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Neuropathic pain, defined as pain caused by a lesion or disease of the somatosensory nervous system, is characterized by dysesthesia,
hyperalgesia, and allodynia. The number of patients with this type of pain has increased rapidly in recent years. Yet, available

a known factor in the development and maintenance of neuropathic pain

world for treating diseases. We and others have

1. Introduction

The International Association for the Study of Pain (IASP)
define

- [1, 2]. This definition of neuropathic pain distin-

guishes it from other types of pain, including musculoskeletal
pain, by

According to previous studies, neuropathic pain affects
about 1 in every 10 adults and the economic burden for
treating this pain is increasing [3, 4]. Langley and colleagues
have described the importance of pain in terms of social
impact and have shown that people experiencing neuropathic
pain have an economic burden twice that of patients with

neuropathic pain medicines have undesired side effects, such as tolerance and physical dependence, and do not fully alleviate the

Additionally, neuroinflammation is
the C-C motif
Traditional plant treatments have been used throughout the

chronic nonneuropathic pain, in five countries in Western
Europe [5, 6].
There are

The first-line treatments for neu-
ropathic pain, based on efficacy and safety, include antide-
pressants (e.g., tricyclic antidepressants [TCAs], serotonin-
norepinephrine reuptake inhibitors [SNRIs]) and certain
anticonvulsants (e.g., gabapentin, pregabalin, and topical
lidocaine) [7]. Opioid analgesics have been recommended as
second-line treatments, given their safety; however, they are

sometimes used as first choice

However, these drugs are not completely effective in atten-
uating neuropathic pain, because of the complexity of this
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type of pain, and also have side effects, such as sedation,
dizziness, edema, and ataxia [8, 9]. For these reasons, there
is interest in new agents for relieving neuropathic pain.
Although the existing neuropathic pain animal model does
not fully represent the human condition, it facilitates studies
on nerve injury-induced pain and indicates neuropathic
pain mediators. Natural products have been widely used for
centuries to treat various diseases and can effectively treat
diseases, without causing side effects [10], and may present
therapeutic candidates for the development of new drugs to
alleviate neuropathic pain.

The causes of neural damage can be diverse; these include
diabetic neuropathy, human immunodeficiency virus (HIV)
neuropathy, postherpetic neuralgia, drug-induced neuropa-
thy, and traumatic nerve injury.

In particular,
it is well-known that which is a local
inflammatory reaction in the nervous system, can lead to the
development of neuropathic pain. In addition,

GPCRs regulate ligand-gated and voltage-
dependent ion channels and are activated in response to
inflammatory mediators that are released by peripheral tis-
sues and immune cells.

In this review, we summarize the processes involved in
neuropathic pain development and natural compounds that
are useful for neuropathic pain alleviation and further discuss
the

2. Mechanism of Neuropathic Pain

Generally, pain perception involves the following processes:
transduction, transmission, modulation, and perception. In

briet, nociceptors switch nosious stimulation to nociceptive

recognize pain [12]

(Figure1) [13, 14].

Moreover neuroin
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[16].

This
activation is commonly observed among various models of
neuropathic pain [17].

2.1

Growing evidence indicates that
inflammatory and immune responses contribute to neuro-
pathic pain [18]. After nerve injury, immunocompromised
mice show alleviation of neuropathic pain as compared with
normal mice, in the early stage [19]. In addition,

For instance excessive neuroinflammation, as
found in Guillain-Barré syndrome and multiple sclerosis, is
associated with neuropathic pain. In this regard,

meuropathic pain 20,21

One characteristic of neuropathic pain is infiltration of
blood leukocytes by chemokines [22]. Accumulating evi-
dence has indicated that

in neuropathic pain (23, 24]. In early life, nerve injury triggers

anti-inflammatory responses, such as expression of IL-4 and
IL-10 rather than proinflammatory mediators, supporting the

supposition that infants rarely experience neuropathic pain
[25].

[26]. Partial sciatic nerve ligation (PSNL) induces mast
cell activation and degranulation and neutrophil and
macrophage infiltration, which is reversed by treatment with
amast cell stabilizer. This suggests that

Therefore, a promising therapeutic target for managing
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FIGURE 1: Mechanisms involved in peripheral sensitization in neuropathic pain. Tissue and nerve injury lead to inflammation, including
neuroinflammation, via activation of immune cells (T cells, macrophage, mast cell, and neutrophil), by releasing diverse inflammatory
mediators, such as TNF-«, IL-1f3, IL-6, CCL2, PGE2, BK, and NGE in nearby peripheral nociceptive nerve terminal. These mediators act
on their respective receptors, including TRPV1, P2X3, cytokine receptors, and G-coupled protein receptors. The activation of these receptors
results in upregulation of Ca®" and cyclic AMP, which related to several kinase signaling pathways. Altogether, these mechanisms can lead to
neuronal excitation and microglial activation, as well as gene expression changes in sensory neurons. Overactivated microglia can also trigger

neuropathic pain via inflammatory mediator-related signaling.

neuropathic pain would be factors that mediate mast and
glia cell reactivity.
In a normal stat

[29]. Depletion of circulating neutrophils, by using
antibodies, attenuates the induction of thermal hyperalgesia
after PSNL but does not alleviate the typical hyperalgesia at
day 8 after injury, suggesting that

a chronic constriction injury (CCI) rat model, Schwann cells
release erythropoietin (EPO), while injection of EPO may
protect against neuropathic pain [34, 35]. CCI induces T
cell infiltration, as well as mechanical allodynia and thermal
hyperalgesia. These neuropathic pain symptoms are signifi-
cantly reduced in rats lacking mature T cells, indicating that T

Injection
of these two types has opposite effects: Thl cell injection
enhances neuropathic pain symptoms, while Th2 injection
reduces pain hypersensitivity [36].

A wide variety of experimental approaches have indicated
that inflammatory mediators play crucial roles in neuropathic

these studies indicate that several immune cell types and their
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mediators are implicated in the development of neuropathic
pain [18].

In a neuropathic pain model, IL-13 expression is
upregulated in the injured sciatic nerve, DRG, and spinal cord
[39-41]. Interestingly, the injection of an IL-13-neutralizing
antibody was shown to alleviate the behavior related to
neuropathic pain [40].

and this phenomenon was confirmed by specific
inhibitor treatment [43, 44]. Xu and colleagues have sug-
gested that TNF-a« may be a biomarker for chronic neuro-
pathic pain in patients with spinal cord injury (SCI) [45].
Furthermore

In a model involving partial ligation of
the sciatic nerve, IL-6 expression was increased [46].

[42]. Additionally, NGF-overexpressing
mice showed hypersensitivity [47]. Moreover,

2.2, Nerve injury
increases expression of sodium channels in the DRG and
around the terminal injury site of injured axons. Navl.7 and
Navl.8 double-knockout mice normally develop neuropathic
pain in PSNL animal model [49]. Navl.7 is not required
for oxaliplatin-induced neuropathic pain but is essential
in CCI mice, suggesting that the neuropathic pain trigger
affects the mechanism by which pain develops [50]. In
addition, knockdown of Nav1.8 by means of siRNA alleviates
mechanical allodynia in CCI rats [51].

[56, 57]. Mice lacking the N-type channel show
reduced responses to mechanical and thermal stimuli in
neuropathic pain models [58].

BioMed Research International

including Phase 3 studies in postherpetic neuralgia patients
[60]. It has been reported that antagonists that block TRPV1
signal transduction can reverse heat-related hyperalgesia in
sciatic nerve ligation in mice [61]. After chronic compression
of the DRG, mechanical allodynia was enhanced by injection
of a TRPV4 agonist but reversed by its antagonist [62].

in animal models but have many
side effects, including sedation, confusion, and motor inco-
ordination [63].

2.3.

(68, 69].

2.3.2. Bradykinin Receptors. Bradykinin (BK), an inflam-
matory mediator, is a vasodilator and is known to induce
neuropathic pain by binding to the BK1 and BK2 receptor.
Several studies have shown the participation of kinins and
their receptors in neuropathic pain development [90]. Nerve
injury induces an increase in BKI receptor mRNA in the
spinal cord and sciatic nerve and also produces mechanical
allodynia and hyperalgesia. The BKl-knockout mice show
reduction in both allodynia and hyperalgesia in a neuropathic
pain animal model. Inhibition of BKl and BK2 reverses
the effect of dynorphin A, an endogenous opioid peptide,
inducing persistent neuropathic pain [91].

2.3.3 Most opioids are used as second- or
third-line analgesics that may provide reasonable analgesia
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to some neuropathic pain [92]

—

2.3.4. Histamine Receptors. Histamine is an organic nitroge-
nous compound involved in local immune responses as well
as in regulating physiological function. As mentioned above,
Navl.8 upregulation in primary afferents plays a critical role
in the development and persistence of neuropathic pain,
although the mechanisms underlying this upregulation are
not fully understood. Histamine increases Nav1.8 expression
in primary afferent neurons [99], while histamine receptor
antagonists suppress mechanical allodynia in neuropathic
rats [27].

BDNF in DRG neurons, leading o neuropathic pain (100].

-

RS504393 decreased lipopolysaccharide-

evoked upregulation of the CCL2 and CCR2 expression and
protein level in primary microglial cell cultures [103]. Mice
lacking CCR2 showed substantially less hypersensitivity to
mechanical stimulation after nerve injury but showed a nor-

Natural products and compounds derived from them have
shown analgesic effects in neuropathic pain models, by
various modes of action (Table 1).

3.1. Food-Derived Compounds against Neuropathic Pain. A
number of studies have indicated that neuroinflammation
plays an important role in the induction and maintenance
of chronic pain. Considering this importance, decreasing
neuroinflammation through regulation of anti-inflammatory
and inflammatory mediators is promising for treating neu-
ropathic pain

nerve-injured rats [71].

an endogenous fatty acid
amide, has been shown to perform various biological func-
tions related to chronic and neuropathic pain and inflam-
mation in clinical trials. PEA is an endogenous modulator
found in food, such as eggs and milk, and no serious side
effects to this treatment have been reported. PEA treatment
was shown to relieve both thermal hyperalgesia and mechan-
ical allodynia by regulating cannabinoid receptor 1 (CBl),
peroxisome proliferator-activated receptor y (PPARy), and
TRPVI receptors in neuropathic pain model mice [82]. In
clinical studies, PEA was shown to alleviate neuropathic pain
regardless of age, sex, and the pain trigger [106].
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TaBLE 1: Food-derived compounds alleviating neuropathic pain in vivo.

Food compound Source Target Site Animal model Reference
Berberine Berberis vulgaris NF-xB PNS CCI [70]
Capsaicin Hot chili peppers TRPV1 PNS CCI [71]
B-Caryophyllene Origanum vulgare L. CB2 Spinal cord PNL [72]
Chlorogenic acid Ilex paraguariensis, coffee GABA receptor, NPY spinal cord, DRG SNI, CCI [73, 74]
Curcumin Curcuma longa DR, CREB, phospholipase C cerebral cortex and cerebellum Diabetic model [75]
DHCB Corydalis ambigua var. amurensis DR Brain SNL [76]
Genistein Soy ERp, NOS, NF-xB sciatic nerve, DRG, spinal cord, thalamus CCI [77]
Huperzine A Huperzia serrata mAChRs PNS CPN (78]
Lycopene Tomato Cx43 spinal astrocytes PNL [79]
Naringin Grape inflammatory mediators, apoptosis neural cell Diabetic model [80]
Omega-3 Fish oil p38 MAPK Spinal cord SCI [81]
PEA Eggs and milk CBI, TRPV], PPARY receptors Spinal cord CCI [82]
Phlorotannins Sea weed Inflammatory mediators DRG SNI [83]
Quercetin Red kidney beans, capers OPR PNS, CNS Diabetic model, CCI (84, 85]
Resolvin E1 Omega-3 polyunsaturated fatty acid Microgliosis, TNF-a microglia SNL [86]
Resveratrol Grapes, nuts, berries SIRT1 Spinal cord CCI (87, 88]
Zerumbone Zingiber zerumbet TRPV1, TRPA1 DRG CCI [89]

DHCB: dehydrocorybulbine, PEA: palmitoylethanolamide, NF-xB: nuclear factor kappa-light-chain-enhancer of activated B cells, TRPV1: transient receptor potential vanilloid 1, CB2: cannabinoid receptor type
2, GABA: gamma-aminobutyric acid, NPY: Neuropeptide Y, DR: dopamine receptor, CREB: cAMP response element-binding protein, ERf: estrogen receptors, NOS: nitric oxide synthase, mAChRs: muscarinic
acetylcholine receptors, cx43: connexin 43, p38 MAPK: p38 mitogen-activated protein kinases, PPARy: peroxisome proliferator-activated receptor, OPR: opioid receptor, TNF-a: tumor necrosis factor-e, SIRT1:
Sirtuin 1, TRPAL: transient receptor potential ankyrin 1, PNS: peripheral nervous system, DRG: dorsal root ganglion, CNS: central nervous system, CCI: chronic constriction injury, PNL: partial nerve ligation, SNI:

spared nerve injury, SNL: spinal nerve ligation, and CPN: Common Peroneal Nerve.

[BUOTIBULINU] [DILISNY PIINOIY
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Recently, natural products and their constitutive compounds
have come to be considered as a new direction for devel-
opment of analgesics and functional foods to resolve pain
and pain-related problems

Ithough toxicological and pharmacological
investigations are needed to clarify the distinctive mechanism
of action and evaluate their safety in humans, natural prod-
ucts and their compounds may be useful in the treatment of
neuropathic pain.
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