egoic-
self in terms of its relationship with the internal and external milieu.
The overactive DMN described above imposes a strict
hierarchical control over regional brain centres through low-
frequency alpha oscillations that originate in layer 5 pyramidal
neurons in the cortex.!"” Neuroimaging studies using fMRI describe
the low entropy state of an overactive DMN with its depressive
rumination and excessive self-awareness in chronic pain and MDD.
The deep-layer pyramidal neurons within the cortex are saturated
with 5-HT,, receptors. Upon binding of psychedelic drugs, these
neurons become depolarised, alpha oscillations stop and cortical
activity becomes desynchronised. This releases limbic and frontal
brain regions from the DMN and re-sets the brain to function at
a higher level of entropy. It is now widely accepted that the brain
exhibits higher states of entropy on psychedelic drugs.*’ The
experience of higher states of entropy allows for different cognitive
and sensory processes to balance the interoceptive processing of the
person.”) The cortical effect of 5-HT,, may provide for a different
therapeutic pathway in the management of people with chronic
pain in combination with the 5-HT,, receptor binding in the
descending noxious inhibiting pathway in the spinal cord.

Serotonin and the descending noxious
inhibitory pathway

Serotonin receptors are widely distributed throughout the CNS.
There are 14 receptor subtypes, and most of them are G-protein
coupled acting via intracellular phospholipase C and inositol
triphosphate signalling to increase intracellular calcium.*¥! The
descending noxious inhibitory pathway contains serotonergic and
noradrenergic receptors that affect glutamate and GABA-ergic
interneurons in the DSH. The serotonergic circuitry originates
at a supraspinal level in the rostroventral medial medulla,
periaqueductal grey and nucleus raphe magnus (NRM). Axons
from these areas project rostrally to innervate forebrain regions
involved in mood and emotion, and caudally to innervate the entire
spinal cord.”* The descending noxious inhibitory pathway has both
a nociceptive facilitatory and inhibitory function, depending on the
type of serotonin receptor involved and the duration of pain."** The
balance of inhibitory and facilitatory function maintains a stable
baseline of nociceptive awareness.!"*!

Both LSD and psilocybin display affinity for the 5-HT,, and ,,
receptor, which is expressed in the descending noxious inhibitory
control (DNIC) system and may have antinociceptive effects on
supraspinal and DSH nociception modulation pathways.!!>*
Serotonin agonism in acute pain facilitates nociception.!”® In chronic
nociplastic pain, descending modulation is predominantly inhibitory

1469 sAMJ November 2023, Vol. 113, No. 11



and acts via 5-HT,, receptors, which are widely expressed in
the NRM and the DSH.P! During chronic inflammatory pain,
the inhibitory influence of the descending serotonin pathway is
maintained; however, a decrease in basal serotonin release in the
spinal cord has been demonstrated in neuropathic pain models."*"
5-HT,, receptor agonism decreases glutamate release acting at the
interneurons that synapse in the DSH. This leads to increased GABA-
dependent inhibition of nociception and a decreased substance P
release.” Supraspinal 5-HT,, agonism lowers glutamate release,
with analgesic effects. The 5-HT,, receptor is also involved in the
pathogenesis of MDD, and forms the basis of chronic nociplastic pain
treatment with antidepressive agents. The analgesic action of LSD
and psilocybin via DNIC, as well as cortical processing, provides a
compelling argument for the use of these classic psychedelic agents
in chronic pain.'*'"! Furthermore, the analgesic effect of 5-HT,, ,,
agonism increases with repeated treatment, unlike opioid receptor
stimulation, which displays receptor upregulation and decreased
therapeutic effect.!'?!

Conclusion

The interruption in clinical research brought about by the Controlled
Substances Act of 1970 had a major impact on knowledge of
psychedelic agents and their potential role in the mental health
and chronic pain epidemic of the 21st century. The psychedelic
renaissance, led by dedicated researchers and clinicians all over the
world, has been slow and careful to reintroduce research into these
plant-based alkaloids. The current challenges we face in managing
patients with chronic pain, with their substantial set of physical
and psychological comorbidities, may achieve significant help from
the unfolding research into the role of serotonin receptor binding
in treating the neuroplastic mechanisms that underpin chronic
nociplastic pain.
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