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ABSTRACT

Chronic neuropathic pain (CNP) refers to pain that lasts for more than three months due to a disease or an injury
to the somatosensory nervous system. The incidence of CNP has been increasing in the world, causing it to
become a global concern and patients often experience spontaneous pain, hyperalgesia, abnormal pain or even
abnormal sensation as some of its main symptoms. In addition to serious pain and poor physical health, CNP also
negatively affects patients’ mental health, thus impacting the overall quality of their lives. The pathogenesis of
CNP is not clear, but some studies have proved that central sensitization, peripheral sensitization, neuro-
inflammation, dysfunction in descending nociceptive modulatory systems, oxidative stress reaction, activation of
glial cells and psychological factors play an important role in the occurrence and development of CNP. In this
context, this article summarizes the current research progress on the mechanism of CNP to provide a basis for
further research in preventing and treating the disease.

1. Introduction

Over the past few years, growing public awareness regarding health
issues, along with the development of medical technology, allowed
people to become more conscious about chronic neuropathic pain
(CNP). This condition significantly affects both the physical and psy-
chological health of patients and with a prevalence rate of 6.9-10%
among the world population, CNP is now considered to be a global
disease (Vos et al., 2017).

According to the International Association of the Study of Pain
(IASP), CNP refers to pain that lasts for more than three months and
which occurs as a result of pathological changes or diseases that affect
the somatosensory system (Cohen et al., 2021; Nicholas et al., 2019).
Various nerve damaging stimuli in the peripheral or central nervous
system can lead to neuropathic pain (NP), such as metabolic diseases,
neurodegenerative diseases, tumors, infections, poisoning, trauma, etc.
Negative symptoms of CNP include numbness, weakness, and loss of
deep tendon reflexes in the affected neural area. Positive symptoms of
CNP include spontaneous pain, stimulus-dependent pain and other

symptoms such as paresthesia, and characteristic paresthesia of CNP is
the key to correctly diagnose this disease and distinguish it from other
pain types (Finnerup et al., 2021; Baron et al., 2010; Gilron et al., 2006).
Pain is the main positive symptom of CNP, and it can still be accom-
panied by pain in the corresponding innervation area after the damage
factors are eliminated. For example, the persistent tearing and burning
pain after herpes zoster, often accompanied by autonomic symptoms,
such as irritability, restlessness (Bannister et al., 2020).

The treatment of neuropathic pain remains a challenge because of
the complexity and diversity of its mechanisms. Currently, the recog-
nized treatment methods include drug therapy and intervention ther-
apy, which can relieve pain to varying degrees, but cannot cure the
disease (Gilron et al., 2015). In clinical practice, the complexity of this
mechanism is addressed by an interdisciplinary approach that includes
cognitive behavioral therapy, physical and occupational therapy, and
others (Baron et al., 2010). Opioids and non-steroidal anti-inflammatory
drugs are commonly used. Since many patients have varying degrees of
mood disorders, drug therapy is often combined with antiepileptic drugs
and antidepressants (Bannister et al., 2020). The main interventional
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therapies include nerve block, transcutaneous electrical stimulation,
spinal cord stimulation, etc (Finnerup et al., 2021; Gilron et al., 2015).

CNP does not refer to a single disease, but is instead a clinical syn-
drome caused by various diseases and lesions (Cohen et al., 2021). In
addition to great physical pain, patients having this condition also suffer
from mental health issues, resulting in emotional distress in the form of
anxiety or depression (Finnerup et al., 2021; Kremer et al., 2021).
Moreover, it has been reported that patients may even develop sleep
disorders which further aggravate pain, thereby disrupting not only
their overall quality of life but also the effectiveness of potential ther-
apies (Meints et al., 2017). Effectively preventing and treating neuro-
pathic pain is therefore of great importance but for this purpose, there is
the need to first understand the pathogenesis of the disease so that,
depending on the mechanism involved, the appropriate targeted treat-
ment can be administered.

However, there is still no consensus on how CNP occurs or develops.
But what is certain is that there is not one, but several, mechanisms that
contribute to CNP. Different mechanisms may be involved in the same
patient, and the combination of these mechanisms leads to the occur-
rence and development of CNP, which not only demonstrates the
complexity of CNP, but also highlights the importance of identifying the
underlying pain mechanisms in the individual patient. Many studies
have proposed that central sensitization, peripheral sensitization, neu-
roinflammation, dysfunction in descending nociceptive modulatory
systems, oxidative stress response and the activation of glial cells could
be some of the main mechanisms responsible. In addition to these, CNP
has also been linked to psychosocial factors (Sun et al., 2021a;
Teixeira-Santos et al., 2020; Ho et al., 2020; Sommer et al., 2018; Koga
et al., 2016; Jensen and Turk, 2014; Hickey et al., 2014; Loeser and
Treede, 2008). Using the above information as background, this article
summarizes the progress made by current research in unveiling the
mechanism of CNP, in view of providing a theoretical basis for further
research on the prevention of the disease.

2. Central sensitization

Based on existing studies, it is now known that the central nervous
system plays an important role in causing CNP as pain can only be
sensed when the central nervous system is intact. The development of
CNP is influenced by the central sensitization process which also rep-
resents an important feature of many patients suffering from chronic
pain (Quesada et al., 2021; Arendt-Nielsen et al., 2018). Central sensi-
tization, as an overexcited state of the central nervous system, occurs
when intense nociceptive stimulation increases the ability of nociceptors
within the central nervous system to respond to normal or subliminal
afferent information.

During central sensitization, nociceptive sensory neurons can pro-
duce or increase spontaneous activity, decrease the peripheral stimula-
tion threshold that can activate neurons, increase the response to
suprathreshold stimulation and enlarge the receptive field (Baron et al.,
2013). At this time, only the neurons specific to nociceptive stimuli
(nociceptive sensory neurons) were converted into wide-dynamic neu-
rons that could respond to both nociceptive and non-nociceptive stimuli,
the response to repeated non-nociceptive stimuli gradually increased
and the receptive field expanded, and these changes of neurons still
existed after the end of stimulation (Yunus, 2008; Neblett et al., 2013).

The main substrate for the central sensitization is activation of the N-
methyl-p-aspartate (NMDA) receptor for glutamate. NMDA receptor
channels are normally blocked by Mg?" ions and activated because the
blockade is abolished by membrane depolarization caused by nocicep-
tive afferent input. Activation of NMDA receptors increases synaptic
efficiency and causes Ca®* influx, thus activating intracellular signaling
pathways, and ultimately initiating and maintaining central sensitiza-
tion (Ji et al., 2018, 2003; Liu et al., 2019; Woolf and Salter, 2000). This
process also relies on epinephrine-f ligand, calcitonin gene-related
peptide (CGRP), brain-derived neurotrophic factor (BDNF), the
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neuromodulator substance P and glutamate neurotransmitters which
together activate various intracellular signaling pathways within the
dorsal horn neurons. Including the phosphatidylinositol-3-kinase (PI3K)
pathway, the mitogen-activated protein kinase (MAPK) pathway, etc
(Latremoliere and Woolf, 2009).

In a diseased state, pain-related central and peripheral neural net-
works display great plasticity. Neuroplasticity is a compensatory change
that occurs when the nerve is injured to adapt to the functional char-
acteristics of neurons, which is of great significance for the maintenance
of normal physiological function. Central sensitization can lead to
changes in membrane excitability, synaptic plasticity and inhibition of
neurons. It can also increase neuronal function while creating loops in
pain transmission pathways to cause pain. In addition to the damaged
area, central sensitization can further lead to pain caused by harmless
stimulation of the area around the injured tissue (Basbaum et al., 2009).
It has been reported that glial cells can also be involved in central
sensitization, with activated microglia releasing and responding to
various chemokines and cytokines to regulate neuroinflammation and
mediate CNP (Sun et al., 2021b; Watkins, 2007).

3. Peripheral sensitization

Peripheral sensitization refers to a condition whereby nociceptors in
the body or visceral structures are activated and display increased
excitability and sensitivity, along with a decreased threshold in response
to harmful stimuli. Tissue injury or nociceptive stimulation can induce
the release of a large number of chemicals from non-nerve cells and
primary afferent terminals in local tissues, which participate in the
activation and sensitization of nociceptors. Such products include
arachidonic acid metabolites, serotonin(5-HT), bradykinin, nerve
growth factor(NGF), nucleotides, and so on (Woolf and Salter, 2000;
Davies et al., 1984; Allison et al., 2016; Liu et al., 2020; Choi and Hwang,
2018). The following examples will illustrate the role and mechanism of
these factors in CNP.

Arachidonic acid is a polyunsaturated fatty acid present in large
amounts within phospholipids of cell membranes, and arachidonic acid
metabolites include prostaglandins, leukotrienes, and thromboxane.
These substances can enhance the pain sensation by increasing the fre-
quency of action potentials triggered by normal stimuli or endogenous
chemicals (Davies et al., 1984). Prostaglandins have been shown to be
detectable in inflammatory exudates in pain models and interact with
other inflammatory mediators to cause hyperalgesia (Allison et al.,
2016). 5-HT is a monoamine released by platelets and mast cells and
widely distributed in the nervous system. It has been proved that 5-HT
can regulate pain, and 5-HT can not only inhibit but also promote
pain sensitivity. Whether the effect is to facilitate or inhibit pain trans-
mission is closely related to the receptor subtypes and the sites of action.
5-HT1, 5-HT2, 5-HT3 and 5-HT7 receptors are the most studied re-
ceptors in neuropathic pain. Activation of 5-HT1A and 5-HT7 receptors
shows antinociceptive effect in neuropathic pain. 5-HT2A receptors
promote local neuropathic pain but inhibit spinal hyperalgesia. The
spinal 5-HT3 receptors played both facilitatory and inhibitory roles in
neuropathic pain which might related to its binding rate (Liu et al.,
2020). Bradykinin is a strong endogenous nociceptive substance
released into tissue fluid by mast cells and eosinophils in injured tissues,
which can excite and sensitize nociceptors. Through intracellular
signaling, mostly composed of G-protein coupled ones, it has been hy-
pothesized that bradykinin may finally augment the depolarizing ac-
tivities of some specific effector ion channels expressed in the nociceptor
neurons (Choi and Hwang, 2018).

Indeed, the release of these peripheral substances from nociceptors
not only assists the inflammatory process, but is also involved in injury-
related pain by interacting with receptors or ion channels on sensory
nerve endings, thus causing primary nociceptive neurons to exhibit
enhanced reaction or excitation to stimuli (Gold and Gebhart, 2010). In
addition, these chemicals can further activate intracellular signaling
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pathways by phosphorylating receptors and pain receptor terminals,
change the kinetics of the pathways and even act on tyrosine kinase
receptors or G protein coupled receptors to increase the sensitivity and
excitability of pain receptor terminals (Julius and Basbaum, 2001).

It has been reported that the transduction of a nociceptive stimulus
depends on a number of voltage-gated channels, including those of so-
dium, potassium and calcium amongst others. A change in conductance
in the nociceptive receptors due to depolarization suggests that trans-
duction of a stimulus could involve the closure of potassium channels.
Moreover, depolarization also produces a resting membrane potential in
pain receptors. Sodium ion is considered to be the transmitter of noci-
ceptive signals which regulate the excitability of neurons and the for-
mation of the depolarization phase of action potential. This was
supported by some experiments whereby the loss of voltage-gated so-
dium channels in rats’ sensory neurons was shown to reduce pain
sensitivity. In addition, while the calcium channel was lightly expressed
in dorsal root ganglions, the expression increased significantly after
nerve injury, thus proving that, for the auxiliary voltage-gated calcium
channel, its subunits were closely related to abnormal pain (Sun et al.,
2021b; Julius and Basbaum, 2001; Wang et al., 2021; MacDonald et al.,
2021; Liu and Wang, 2019; Peng et al., 2017).

4. Neuroinflammation

When inflammatory reaction occurs, macrophages and Schwann
cells can release pro-inflammatory cytokines such as IL-1f, IL-6, TNF-
aand anti-inflammatory cytokines such as IL-4, IL-10 to regulate in-
flammatory process. Increasing evidence points to the fact that these
factors contributes to the occurrence of CNP (Ji et al., 2014, 2016; Biet
et al., 2021). Feeling pain is usually linked to inflammation which
basically refers to the body’s multi-system response to tissue damage or
stimulation. Indeed, after injuries to tissues, it involves increased
vascular permeability, leukocyte infiltration, glial cell activation and the
production of inflammatory mediators such as tumor necrosis factor,
interleukin-1 (IL-1) and interleukin-6 (IL6) which are related to fever,
prostaglandin, bradykinin and substance P which are linked to pain,
histamine, bradykinin and nitric oxide which cause vasodilation as well
as oxygen free radicals and lysosomal enzymes which are related to
tissue injury. Interestingly, these inflammatory factors exert multiple
effects on tissues and cells, with one example being the ability of IL-6 to
promote both inflammatory response and the development of blood
cells.

Neuroinflammation in CNP is usually the result of peripheral damage
to primary sensory neurons and overactivity within the neural network.
Inflammatory mediators can directly stimulate the pain receptors on the
primary afferents in surrounding tissues, making them increasingly
sensitive to stimuli. Such overactivity of the primary afferents subse-
quently causes more neurotransmitters to be released, leading to the
overactivity of postsynaptic nociceptive neurons (Ji et al., 2014).
Furthermore, neuroinflammation also activates microglia such as
Schwann cells which, in turn, activate mitogen activated protein kinase
(MAPK) and extracellular regulated protein kinase (ERK) at the begin-
ning of a nerve injury to trigger the expression of those inflammatory
mediators that lead to chronic pain (Napoli et al., 2012). It is also well
known that during the early stages of acute inflammation, neutrophils
are among the first cells that infiltrate damaged tissues where they
phagocytize bacteria and foreign bodies. Hence, some studies involving
these inflammatory cells have shown that their accumulation in injured
nerves could contribute to the early occurrence of peripheral neuro-
pathic pain. This is presumably because immune cells release various
algesic mediators which can sensitize or excite primary nociceptive af-
ferents elicit hyperalgesia and contribute to the generation of neuro-
pathic pain disorders (Perkins and Tracey, 2000).
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5. Dysfunction in descending nociceptive modulatory systems

The brain coordinates a top-down pain modulation system that can
promote or inhibit nociception from the periphery. Descending noci-
ceptive modulatory systems, including descending nociceptive inhibi-
tion system and descending nociceptive facilitation system, plays an
important role in the generation and maintenance of pain. Growing
evidence supports that chronic pain is associated with dysregulation of
the descending pain regulation systems.Disruption of the balance of
descending regulatory systems activate the descending facilitation sys-
tem may promote and maintain chronic pain.Impaired function of the
descending inhibition system may be an important factor in determining
whether pain is likely to become chronic (Ossipov et al., 2014).

The descending facilitation system includes the anterior cingulate
cortex, hypothalamus, amygdala, periaqueductal gray (PAG), rostral
ventromedial medulla (RVM), nucleus of solitary tract and dorsal
reticular nucleus. In physiological state, the activation of descending
facilitation system is to improve the response ability to nociceptive
stimuli by lowering pain threshold. After nerve injury, the descending
facilitation system can be activated through two pathways. One is to
excite neurons in the superficial layer of spinal dorsal horn, which
transmits information to amygdala and hypothalamus, indirectly
causing RVM activation. The other is that the nerve fibers in the injured
area and the adjacent uninjured area produce spontaneous discharge,
which is transmitted to the higher center through the gracile nucleus to
activate the descending facilitation system (Ossipov et al., 2014; Wei
et al., 1999). The RVM also plays an important role in the descending
inhibitory system and exerts a bidirectional pain modulatory effect, both
inhibiting and facilitating pain.

The descending inhibitory system is composed of the projection of
the periaqueductal gray matter from the ventral lateral aqueduct to the
rostral ventromedial medulla as well as the connection between the
above structures, the upstream cortical and subcortical brain regions
and the downstream spinal cord neurons. Descending inhibitory path-
ways mainly include the brainstem descending inhibitory system
composed of PAG-RVM-dorsal horn of spinal cord/spinal trigeminal
nucleus, the mesolimbic analgesic circuit composed of PAG-nucleus
accumbens-habenular nucleus-PAG circuit and thalamic subcentral
nucleus-ventrolateral frame cortex-PAG circuit, the cerebral cortex
descending inhibitory pathway composed of hypothalamic arcuate nu-
cleus pain modulation system, and the descending pain modulation
system of limbic system via habenular nucleus (Eippert et al., 2009).
PAG is the center, RVM is the relay station, and then it goes down to the
dorsal horn of spinal cord through the dorsal lateral tract of spinal cord
to regulate pain. As a descending nerve fiber that extends from the
reticular structure to the spinal cord’s anterior horn cells, this
descending inhibitory system whose neurons are housed within many
different nuclei such as the nucleus raphe magnus, the nucleus raphe
dorsalis, the locus ceruleus, the periaqueductal gray, the reticular for-
mation, the hypothalamus and the somatosensory cortex, is actively
involved in transmitting peripheral nociceptive sensation to the central
nervous system (Kuner, 2010; Bouchet and Ingram, 2020).

Although pain signals are transmitted around neural networks, the
descending inhibition system blocks the transmission at the spinal cord
to relieve pain, with this process being beneficial to the body under
certain physiological conditions. However, when nociceptive stimula-
tion persists, neuroplastic changes can occur in the neurons of the rostral
ventromedial medulla of the descending inhibitory system, leading to
the continuous transmission of pain signals which further aggravates
feelings of pain (Zhuo and Gebhart, 1997).

The above antinociceptive effect exerted by the descending modu-
latory systems occurs at the spinal cord level mainly through descending
5-hydroxytryptamine (5-HT) and noradrenergic projection fibers
(Yamaguchi et al., 2021; Kaswan et al., 2021). The central and periph-
eral nervous systems, especially areas such as the amygdala, the pre-
frontal cortex and the thalamus that are involved in pain processing, are
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characterized by the high expression of o and p adrenergic receptors
which mediate the effects of norepinephrine. When noxious stimulation
activates the endogenous descending modulatory system, 5-HT, as the
main neurotransmitter in that system, is released in the spinal cord’s
dorsal horn to downregulate pain levels (Bravo et al., 2019; Bannister
et al., 2017). The descending regulatory system could potentially be
involved in various non-drug-based methods of CNP, including trans-
cutaneous nerve electrical stimulation, acupuncture and hypnosis
(Kuner, 2010).

6. Oxidative stress reaction

Oxidative stress (OS) occurs as a result of an imbalance between the
body’s oxidative processes and its anti-oxidant mechanisms, thereby
leading to inflammation (e.g., neutrophils infiltration) as well as the
production of various intermediates, with the most common ones being
intracellular reactive oxygen species (ROS), superoxide dismutase
(SOD), intracellular glutathione (GSH) and malondialdehyde (MDA).
Under normal physiological conditions, the amount of reactive oxygen
species is regulated by antioxidant systems to carry out signal trans-
duction in normal cells. However, under pathological conditions, reac-
tive oxygen species are produced in larger quantities and even promote
further production of ROS, along with inflammatory factors through
specific signal pathways. For instance, damage to the central nervous
system and the resulting increase in extracellular levels of glutamate
causes excessive activation of N-methyl-D-aspartate (NMDA) receptors.
This, in turn, leads to an influx of calcium ions which eventually pro-
duces large amounts of ROS (Yang et al., 2021; Mata-Bermudez et al.,
2021). Altogether, these processes damage cells irreversibly and may
even lead to apoptosis.

Given that reactive oxygen species helps in transmitting neuropathic
pain after nerve injury, an increase in its concentration after spinal cord
injury can downregulate the transmission of y-aminobutyric acid
(GABA) within the dorsal horn, resulting in various diseases (Zhou et al.,
2021; Gwak et al., 2013). Studies of capsaicin models have shown that
large amounts of superoxide free radicals are produced by dorsal horn
neurons, with ROS levels being correlated to the level of secondary
hyperalgesia. The experimental results further showed that central
sensitization was also influenced by superoxides (Bittar et al., 2017;
Schwartz et al., 2009). Finally, based on models of neuropathic pain, it
has been reported that the administration of non-selective ROS scav-
engers could reduce the overexcitation of nociceptive neurons in the
spinal dorsal horn to reduce their hypersensitivity (Grace et al., 2016).

7. Activation of glial cells

Glial cells which are closely involved in CNP can be divided into
either microglia that mainly exist around blood vessels and in the pa-
renchyma of the central nervous system or astrocytes which are derived
from neuroectoderm and form close synapses with neurons (McMahon
and Malcangio, 2009; Hulsebosch, 2008). Within the central nervous
system, microglia, as the main innate immune cells, get activated in
response to stimulations, including mild ones.

In fact, microglia are likely to be involved when a nerve injury leads
to neuropathic pain which is characterized by signal transduction after
increased excitability in the dorsal horn. This enhanced excitability is
produced by a complex transmission process resulting from communi-
cations between microglia, astrocytes, dorsal horn neurons and primary
afferents (Ellis and Bennett, 2013). Indeed, after peripheral nerve injury,
stimulated nociceptors can induce significant proliferation as well as
activation of microglia, alongside a significant upregulation of micro-
glial markers in the spinal cord (Ji et al., 2016). The activation of
intracellular signaling pathway, especially the MAPK pathway, is a key
step in glial activation in persistent pain, with many mediators such as
growth factors and matrix metalloproteinases also playing a role in the
direct communication between damaged primary afferent nerves and
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microglia (Ji et al., 2018; Calvo and Bennett, 2012).

The two types of glial cells also release various growth factors, in-
flammatory factors and neuroregulators to induce neuroinflammation,
with the release of these mediators further facilitating the transmission
of pain signals and leading to neuropathic pain. However, this process is
far from a simple passive one resulting from degenerated axonal ter-
minals. Instead, this involves an active process which occurs when
damaged neurons release signals in response to injuries (Ellis and Ben-
nett, 2013). Sensitization of the central nervous system as well as greater
release of inflammatory factors may also take place when glial cells are
activated and this can eventually worsen the process of chronic pain.

8. Psychosocial factors

Psychosocial factors are also known to contribute to the occurrence
and development of CNP (Meints and Edwards, 2018). Studies have
already shown that chronic pain can lead to some degree of psycho-
logical and mental disorders, with many patients displaying varying
degrees of anxiety, depression, sleep disorders or even strong suicidal
tendencies (Kremer et al., 2021; Grocott et al., 2021; Melikoglu and
Celik, 2017; Turk et al., 2016; Fishbain et al., 2014). Such psychological
changes further increase the sensitivity of patients to pain, and patients
showing pain intolerance is one of the important mechanisms of chronic
pain. This also explains why anti-anxiety and antidepressant medica-
tions are added to the treatment against CNP (Boadas-Vaello et al.,
2018).

At present, there are several theories to explain the psychological
mechanism of neuropathic pain, mainly including fear-avoidance theory
and operant conditioning theory. The fear-avoidance theory holds that
people have two behavioral responses: confrontation and avoidance
when facing the fear related to pain. Confrontation behavior will
eventually lead to the reduction of fear, avoidance will lead to the
maintenance and amplification of fear, and ultimately lead to various
obstacles in the body (Crombez et al., 2012). Fear of pain may cause
related dysfunction because fear can sensitize pain or lower the pain
threshold. According to the operant conditioning theory, chronic pain is
exacerbated by painful behaviors such as moaning.Pain and its conse-
quences increase pain behavior and contribute significantly to pain
persistence (Leeuw et al., 2007).

Furthermore, social factors, including trauma, interpersonal re-
lationships, social support and race, can promote the occurrence,
development and prognosis of CNP. For instance, a link between psy-
chological or physical trauma during childhood and chronic pain in
adulthood has been reported. Similarly, good social support and re-
lationships can improve the physical capabilities of patients suffering
from pain symptoms, reduce the pain intensity and even increase pain
threshold. Finally, in terms of ethnicity, it has been reported that blacks
displayed more sensitivity to pain than whites (Meints et al., 2017; Turk
et al., 2016; Burke et al., 2017; Guillory et al., 2015).

9. Conclusions

CNP is a kind of disease with very complex mechanism caused by
nervous system injury or disease. At present, there is no particularly
effective treatment, which brings great adverse effects to the life of
patients and aggravates the medical pressure of the society. The above
summary provides a clear idea of the pathophysiology and psychosocial
mechanism of CNP, while highlighting the fact that the occurrence and
development of this disease is not caused by a single mechanism.
Instead, it is the result of several processes which often occur together
and influence each other. For example, neuroinflammation can lead to
the activation of microglia, resulting in peripheral and central sensiti-
zation, with microglial activation further releasing inflammatory fac-
tors. Similarly, the intermediate products of oxidative stress injury can
interact with inflammatory factors while at the same time, the social
environment and patients’ psychological factors can contribute to the
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disease.

Our understanding of the underlying pathophysiological and psy-
chological mechanisms of CNP has been greatly improved through the
continuous efforts of many researchers and medical workers.Clarifying
the pathogenesis of the disease is conducive to mining new therapeutic
targets, developing new therapeutic methods, and improving the cure
rate and discharge rate of patients.With advances in sequencing tech-
nology, the emergence of new molecular techniques, and the invention
of various emerging approaches, the likelihood of a cure for CNP will
increase dramatically.

Ethical statement

This article does not involve human or animal experiments, and all
authors agree to publish it.

Funding

This work was supported by The Ph.D. of the affiliated Hospital of
Inner Mongolia Medical University starts the fund project [Grant num-
ber NYFY BS 202134]; Support Program for Young Scientific and
Technological Talents in Colleges and Universities [Grant number
NJYT22020]; Health Science and Technology Program Project of Inner
Mongolia Autonomous Region in 2022 [Grant number 202201244]; and
Health Science and Technology Project of Inner Mongolia Autonomous
Region in 2022 [Grant number 202201191].

Conflicts of interest

The author(s) declared no potential conflicts of interest with respect
to the research, author- ship, and/or publication of this article.

References

Allison, D.J., Thomas, A., Beaudry, K., Ditor, D.S., 2016. Targeting inflammation as a
treatment modality for neuropathic pain in spinal cord injury: a randomized clinical
trial. J. Neuroinflamm. 13 (1), 152. https://doi.org/10.1186/512974-016-0625-4.

Arendt-Nielsen, L., Morlion, B., Perrot, S., Dahan, A., Dickenson, A., Kress, H.G., et al.,
2018. Assessment and manifestation of central sensitisation across different chronic
pain conditions. Eur. J. Pain 22 (2), 216-241. https://doi.org/10.1002/ejp.1140.

Bannister, K., Lockwood, S., Goncalves, L., Patel, R., Dickenson, A.H., 2017. An
investigation into the inhibitory function of serotonin in diffuse noxious inhibitory
controls in the neuropathic rat. Eur. J. Pain 21 (4), 750-760. https://doi.org/
10.1002/ejp.979.

Bannister, K., Sachau, J., Baron, R., Dickenson, A.H., 2020. Neuropathic pain:
mechanism-based therapeutics. Annu. Rev. Pharmacol. Toxicol. 60, 257-274.
https://doi.org/10.1146/annurev-pharmtox-010818-021524.

Baron, R., Binder, A., Wasner, G., 2010. Neuropathic pain: diagnosis, pathophysiological
mechanisms, and treatment. Lancet Neurol. 9 (8), 807-819. https://doi.org/
10.1016/s1474-4422(10)70143-5.

Baron, R., Hans, G., Dickenson, A.H., 2013. Peripheral input and its importance for
central sensitization. Ann. Neurol. 74 (5), 630-636. https://doi.org/10.1002/
ana.24017.

Basbaum, A.L, Bautista, D.M., Scherrer, G., Julius, D., 2009. Cellular and molecular
mechanisms of pain. Cell 139 (2), 267-284. https://doi.org/10.1016/j.
cell.2009.09.028.

Biet, M., Dansereau, M.A., Sarret, P., Dumaine, R., 2021. The neuronal potassium current
IA is a potential target for pain during chronic inflammation. Physiol. Rep. 9 (16),
€14975 https://doi.org/10.14814/phy2.14975.

Bittar, A., Jun, J., La, J.H., Wang, J., Leem, J.W., Chung, J.M., 2017. Reactive oxygen
species affect spinal cell type-specific synaptic plasticity in a model of neuropathic
pain. Pain 158 (11), 2137-2146. https://doi.org/10.1097/j.
pain.0000000000001014.

Boadas-Vaello, P., Homs, J., Portero-Tresserra, M., Alvarez-Perez, B., Deulofeu, M.,
Verdu, E., 2018. Graded photochemical spinal cord injury results in chronic
hyperalgesia and depression-like behaviour but no anxiety exacerbation in female
BALB/c mice. Neurosci. Lett. 664, 98-106. https://doi.org/10.1016/j.
neulet.2017.11.007.

Bouchet, C.A., Ingram, S.L., 2020. Cannabinoids in the descending pain modulatory
circuit: Role in inflammation. Pharmacol. Ther. 209, 107495 https://doi.org/
10.1016/j.pharmthera.2020.107495.

Bravo, L., Llorca-Torralba, M., Berrocoso, E., Mico, J.A., 2019. Monoamines as drug
targets in chronic pain: focusing on neuropathic pain. Front. Neurosci. 13, 1268.
https://doi.org/10.3389/fnins.2019.01268.

Burke, N.N., Finn, D.P., McGuire, B.E., Roche, M., 2017. Psychological stress in early life
as a predisposing factor for the development of chronic pain: clinical and preclinical

IBRO Neuroscience Reports 14 (2023) 80-85

evidence and neurobiological mechanisms. J. Neurosci. Res. 95 (6), 1257-1270.
https://doi.org/10.1002/jnr.23802.

Calvo, M., Bennett, D.L., 2012. The mechanisms of microgliosis and pain following
peripheral nerve injury. Exp. Neurol. 234 (2), 271-282. https://doi.org/10.1016/j.
expneurol.2011.08.018.

Choi, S.I., Hwang, S.W., 2018. Depolarizing effectors of bradykinin signaling in
nociceptor excitation in pain perception. Biomol. Ther. 26 (3), 255-267. https://doi.
org/10.4062/biomolther.2017.127.

Cohen, S.P., Vase, L., Hooten, W.M., 2021. Chronic pain: an update on burden, best
practices, and new advances. Lancet 397 (10289), 2082-2097. https://doi.org/
10.1016/50140-6736(21)00393-7.

Crombez, G., Eccleston, C., Van Damme, S., Vlaeyen, J.W., Karoly, P., 2012. Fear-
avoidance model of chronic pain: the next generation. Clin. J. Pain 28 (6), 475-483.
https://doi.org/10.1097/AJP.0b013e3182385392.

Davies, P., Bailey, P.J., Goldenberg, M.M., Ford-Hutchinson, A.W., 1984. The role of
arachidonic acid oxygenation products in pain and inflammation. Annu. Rev.
Immunol. 2, 335-357. https://doi.org/10.1146/annurev.iy.02.040184.002003.

Eippert, F., Bingel, U., Schoell, E.D., Yacubian, J., Klinger, R., Lorenz, J., et al., 2009.
Activation of the opioidergic descending pain control system underlies placebo
analgesia. Neuron 63 (4), 533-543. https://doi.org/10.1016/j.neuron.2009.07.014.

Ellis, A., Bennett, D.L., 2013. Neuroinflammation and the generation of neuropathic
pain. Br. J. Anaesth. 111 (1), 26-37. https://doi.org/10.1093/bja/aet128.

Finnerup, N.B., Kuner, R., Jensen, T.S., 2021. Neuropathic pain: from mechanisms to
treatment. Physiol. Rev. 101 (1), 259-301. https://doi.org/10.1152/
physrev.00045.2019.

Fishbain, D.A., Lewis, J.E., Gao, J., 2014. The pain suicidality association: a narrative
review. Pain Med. 15 (11), 1835-1849. https://doi.org/10.1111/pme.12463.

Gilron, 1., Watson, C.P., Cahill, C.M., Moulin, D.E., 2006. Neuropathic pain: a practical
guide for the clinician. CMAJ 175 (3), 265-275. https://doi.org/10.1503/
cmaj.060146.

Gilron, 1., Baron, R., Jensen, T., 2015. Neuropathic pain: principles of diagnosis and
treatment. Mayo Clin. Proc. 90 (4), 532-545. https://doi.org/10.1016/j.
mayocp.2015.01.018.

Gold, M.S., Gebhart, G.F., 2010. Nociceptor sensitization in pain pathogenesis. Nat. Med.
16 (11), 1248-1257. https://doi.org/10.1038/nm.2235.

Grace, P.M., Gaudet, A.D., Staikopoulos, V., Maier, S.F., Hutchinson, M.R., Salvemini, D.,
et al., 2016. Nitroxidative signaling mechanisms in pathological pain. Trends
Neurosci. 39 (12), 862-879. https://doi.org/10.1016/j.tins.2016.10.003.

Grocott, B., Sommer, J.L., El-Gabalawy, R., 2021. Usual presence and intensity of pain
are differentially associated with suicidality across chronic pain conditions: a
population-based study. J. Psychosom. Res. 148, 110557 https://doi.org/10.1016/j.
jpsychores.2021.110557.

Guillory, J., Chang, P., Henderson Jr., C.R., Shengelia, R., Lama, S., Warmington, M.,
et al., 2015. Piloting a text message-based social support intervention for patients
with chronic pain: establishing feasibility and preliminary efficacy. Clin. J. Pain 31
(6), 548-556. https://doi.org/10.1097/ajp.0000000000000193.

Gwak, Y.S., Hassler, S.E., Hulsebosch, C.E., 2013. Reactive oxygen species contribute to
neuropathic pain and locomotor dysfunction via activation of CamKII in remote
segments following spinal cord contusion injury in rats. Pain 154 (9), 1699-1708.
https://doi.org/10.1016/j.pain.2013.05.018.

Hickey, L., Li, Y., Fyson, S.J., Watson, T.C., Perrins, R., Hewinson, J., et al., 2014.
Optoactivation of locus ceruleus neurons evokes bidirectional changes in thermal
nociception in rats. J. Neurosci. 34 (12), 4148-4160. https://doi.org/10.1523/
JNEUROSCI.4835-13.2014.

Ho, LH.T., Chan, M.T.V., Wu, W.K.K,, Liu, X., 2020. Spinal microglia-neuron interactions
in chronic pain. J. Leukoc. Biol. 108 (5), 1575-1592. https://doi.org/10.1002/
jlb.3mr0520-695r.

Hulsebosch, C.E., 2008. Gliopathy ensures persistent inflammation and chronic pain
after spinal cord injury. Exp. Neurol. 214 (1), 6-9. https://doi.org/10.1016/j.
expneurol.2008.07.016.

Jensen, M.P., Turk, D.C., 2014. Contributions of psychology to the understanding and
treatment of people with chronic pain: why it matters to ALL psychologists. Am.
Psychol. 69 (2), 105-118. https://doi.org/10.1037/a0035641.

Ji, R.R., Kohno, T., Moore, K.A., Woolf, C.J., 2003. Central sensitization and LTP: do pain
and memory share similar mechanisms. Trends Neurosci. 26 (12), 696-705. https://
doi.org/10.1016/j.tins.2003.09.017.

Ji, R.R., Xu, Z.Z., Gao, Y.J., 2014. Emerging targets in neuroinflammation-driven chronic
pain. Nat. Rev. Drug Discov. 13 (7), 533-548. https://doi.org/10.1038/nrd4334.

Ji, R.R., Chamessian, A., Zhang, Y.Q., 2016. Pain regulation by non-neuronal cells and
inflammation. Science 354 (6312), 572-577. https://doi.org/10.1126/science.
aaf8924.

Ji, R.R., Nackley, A., Huh, Y., Terrando, N., Maixner, W., 2018. Neuroinflammation and
central sensitization in chronic and widespread pain. Anesthesiology 129 (2),
343-366. https://doi.org/10.1097/aln.0000000000002130.

Julius, D., Basbaum, A.L., 2001. Molecular mechanisms of nociception. Nature 413
(6852), 203-210. https://doi.org/10.1038/35093019.

Kaswan, N.K., Mohammed Izham, N.A.B., Tengku Mohamad, T.A.S., Sulaiman, M.R.,
Perimal, E.K., 2021. Cardamonin modulates neuropathic pain through the possible
involvement of serotonergic 5-HT1A receptor pathway in CCI-induced neuropathic
pain mice model. Molecules 26 (12). https://doi.org/10.3390/molecules26123677.

Koga, K., Li, S., Zhuo, M., 2016. Metabotropic glutamate receptor dependent cortical
plasticity in chronic pain. Curr. Neuropharmacol. 14 (5), 427-434. https://doi.org/
10.2174/1570159x13666150425002304.

Kremer, M., Becker, L.J., Barrot, M., Yalcin, I., 2021. How to study anxiety and
depression in rodent models of chronic pain. Eur. J. Neurosci. 53 (1), 236-270.
https://doi.org/10.1111/ejn.14686.


https://doi.org/10.1186/s12974-016-0625-4
https://doi.org/10.1002/ejp.1140
https://doi.org/10.1002/ejp.979
https://doi.org/10.1002/ejp.979
https://doi.org/10.1146/annurev-pharmtox-010818-021524
https://doi.org/10.1016/s1474-4422(10)70143-5
https://doi.org/10.1016/s1474-4422(10)70143-5
https://doi.org/10.1002/ana.24017
https://doi.org/10.1002/ana.24017
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.14814/phy2.14975
https://doi.org/10.1097/j.pain.0000000000001014
https://doi.org/10.1097/j.pain.0000000000001014
https://doi.org/10.1016/j.neulet.2017.11.007
https://doi.org/10.1016/j.neulet.2017.11.007
https://doi.org/10.1016/j.pharmthera.2020.107495
https://doi.org/10.1016/j.pharmthera.2020.107495
https://doi.org/10.3389/fnins.2019.01268
https://doi.org/10.1002/jnr.23802
https://doi.org/10.1016/j.expneurol.2011.08.018
https://doi.org/10.1016/j.expneurol.2011.08.018
https://doi.org/10.4062/biomolther.2017.127
https://doi.org/10.4062/biomolther.2017.127
https://doi.org/10.1016/s0140-6736(21)00393-7
https://doi.org/10.1016/s0140-6736(21)00393-7
https://doi.org/10.1097/AJP.0b013e3182385392
https://doi.org/10.1146/annurev.iy.02.040184.002003
https://doi.org/10.1016/j.neuron.2009.07.014
https://doi.org/10.1093/bja/aet128
https://doi.org/10.1152/physrev.00045.2019
https://doi.org/10.1152/physrev.00045.2019
https://doi.org/10.1111/pme.12463
https://doi.org/10.1503/cmaj.060146
https://doi.org/10.1503/cmaj.060146
https://doi.org/10.1016/j.mayocp.2015.01.018
https://doi.org/10.1016/j.mayocp.2015.01.018
https://doi.org/10.1038/nm.2235
https://doi.org/10.1016/j.tins.2016.10.003
https://doi.org/10.1016/j.jpsychores.2021.110557
https://doi.org/10.1016/j.jpsychores.2021.110557
https://doi.org/10.1097/ajp.0000000000000193
https://doi.org/10.1016/j.pain.2013.05.018
https://doi.org/10.1523/JNEUROSCI.4835-13.2014
https://doi.org/10.1523/JNEUROSCI.4835-13.2014
https://doi.org/10.1002/jlb.3mr0520-695r
https://doi.org/10.1002/jlb.3mr0520-695r
https://doi.org/10.1016/j.expneurol.2008.07.016
https://doi.org/10.1016/j.expneurol.2008.07.016
https://doi.org/10.1037/a0035641
https://doi.org/10.1016/j.tins.2003.09.017
https://doi.org/10.1016/j.tins.2003.09.017
https://doi.org/10.1038/nrd4334
https://doi.org/10.1126/science.aaf8924
https://doi.org/10.1126/science.aaf8924
https://doi.org/10.1097/aln.0000000000002130
https://doi.org/10.1038/35093019
https://doi.org/10.3390/molecules26123677
https://doi.org/10.2174/1570159&times;13666150425002304
https://doi.org/10.2174/1570159&times;13666150425002304
https://doi.org/10.1111/ejn.14686

C.-x. Cui et al.

Kuner, R., 2010. Central mechanisms of pathological pain. Nat. Med. 16 (11),
1258-1266. https://doi.org/10.1038/nm.2231.

Latremoliere, A., Woolf, C.J., 2009. Central sensitization: a generator of pain
hypersensitivity by central neural plasticity. J. Pain 10 (9), 895-926. https://doi.
org/10.1016/j.jpain.2009.06.012.

Leeuw, M., Goossens, M.E., Linton, S.J., Crombez, G., Boersma, K., Vlaeyen, J.W., 2007.
The fear-avoidance model of musculoskeletal pain: current state of scientific
evidence. J. Behav. Med. 30 (1), 77-94. https://doi.org/10.1007/5s10865-006-9085-
0.

Liu, Q.Q., Yao, X.X., Gao, S.H,, Li, R., Li, B.J., Yang, W., et al., 2020. Role of 5-HT
receptors in neuropathic pain: potential therapeutic implications. Pharmacol. Res.
159, 104949 https://doi.org/10.1016/j.phrs.2020.104949.

Liu, Y., Wang, K., 2019. Exploiting the diversity of ion channels: modulation of ion
channels for therapeutic indications. Handb. Exp. Pharmacol. 260, 187-205. https://
doi.org/10.1007/164_2019_333.

Liu, Z.Y., Song, Z.W., Guo, S.W., He, J.S., Wang, S.Y., Zhu, J.G., et al., 2019. CXCL12/
CXCR4 signaling contributes to neuropathic pain via central sensitization
mechanisms in a rat spinal nerve ligation model. CNS Neurosci. Ther. 25 (9),
922-936. https://doi.org/10.1111/cns.13128.

Loeser, J.D., Treede, R.D., 2008. The Kyoto protocol of IASP basic pain terminology. Pain
137 (3), 473-477. https://doi.org/10.1016/j.pain.2008.04.025.

MacDonald, D.I., Sikandar, S., Weiss, J., Pyrski, M., Luiz, A.P., Millet, Q., et al., 2021.
A central mechanism of analgesia in mice and humans lacking the sodium channel
NaV1.7. e6 Neuron 109 (9), 1497-1512. https://doi.org/10.1016/j.
neuron.2021.03.012.

Mata-Bermudez, A., Rios, C., Burelo, M., Perez-Gonzalez, C., Garcia-Martinez, B.A.,
Jardon-Guadarrama, G., et al., 2021. Amantadine prevented hypersensitivity and
decreased oxidative stress by NMDA receptor antagonism after spinal cord injury in
rats. Eur. J. Pain 25 (8), 1839-1851. https://doi.org/10.1002/ejp.1795.

McMabhon, S.B., Malcangio, M., 2009. Current challenges in glia-pain biology. Neuron 64
(1), 46-54. https://doi.org/10.1016/j.neuron.2009.09.033.

Meints, S.M., Edwards, R.R., 2018. Evaluating psychosocial contributions to chronic pain
outcomes. Prog. Neuropsychopharmacol. Biol. Psychiatry 87 (Part B), 168-182.
https://doi.org/10.1016/j.pnpbp.2018.01.017.

Meints, S.M., Stout, M., Abplanalp, S., Hirsh, A.T., 2017. Pain-related rumination, but not
magnification or helplessness, mediates race and sex differences in experimental
pain. J. Pain 18 (3), 332-339. https://doi.org/10.1016/j.jpain.2016.11.005.

Melikoglu, M.A., Celik, A., 2017. Does neuropathic pain affect the quality of sleep.
Eurasia J. Med. 49 (1), 40-43. https://doi.org/10.5152/eurasianjmed.2017.16261.

Napoli, I., Noon, L.A., Ribeiro, S., Kerai, A.P., Parrinello, S., Rosenberg, L.H., et al., 2012.
A central role for the ERK-signaling pathway in controlling Schwann cell plasticity
and peripheral nerve regeneration in vivo. Neuron 73 (4), 729-742. https://doi.org/
10.1016/j.neuron.2011.11.031.

Neblett, R., Cohen, H., Choi, Y., Hartzell, M.M., Williams, M., Mayer, T.G., et al., 2013.
The Central Sensitization Inventory (CSI): establishing clinically significant values
for identifying central sensitivity syndromes in an outpatient chronic pain sample.
J. Pain 14 (5), 438-445. https://doi.org/10.1016/].jpain.2012.11.012.

Nicholas, M., Vlaeyen, J.W.S., Rief, W., Barke, A., Aziz, Q., Benoliel, R., et al., 2019. The
IASP classification of chronic pain for ICD-11: chronic primary pain. Pain 160 (1),
28-37. https://doi.org/10.1097/j.pain.0000000000001390.

Ossipov, M.H., Morimura, K., Porreca, F., 2014. Descending pain modulation and
chronification of pain. Curr. Opin. Support Palliat. Care 8 (2), 143-151. https://doi.
org/10.1097/spc.0000000000000055.

Peng, C., Li, L., Zhang, M.D., Bengtsson Gonzales, C., Parisien, M., Belfer, L, et al., 2017.
miR-183 cluster scales mechanical pain sensitivity by regulating basal and
neuropathic pain genes. Science 356 (6343), 1168-1171. https://doi.org/10.1126/
science.aam7671.

Perkins, N.M., Tracey, D.J., 2000. Hyperalgesia due to nerve injury: role of neutrophils.
Neuroscience 101 (3), 745-757. https://doi.org/10.1016/50306-4522(00)00396-1.

85

IBRO Neuroscience Reports 14 (2023) 80-85

Quesada, C., Kostenko, A., Ho, 1., Leone, C., Nochi, Z., Stouffs, A., et al., 2021. Human
surrogate models of central sensitization: a critical review and practical guide. Eur.
J. Pain 25 (7), 1389-1428. https://doi.org/10.1002/ejp.1768.

Schwartz, E.S., Kim, H.Y., Wang, J., Lee, L, Klann, E., Chung, J.M., et al., 2009. Persistent
pain is dependent on spinal mitochondrial antioxidant levels. J. Neurosci. 29 (1),
159-168. https://doi.org/10.1523/JNEUROSCI.3792-08.2009.

Sommer, C., Leinders, M., Uceyler, N., 2018. Inflammation in the pathophysiology of
neuropathic pain. Pain 159 (3), 595-602. https://doi.org/10.1097/j.
pain.0000000000001122.

Sun, L., Peng, C., Joosten, E., Cheung, C.W., Tan, F., Jiang, W., et al., 2021a. Spinal cord
stimulation and treatment of peripheral or central neuropathic pain: mechanisms
and clinical application. Neural Plast. 2021, 5607898. https://doi.org/10.1155/
2021/5607898.

Sun, L., Xia, R., Jiang, J., Wen, T., Huang, Z., Qian, R., et al., 2021b. MicroRNA-96 is
required to prevent allodynia by repressing voltage-gated sodium channels in spinal
cord. Prog. Neurobiol. 202, 102024 https://doi.org/10.1016/j.
pneurobio.2021.102024.

Teixeira-Santos, L., Albino-Teixeira, A., Pinho, D., 2020. Neuroinflammation, oxidative
stress and their interplay in neuropathic pain: focus on specialized pro-resolving
mediators and NADPH oxidase inhibitors as potential therapeutic strategies.
Pharmacol. Res. 162, 105280 https://doi.org/10.1016/j.phrs.2020.105280.

Turk, D.C,, Fillingim, R.B., Ohrbach, R., Patel, K.V., 2016. Assessment of psychosocial
and functional impact of chronic pain. J. Pain 17 (Suppl. 9), ST21-ST49. https://doi.
org/10.1016/j.jpain.2016.02.006.

Vos, T., Abajobir, A.A., Abate, K.H., Abbafati, C., Abbas, K.M., Abd-Allah, F., et al., 2017.
Global, regional, and national incidence, prevalence, and years lived with disability
for 328 diseases and injuries for 195 countries, 1990-2016: a systematic analysis for
the Global Burden of Disease Study 2016. Lancet 390 (10100), 1211-1259. https://
doi.org/10.1016/s0140-6736(17)32154-2.

Wang, J., Liu, Y., Hu, F., Yang, J., Guo, X., Hou, X., et al., 2021. Activation of neuronal
voltage-gated potassium Kv7/KCNQ/M-current by a novel channel opener SCR2682
for alleviation of chronic pain. J. Pharmacol. Exp. Ther. 377 (1), 20-28. https://doi.
org/10.1124/jpet.120.000357.

Watkins, L.R., 2007. Immune and glial regulation of pain. Brain Behav. Immun. 21 (5),
519-521. https://doi.org/10.1016/j.bbi.2006.12.001.

Wei, F., Dubner, R., Ren, K., 1999. Nucleus reticularis gigantocellularis and nucleus
raphe magnus in the brain stem exert opposite effects on behavioral hyperalgesia
and spinal Fos protein expression after peripheral inflammation. Pain 80 (1-2),
127-141. https://doi.org/10.1016/50304-3959(98)00212-7.

Woolf, C.J., Salter, M.W., 2000. Neuronal plasticity: increasing the gain in pain. Science
288 (5472), 1765-1769. https://doi.org/10.1126/science.288.5472.1765.

Yamaguchi, C., Yamamoto, D., Fujimaru, Y., Asano, T., Takaoka, A., 2021.
Acetaminophen exerts an analgesic effect on muscular hyperalgesia in repeated cold-
stressed rats through the enhancement of the descending pain inhibitory system
involving spinal 5-HT(3) and noradrenergic a(2) receptors. Biol. Pharm. Bull. 44 (8),
1067-1074. https://doi.org/10.1248/bpb.b21-00178.

Yang, B., Ma, S., Zhang, C., Sun, J., Zhang, D., Chang, S., et al., 2021. Higenamine
attenuates neuropathic pain by inhibition of NOX2/ROS/TRP/P38 mitogen-
activated protein kinase/NF-kB signaling pathway. Front. Pharmacol. 12, 716684
https://doi.org/10.3389/fphar.2021.716684.

Yunus, M.B., 2008. Central sensitivity syndromes: a new paradigm and group nosology
for fibromyalgia and overlapping conditions, and the related issue of disease versus
illness. Semin. Arthritis Rheum. 37 (6), 339-352. https://doi.org/10.1016/j.
semarthrit.2007.09.003.

Zhou, Y.Q., Mei, W., Tian, X.B., Tian, Y.K., Liu, D.Q., Ye, D.W., 2021. The therapeutic
potential of Nrf2 inducers in chronic pain: evidence from preclinical studies.
Pharmacol. Ther. 225, 107846 https://doi.org/10.1016/j.pharmthera.2021.107846.

Zhuo, M., Gebhart, G.F., 1997. Biphasic modulation of spinal nociceptive transmission
from the medullary raphe nuclei in the rat. J. Neurophysiol. 78 (2), 746-758.
https://doi.org/10.1152/jn.1997.78.2.746.


https://doi.org/10.1038/nm.2231
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1016/j.phrs.2020.104949
https://doi.org/10.1007/164_2019_333
https://doi.org/10.1007/164_2019_333
https://doi.org/10.1111/cns.13128
https://doi.org/10.1016/j.pain.2008.04.025
https://doi.org/10.1016/j.neuron.2021.03.012
https://doi.org/10.1016/j.neuron.2021.03.012
https://doi.org/10.1002/ejp.1795
https://doi.org/10.1016/j.neuron.2009.09.033
https://doi.org/10.1016/j.pnpbp.2018.01.017
https://doi.org/10.1016/j.jpain.2016.11.005
https://doi.org/10.5152/eurasianjmed.2017.16261
https://doi.org/10.1016/j.neuron.2011.11.031
https://doi.org/10.1016/j.neuron.2011.11.031
https://doi.org/10.1016/j.jpain.2012.11.012
https://doi.org/10.1097/j.pain.0000000000001390
https://doi.org/10.1097/spc.0000000000000055
https://doi.org/10.1097/spc.0000000000000055
https://doi.org/10.1126/science.aam7671
https://doi.org/10.1126/science.aam7671
https://doi.org/10.1016/s0306-4522(00)00396-1
https://doi.org/10.1002/ejp.1768
https://doi.org/10.1523/JNEUROSCI.3792-08.2009
https://doi.org/10.1097/j.pain.0000000000001122
https://doi.org/10.1097/j.pain.0000000000001122
https://doi.org/10.1155/2021/5607898
https://doi.org/10.1155/2021/5607898
https://doi.org/10.1016/j.pneurobio.2021.102024
https://doi.org/10.1016/j.pneurobio.2021.102024
https://doi.org/10.1016/j.phrs.2020.105280
https://doi.org/10.1016/j.jpain.2016.02.006
https://doi.org/10.1016/j.jpain.2016.02.006
https://doi.org/10.1016/s0140-6736(17)32154-2
https://doi.org/10.1016/s0140-6736(17)32154-2
https://doi.org/10.1124/jpet.120.000357
https://doi.org/10.1124/jpet.120.000357
https://doi.org/10.1016/j.bbi.2006.12.001
https://doi.org/10.1016/s0304-3959(98)00212-7
https://doi.org/10.1126/science.288.5472.1765
https://doi.org/10.1248/bpb.b21-00178
https://doi.org/10.3389/fphar.2021.716684
https://doi.org/10.1016/j.semarthrit.2007.09.003
https://doi.org/10.1016/j.semarthrit.2007.09.003
https://doi.org/10.1016/j.pharmthera.2021.107846
https://doi.org/10.1152/jn.1997.78.2.746

	Research progress on the mechanism of chronic neuropathic pain
	1 Introduction
	2 Central sensitization
	3 Peripheral sensitization
	4 Neuroinflammation
	5 Dysfunction in descending nociceptive modulatory systems
	6 Oxidative stress reaction
	7 Activation of glial cells
	8 Psychosocial factors
	9 Conclusions
	Ethical statement
	Funding
	Conflicts of interest
	References


