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Abstract: Chronic pain is defined as any consistent pain lasting more than
12 weeks; chronic pain afflicts 25% of the world’s population. The most common
form of chronic pain is chronic neuropathic pain, which affects around 8% of the
general population and is defined as pain that is initiated or caused by a primary
lesion or dysfunction of the nervous system. Neuropathic pain is commonly
associated with a variety of neurodegenerative, metabolic, and autoimmune
diseases. In multiple sclerosis (MS), chronic neuropathic pain is one of the most
frequent symptoms that dramatically reduces the quality of life of MS patients.
Current treatment strategies include antidepressants, anticonvulsants, and
cannabinoid drugs. However, the efficacy of these drugs varies between patients.
Besides providing only insufficient relief of pain, these drugs also lead to severe
side effects. Therefore, there is an unmet medical need to identify novel drug
targets, which may lead to the development of novel therapeutics with enhanced
tolerability profiles and efficacy for the management of MS-associated chronic
neuropathic pain.
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| Introduction

Pain is an unpleasant sensation that is often provoked by a noxious stimulus
and can result in tissue damage. However, it also encourages a person to with-
draw from damaging situations or to protect an injured body part while it heals
and is therefore an essential component of the protective response of the human
body. Pain is often a transient sensation that lasts until the noxious pain stimu-
lus is detracted or the underlying damage or pathology has healed, but some
forms of pain may become chronic lasting over months or years, even after
the initial injury has healed. Different forms of pain can be classified by their
underlying mechanism (1). Nociceptive pain is caused by a noxious stimulus,
resulting in damage to body tissue and is usually described as a sharp, aching,
or throbbing pain. Inflammatory pain occurs in response to the release of
inflammatory mediators from injured tissue, for example, during autoimmune
diseases such as arthritis or inflammatory bowel disease. The most common
form of chronic pain is chronic neuropathic pain, which is defined as a chronic
pain condition that is caused by a lesion or disease of the somatosensory ner-
vous system that is not mediated via a noxious stimulus (2). Chronic neuro-
pathic pain is frequently present in a large number of medical conditions and
can result from a variety of injuries to the peripheral nervous system (PNS) or
the central nervous system (CNS). Furthermore, chronic neuropathic pain may
result as a consequence of a variety of conditions such as cancer, metabolic dis-
eases, autoimmune disorders, and neurodegenerative diseases, including
multiple sclerosis (MS). Often, patients with chronic neuropathic pain are more
susceptible to pain and experience severe pain. These symptoms are termed
“hyperalgesia,” which is defined as an increased sensitivity to pain, and
“allodynia,” a condition wherein typically nonpainful stimuli lead to pain-
sensation (3). Importantly, neuropathic pain is not only mediated by a sensory
component but also comprises perception, cognition, and higher brain center
processing, making it a dynamic multidimensional experience (4).

I Neuropathic Pain

ETIOLOGY AND EPIDEMIOLOGY

Chronic pain has been defined as a pain lasting more than 12 weeks, and as irregu-
lar somatosensory processing in the PNS or CNS that is sustained beyond the
normally expected time course relative to the stimulus (4). Due to its high preva-
lence, chronic pain is currently the most common human health problem, affect-
ing more than 25% of the world’s population, and is rising in incidence as the
population ages (5). Chronic neuropathic pain affects around 8% of the general
population (6) and is caused by many disparate sources such as cancer, autoimmune



Murphy KL et al.

TABLE 1 Overview of disease-associated chronic
neuropathic pain

Disease Prevalence of pain Pain symptoms

Multiple sclerosis 50-86% (8, 9) Extremity pain, trigeminal neuralgia,

back pain, headaches

Parkinson’s disease ~ 40-60% (10, 11) Musculoskeletal pain, dystonia, central
neuropathic pain

Alzheimers disease  ~57% (12) Musculoskeletal pain
Diabetes 64% (13) Painful neuropathy, mixed pain
symptoms
Cancer ~78% (direct tumor involvement) (14)  Plexopathies,
~90% of chemotherapy patients (15) Painful cranial neuralgias, sensory
neuropathy

and metabolic diseases, and CNS injuries and neurodegenerative diseases (7), with
prevalence ranging from 40 to 90% depending on the disease (8) (Table 1). Chronic
neuropathic pain negatively affects a person’s level of functioning and quality of life.
Its resistance to available pain therapies means there is an unmet medical need for
the development of more efficacious therapeutics for chronic neuropathic pain.

DIAGNOSIS

Physicians typically assess a patient’s pain through medical history and conduct a
physical exam, but beyond that tests are subjective (16). Historically, neuropathic
pain has often been disregarded by physicians, and patients have been labeled as
hypersensitive. However, recent research has shown that neuropathic pain can be
the underlying cause of a variety of secondary symptoms that severely affect the
quality of life of patients (4, 8). There is still a need for greater standardization by
which physicians can diagnose neuropathic pain, but newly proposed screening
questionnaires and diagnostic procedures such as quantitative sensory testing, pain-
related evoked potentials, and skin biopsy have advanced the mechanistic approach
to pain management, leading to the development of the so-called sensory profiles
(17). Physical and neurological examinations are typically done to assess neuro-
pathic pain, but there are no defined diagnostic guidelines that are universally used
among physicians. Only recently, updated criteria were developed by which physi-
cians can more effectively and universally diagnose neuropathic pain (18). These
criteria are based on a three-level grading system. For the first level of assessing
possible neuropathic pain, patients need to show a history of relevant neurological
lesion or disease, and the pain distribution reported by the patient needs to be con-
sistent with the suspected lesion or disease. The second level of certainty to diag-
nose possible neuropathic pain involves a physical examination of sensory function
to ensure that pain is associated with sensory signs in the same neuroanatomically
plausible distribution. The third level of certainty to establish definite neuropathic
pain requires the use of diagnostic tests to confirm the disease or lesion of the
somatosensory nervous system that explains the pain (18).
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SYMPTOMS

Individuals that suffer from neuropathic pain exhibit stimulus-independent per-
sistent pain that is characterized by abnormal sensations or hypersensitivity in
the affected area and often is combined with, or is next to, areas of sensory deficits
(19, 20). Patients often describe the pain as a burning and/or stabbing sensa-
tion (21). Neuropathic pain symptoms include tactile or thermal hypoesthesia
(reduced sensation to nonpainful stimuli), hypoalgesia (reduced sensation to
painful stimuli), loss of sensation, paraesthesia (abnormal sensations such as
skin crawling or tingling), paroxysmal pain (e.g., shooting, electric shock-like
sensations), spontaneous ongoing pain (not induced by stimulus like, for example,
burning sensation), and evoked pain (i.e., stimulus-induced pain), the last of
which includes hyperalgesia (increased sensitivity to painful stimuli) and allo-
dynia (perception of innocuous/nonpainful stimuli as painful) (19, 20). In addi-
tion to sensations of pain, abnormal sensations have also been reported such as
crawling, numbness, itching, and tingling (22). Furthermore, pain can be trig-
gered by typically nonpainful stimuli such as being lightly touched and hot or
cold temperatures (22). Secondary symptoms that commonly accompany neuro-
pathic pain include depression, sleep disturbance, fatigue, and decreased physical
and mental functioning (23, 24).

GENDER DIFFERENCES

Interestingly, women are affected more often by chronic pain than men (25).
Certain chronic pain syndromes occur only in women, for example, endometriosis-
related pain, vulvodynia, and menstrual pain (5). Furthermore, several chronic
pain syndromes such as chronic fatigue syndrome, fibromyalgia, interstitial cysti-
tis, temporomandibular disorder, headache, migraine, lower back pain and knee
pain (mostly osteoarthritis) are more common in women (5). Similarly, chronic
neuropathic pain is also more prevalent in females (26, 27), indicating that women
are at a greater risk of developing neuropathic pain than men (8). The predomi-
nance of females with chronic pain might depend on several indications (5). First,
women seek health care services more often than men for both painful and
nonpainful disorders, and might be more willing to report pain than men, leading
to a higher percentage of women represented in epidemiological studies (28). In
addition, multiple reports suggest that pain levels within chronic pain conditions
are increased in women compared to men (5). Altogether, these data suggest that
women might be more susceptible to chronic pain, and/or have a lower pain toler-
ance, compared to men. Women may have an increased risk of developing condi-
tions that feature pain as a syndrome, ultimately leading to higher percentages of
women crossing the threshold at which the pain experienced rises to the level of
a diagnosed “pain syndrome” (5).

AFFECTIVE DISORDER—DEPRESSION

Depression, one of the most common psychiatric disorders, is a mood disorder
that causes a persistent feeling of sadness and loss of interest, along with at least
four of the following symptoms for a duration of no less than 2 weeks: appetite/
weight disturbance, sleep disturbance, psychomotor change, loss of energy,
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worthlessness/guilt, concentration difficulties/indecisiveness, and/or thoughts of
death or suicide (4, 29). Depression is a common comorbid psychiatric diagnosis
encountered in patients diagnosed with chronic neuropathic pain and affects the
majority (57%) of chronic neuropathic pain patients, thereby intensifying
the patient’s disability and impairment as well as the challenge of successful treat-
ment (4). In the general population, depression ranges from 4 to 8% (4). In con-
trast, patients diagnosed with chronic pain have a two to five times increased risk
of developing depression compared to the general population (30, 31). However,
since pain and depression are often comorbid, the assessment of depression in the
presence of pain is complicated due to shared features between the two syn-
dromes, such as fatigue and sleep disturbance (32).

| Multiple Sclerosis—Induced Neuropathic Pain

PATHOPHYSIOLOGY OF MS-ASSOCIATED PAIN

MS is a chronic inflammatory demyelinating disease of the CNS that leads to
motor, sensory, and cognitive impairment, and is characterized by demyelinated
lesions within the CNS (33). Chronic pain is one of the most frequent MS-associated
symptoms that dramatically reduces the quality of life of MS patients and treat-
ment options for chronic neuropathic pain are very limited and often not very
effective (20, 34, 35). Estimates on the prevalence of pain in MS vary considerably
depending on the population of patients sampled, the definition of MS-associated
pain used, and the survey methods employed. Pain prevalence in MS ranges from
25-90% (8, 36, 37), depending upon the assessment protocols used and the defi-
nition of pain being applied (34). MS-induced chronic neuropathic pain is typi-
cally associated with significant MS-related disability and depression (38) and
pain syndromes can be divided into primary pain caused directly by demyelin-
ation, neuroinflammation, and/or axonal damage in the CNS from disease, or into
secondary pain due to an indirect consequence of the CNS lesion (8, 39).
Interestingly, recent imaging studies showed that demyelinating lesions are most
commonly reported in the brainstem and less commonly in the spinal cord.
Further, most studies reported associations between the localization of lesions and
pain (40). The clinical presentation of MS-associated pain can be categorized as
stimulus-independent or dependent (41, 42). Whereas stimulus-independent
pain includes persistent or paroxysmal pain, evoked pain is characterized by
hyperalgesia and allodynia (41, 42).

MS patients can suffer from nociceptive pain, such as pain resulting from mus-
culoskeletal problems, neuropathic pain, or a mixed nociceptive/neuropathic pain
(e.g., tonic painful spasms or spasticity) (17). Chronic neuropathic pain is more
persistent in nature and is one of the most commonly distressing symptoms expe-
rienced by patients even in the early stages of the disease (8, 43). MS patients can
experience a wide range of neuropathic pain symptoms (Table 2). The most com-
mon MS-associated chronic neuropathic pain conditions are ongoing dysaesthetic
pain in the lower extremities, paroxysmal pain, which can be divided into
Lhermitte’s phenomenon and trigeminal neuralgia, as well as thermal and mechan-
ical sensory abnormalities (8, 17, 34). Other forms of neurogenic pain, including
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TABLE 2 Overview of chronic neuropathic pain conditions
in MS
Type of pain Description Prevalence
Dysaesthetic extremity Burning, tingling, or aching predominately ~ 12-28%
pain in lower extremities (life-time prevalence)
Paroxysmal pain Lhermitte’s phenomenon—shock-like Lhermitte’s phenomenon:
sensation traveling from the back 9-41%
toward the lower limbs
Trigeminal neuralgia—sudden, severe, Trigeminal neuralgia:
brief stabbing reoccurring episodes of 2-6.3%

pain in one or more branches of the
trigeminal nerve

Migraine Long-lasting headaches, possibly due to 34%
brain lesions

Spasticity pain Excessive muscular work and mechanical ~ <50%
muscle pain

Painful tonic spasms Spasmodic muscle contractions, ischemic 6-11%
muscle pain

migraine with or without aura and tension-type headache, seem to be more preva-
lent in MS patients than in the general population (44). Dysaesthetic extremity
pain is often characterized as a continuous burning, tingling, or aching dysaesthe-
sia, predominantly in the legs and feet that is often worse at night and can be
exacerbated by physical activity (8, 34, 39). In patients with MS, dysaesthetic
extremity pain is the most commonly reported type of neuropathic pain, having a
prevalence of 12-28% (45, 40). Interestingly, MS patients with primary progres-
sive or progressive-relapsing MS are more likely to suffer from dysaesthetic pain
than patients with the relapsing-remitting disease form (45). Chermitte’s phenom-
enon is described as a transient, short-lasting paroxysmal electrical sensation that
originates in the neck and spreads down to the lower limbs and is usually related
to neck movement. Although this phenomenon is not exclusive to MS, it is fre-
quently reported by patients with MS (45), with a prevalence ranging from 9 to
41% depending on the parameters of the study (47, 48). In most patients, the
symptoms resolve within 4 to 6 weeks; however, they may recur occasionally,
especially during MS exacerbations (48).

Trigeminal neuralgia (TN) is characterized by sudden, usually unilateral
paroxysmal attacks of electric shock-like episodes of pain in specific facial or
intraoral areas that affect one or more branches of the trigeminal nerve (49).
The prevalence of trigeminal neuralgia in patients with MS ranges from 1 to
6.3%, corresponding roughly to 20 times the prevalence in the general popu-
lation (8, 41, 50). Importantly, the incidence of MS-associated chronic pain
is not correlated with disease severity (36). Further, several studies suggest
that pain prevalence and severity are not strongly correlated with age,
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physical functioning, disease duration, or disease course (36). However, pain
prevalence and severity of MS were found to strongly correlate with reduced
social functioning and mental health, and pain severity was found to be sig-
nificantly related to anxiety and depression, predominantly in women (36).
Interestingly, the pathophysiology of trigeminal neuralgia (TN) in MS patients
differs from TN in the general population and specifically involves CNS
demyelination (51). Recent analyses revealed unique, focal diffusivity changes
along the fifth cranial nerve in MS TN patients compared to TN patients or
healthy controls. These MS patient-specific diffusivity changes are likely due
to MS plaques at the regions proximal to the main sensory nucleus (52).

SEX DIFFERENCES IN MULTIPLE SCLEROSIS AND ASSOCIATED PAIN

Females are more often affected with MS than men, a phenomenon shared with
several other autoimmune diseases. The prevalence and incidence of MS is two-
to-three fold higher in females, compared with males (33). Similar sex differences
were found for MS-associated pain. Whereas female MS patients experienced
more severe pain than females in the general population, no difference in pain
severity was found between male MS patients and men in the general popula-
tion (36). Another study also suggested a sex difference in pain prevalence among
MS patients, showing a higher female-to-male ratio among MS patients with pain
compared to MS patients without pain (53). In contrast, some newer studies did
not detect sex differences for pain prevalence in MS (54, 55). Altogether, there is
evidence for sex differences in MS-associated pain; however, this has not been
sufficiently addressed compared to the general sex differences on pain and, there-
fore, gender-dependent pain prevalence is still controversially discussed.

Pathophysiological Insights from Experimental Autoimmune
Encephalomyelitis Models

In contrast to the wealth of research on the pathophysiology of neuropathic pain
induced by peripheral nerve injury, only a limited amount of research on the
pathophysiology of central or MS-associated neuropathic pain is available. In the
field of MS, the majority of research on pain makes use of the rodent models of
experimental autoimmune encephalomyelitis (EAE). EAE animals share many
features observed in MS patients, such as pattern of the clinical disease course,
histopathological CNS lesions characterized by perivascular cuffs with mononu-
clear cell infiltration, gliosis, demyelination and axonal damage (56). Furthermore,
EAE animals mirror a lot of the pain reactions occurring in humans (34) and
similar to clinical administration, pain-like behaviors in EAE mice can be amelio-
rated by anticonvulsant and antidepressant drugs (34, 57).

NEURODEGENERATION AND DEMYELINATION

Neurodegeneration and demyelination are common hallmarks of both MS and
EAE (58) and lead to distinct mechanisms that may cause central neuropathic pain.
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A recent report shows that genetic ablation of oligodendrocytes rapidly triggers a
pattern of sensory changes that lead to a nociceptive hypersensitivity phenotype
that closely resembles central neuropathic pain. Interestingly, this occurred at a
time point that preceded apparent demyelination and ataxia and coincided with
early axonal pathology in the spinothalamic tract (59). This is in line with data
showing that pain-like behaviors occur prior to infiltration of immune cells into the
CNS and prior to the development of clinical motor signs in EAE rodents and
human patients (57). Mechanistically, oligodendrocyte loss—dependent hyperalge-
sia and allodynia were not causally associated with microglial reaction or T-cell
contributions, demonstrating that central neuropathic pain can be caused by oligo-
dendrocyte death and axonal pathology in the absence of an innate or adaptive
immune response (59).

INFLAMMATION AND REACTIVE GLIOSIS

Inflammatory cells and immune-like glial cells are important mediators of central
sensitization and contribute to neuropathic pain symptoms (60). Interestingly,
typical cellular substrates associated with pain processing and peripheral neuro-
pathic pain, such as altered expression of sensory neuropeptides, do not appear to
underlie changes in sensory function in EAE mice (57). In contrast, EAE mice
showed a significant influx of T-cells and increased astrocyte and microglia/mac-
rophage reactivity in the superficial dorsal horn of the spinal cord, an area associ-
ated with pain processing (57), suggesting that inflammation and reactive gliosis
may be key mediators of allodynia in EAE animals. Indeed, activated glial cells can
release pro-inflammatory cytokines, glutamate, and nitric oxide during reactive
gliosis and may amplify neuronal hyperexcitability, leading to the development of
neuropathic pain (60). In addition, pro-inflammatory cytokines were shown to
play a pathogenic role in the development of neuropathic pain (61). Moreover,
reactive gliosis and a significant increase in the expression of the inflammatory
cytokines in the dorsal root ganglia of EAE animals correlates with the onset of
neuropathic pain behaviors in EAE rodents (57). In line with the important role
of inflammation for pain development, gene therapy with anti-inflammatory
IL-10 in EAE animals improved motor and sensory function, prevented allodynia,
and reduced glial activation in the lumbar spinal cord (62).

| Pharmacological Management of Neuropathic Pain

MANAGEMENT OF MULTIPLE SCLEROSIS-RELATED
NEUROPATHIC PAIN

Although some pain relief can be afforded by conventional pain medications, no
current therapy provides more than 50% pain relief in the clinic and large ran-
domized and controlled clinical trials for MS-associated chronic neuropathic pain
are lacking (34). Therefore, management recommendations for neuropathic
pain in MS (Figure 1) tend to be generally guided by findings in other diseases,
for example, spinal cord injury—induced chronic neuropathic pain or peripheral
neuropathic pain syndrome (45). Since the primary affected brain regions and
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Figure 1 Disruption of MS pain signals by different treatments. Signals in the CNS (brain and
spinal cord) and the PNS contribute to the development of neuropathic pain. Different
therapies interfere with pain signals (black) and can lead to the alleviation of neuropathic
pain. Antidepressants (TCAs, SNRIs, and SSRIs) inhibit the reuptake of serotonin alone or
serotonin and norepinephrine, the key neurotransmitters that are hypothesized to be
involved in the modulation of neuropathic pain. Natural and synthetic cannabinoid drugs
prevent the excessive release of neurotransmitters in the CNS. Anticonvulsants and
NMDAR antagonists block excessive neuronal excitation that may lead to excitatory cell
death. Spinal cord stimulation blocks hyperexcitability of neurons in the spinal cord and
prevents transmission of pain signals from the spinal cord to the brain. Recently, anti-
inflammatory drugs were investigated that block inflammatory signaling associated with
development of chronic pain.

neuromodulators are shared between chronic pain and depression, the same
drugs often are used for both disorders (4). Temporary pain relief is often achieved
through antidepressants and anticonvulsants. However, all these therapies have
long-term complications and only a short-term efficacy that leaves patients with
untreated and constant pain (4). Furthermore, in general chronic pain and in
MS-associated chronic neuropathic pain in particular, the conventional analgesics
only insufficiently relieve or do not relieve pain at all (8, 46). Adjuvant drugs such
as the tricyclic antidepressants (TCAs), serotonin/norepinephrine reuptake inhib-
itors (SSRIs), and some anticonvulsants, for example, gabapentin or topical lido-
caine are utilized as first-line drug therapy for alleviation of MS-associated
neuropathic pain (34, 37, 46). Opioid analgesics (e.g., morphine, oxycodone,
methadone, and fentanyl) and tramadol (alone or in combination with a first-
line agent) are generally regarded as second-line treatments (34, 63, 64). Third-
line agents that may be used as second-line treatments in some circumstances
include other antiepileptic drugs (e.g., carbamazepine, lamotrigine, oxcarbaze-
pine, topiramate, and valproic acid), mexiletine (orally active lignocaine ana-
logue), and topical capsaicin (34, 63, 64).

ANTIDEPRESSANTS

Often antidepressants are used to treat pain; however, they differ in their efficacy.
TCAs are the most studied and clinically used antidepressants for the treatment of
neuropathic pain (65). They can be divided into two major groups: tertiary amines,
for example, doxepin, imipramine, and amitriptyline, and secondary amines, for
example, nortriptyline and desipramine (66). TCAs inhibit the reuptake of serotonin
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and norepinephrine, the key neurotransmitters that are hypothesized to be involved
in the modulation of neuropathic pain at the synapse, and block alpha adrenergic,
serotonergic, histaminic, and muscarinic receptors at the synapse (32, 66). Their
activity differs according to their chemical structure, whereas the tertiary amines
raise serotonin levels to a greater degree than norepinephrine, the secondary amines
have more pronounced effects on norepinephrine (32, 66). Interestingly, the thera-
peutic effects on pain seem to be independent of the antidepressant effects of these
drugs and may be achieved at lower doses compared to clinically effective doses used
to treat depression (32, 66). Despite the efficacy of TCAs in pain treatment, their use
is limited due to pronounced side effects (e.g., weight gain, anticholinergic effects,
orthostatic hypotension, and cardiovascular effects) and a high risk of overdosing,
potentially leading to the death of patients (32, 66).

Next-generation drugs include SSRIs that exert their therapeutic efficacy
mainly by the inhibition of the reuptake of serotonin (32). However, the use of
SSRIs for the treatment of neuropathic pain seems to be less effective than other
antidepressants and the number of clinical studies is limited (67). Paroxetine
and citalopram, for example, showed just a modest activity for pain manage-
ment, whereas fluoxetine had no therapeutic activity on pain at all (65). This
leads to the assumption that noradrenaline reuptake inhibition is the major
underlying mechanism of the analgesic efficacy of TCAs. Positively, the side
effects of SSRIs are generally mild, for example, increased risk of weight gain or
sexual dysfunction (32).

A therapeutic that inhibits both serotonin and norepinephrine reuptake
(SNRI) is venlafaxine. Interestingly, low doses mainly impact serotonin and high
doses mainly affect norepinephrine (32). Case reports and empirical studies indi-
cate that venlafaxine can be clinically used to treat neuropathic pain, and its effi-
cacy is comparable to TCAs (65). In general, venlafaxine use may lead to increased
blood pressure and has a discontinuation syndrome with abrupt cessation.
However, in general, it leads to less severe side effects, and its use is safer com-
pared with TCAs (32). Duloxetine, the only antidepressant approved by the US
Food and Drug Administration for the treatment of neuropathic pain, inhibits
both SNRI and may cause side effects such as nausea, somnolence, dizziness, and
fatigue (32). Interestingly, a randomized double-blind, placebo-controlled clinical
trial of duloxetine, in patients with spinal cord injury—induced chronic neuro-
pathic pain, showed that although duloxetine significantly improved allodynia
relative to placebo, pain intensity was not significantly reduced compared with
placebo (68). Therefore, the efficacy for the relief of MS-associated chronic neu-
ropathic pain is still unclear.

ANTICONVULSANTS

Anticonvulsants or antiepileptic drugs normally suppress the rapid and exces-
sive excitation of neurons during seizures. The efficacy of anticonvulsants, for
example, lamotrigine, levetiracetam, topiramate, and gabapentin for
MS-associated chronic neuropathic pain relief has been investigated in small
clinical trials (69, 70). However, each of these studies showed that the anticon-
vulsants either led to an incomplete pain relief or that the drug had a limited
tolerance and had to be discontinued due to intolerable adverse effects (34).
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Carbamazepine is the most effective first-line treatment for MS-associated
trigeminal neuralgia. However, due to its poor tolerance, with side effects
including leg muscle weakness and micturition problems that can mimic MS
relapses, treatment often has to be discontinued (34, 37, 71). Oxcarbazepine,
the keto derivative of carbamazepine, has a similar therapeutic efficacy like car-
bamazepine for treatment of trigeminal neuralgia but shows an improved toler-
ance compared to carbamazepine (72). In addition, anticonvulsants are often
recommended to treat relentless pain due to LChermitte’s phenomenon (46).
However, neither drug effectively relieved persistent painful symptoms associ-
ated with MS (73).

CANNABINOID DRUGS

Natural or synthetic cannabinoid drugs, which inhibit the function of the endo-
cannabinoid system involved in pain sensation, and alter neurotransmitter
release in the CNS (74), demonstrated therapeutic efficacy in relieving
MS-associated chronic neuropathic pain. However, several treatment-related
side effects were observed, such as dizziness, dry mouth, headache, tiredness or
muscle weakness (75). In addition, probable cannabis misuse and the risks of
developing acute psychosis have sidelined these drugs to second-line or third-
line medications to treat MS-associated chronic neuropathic pain (63).

NEUROSTIMULATION

A notable number of patients do not achieve sufficient pain relief with classical
pharmacological medication alone. However, neurostimulation techniques,
such as transcutaneous electrical nerve stimulation (TENS), peripheral nerve
stimulation, nerve root stimulation (NRS), spinal cord stimulation (SCS), deep
brain stimulation (DBS), epidural motor cortex stimulation (MCS), and repeti-
tive transcranial magnetic stimulation (rTMS) show promise in treating chronic
neuropathic pain (76). In particular, a recent case report and literature search
showed that SCS, a stimulation method that directs mild electrical pulses to the
spinal cord, and thereby inhibits pain transition from the spinal cord to the
brain, was successfully used to alleviate MS-associated neuropathic pain (77).
The exact mechanisms of SCS are not completely understood yet, but attenu-
ated neuronal hyperexcitability was shown to contribute to its therapeutic
effect (78).

CURRENT AND FUTURE DEVELOPMENTS

Next to conventional pain therapies using antidepressants and anticonvulsants,
novel therapeutic approaches are currently being developed. Since MS is an
inflammatory disease, most drugs used to treat MS-related motor symptoms tar-
get the inflammatory process. Interestingly, current research also identified the
peripheral immune system as a relevant target for therapeutic intervention for
pain. An important protein of peripheral inflammation is the mammalian target
of rapamycin (mTOR), which has been implicated in behavioral hypersensitivity
associated with neuropathy and pain (79). Administration of rapamycin, an
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inhibitor of mTOR, not only reversed clinical signs of EAE motor disease but
also ameliorated pain in EAE animals (80). Most likely, the therapeutic effect of
rapamycin in EAE is dependent on its immunosuppressive activity involving
inhibition of effector T-cells, expansion of regulatory T-cells, and inhibition of
glial cell activation (80, 81) — all processes shown to contribute to the pathol-
ogy of MS-associated chronic neuropathic pain. In line with this, anti-inflamma-
tory cytokine gene therapy reduced EAE disease course and prevented mechanical
allodynia (62). In addition, fingolimod, an immune suppressive drug that
reduces MS relapse rates and lesion frequency (82), has been shown to promote
pain alleviation in animals with peripheral nerve injury—mediated pain condi-
tions (83).

Next to immunosuppressive therapies, glutamate receptors are promising
targets for MS pain therapy. The N-methyl-D-Aspartate (NMDA) receptor has
been proposed as a primary target for the treatment of neuropathic pain, and sev-
eral clinical trials show beneficial effects of NMDA receptor antagonists on pain
relief (84). Glutamate homeostasis is altered in MS patients, with higher levels of
glutamate or altered glutamate uptake in the CNS of MS patients (85, 86). These
excessive glutamate concentrations can allow prolongation of calcium-permeable
ionotropic glutamate receptor activation on neural and glial cells, ultimately lead-
ing to excitotoxic CNS tissue damage (87). Similarly, dysregulation of the gluta-
matergic system, caused by reduced glutamate transporter expression in spinal
cords, has been implicated in abnormal pain sensitivity in EAE mice (88).
Furthermore, administration of drugs that promote glutamate transporter activity
has not only been shown to limit and improve clinical motor symptoms but also
to significantly alleviate pain and normalize performance in cognitive assays in
EAE rodents (88).

| Conclusion

Patients with MS develop, among other ailments, chronic neuropathic pain.
Unfortunately, there is a lack of adequate controlled trials in MS patients to assess
the efficacy of established pain-relieving agents. Hence, treatment recommenda-
tions for MS-related pain largely rely on experience from other diseases with asso-
ciated neuropathic pain. Currently, the number of medications for the treatment
of MS-mediated chronic neuropathic pain is limited, and their use is often associ-
ated with severe adverse evets. Therefore, there is an urgent medical need to iden-
tify novel drug targets which may lead to the development of therapeutics with
improved tolerability, low toxicity, and enhanced efficacy for the management
of MS-associated chronic neuropathic pain. Some promising targets are mTOR,
glutamate receptors and NMDAR (N-methyl-D-Aspartate receptor).
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