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Abstract

Background Neuropathic pain (NP) is a chronic and disabling condition, caused by a lesion or disease of the soma-
tosensory nervous system, characterized by a systemic inflammatory state. Signs and associated symptoms are rarely
recognized, and response to usual analgesic drugs is poor. Antidepressant drugs are first-line agents for the treatment
of NP. This narrative review aims to summarize the role of antidepressant drugs in treating NP and their mechanism

of action, focusing on the effects on inflammatory cytokines.

Main text.

Peripheral nerve injury leads to a local inflamnmatory response and to the disruption of the blood-medullary barrier,
allowing the influx of peripheral immune cells into the central nervous system. Antidepressants have antinociceptive
effects because they recruit long-term neuronal plasticity. Amitriptyline modulates the inflammatory response due

to the reduction of the mRNA of pro-inflammatory cytokines acting as an adenosine agonist and leading to the acti-
vation of the A;AR receptor. Through toll-like receptors, local inflammation determines the release of pro-inflamma-
tory cytokines such as tumor necrosis factor-alpha (TNF-a) that drives and stimulates the hyperflammation in NP. Nor-
triptyline has an important antiallodynic effect in NP as it determines the recruitment of norepinephrine in the dorsal
root ganglia. By modulating the 32-adrenoreceptors expressed by non-neuronal satellite cells, it inhibits the local
production of TNF-a and determines a reduction of NP symptoms. Following the administration of antidepressants,
there is a reduction in the production of TNF-a in the brain which in turn transforms the function of the a2-adrenergic
receptor from an inhibitor to an activator of the release of norepinephrine. This is important to prevent the develop-
ment of chronic pain.

Conclusion Inflammatory cytokines are the main players in a bidirectional communication between the central

and peripheral nervous system and the immune system in NP. Antidepressants have an important role in NP. Further
research should explore the interaction between neuroinflammation in NP, the effects of antidepressants and the clin-
ical relevance of this interaction.
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Introduction

The history of pain research is long, but only after the
foundation of the International Association for the Study
of Pain (IASP), the attention was focused on neuropathic
pain (NP) and its treatment [1]. Evolutionarily, pain
develops to protect the individual from potential harm
[2]. However, not all types of pain play an adaptive and
protective role [2]. Therefore, knowing the etiology and
pathophysiology of NP is fundamental to initiate cor-
rect pain modulation. Specifically, according to the IASP
guidelines for the treatment of NP, tricyclic antidepres-
sants, selective serotonin and norepinephrine reuptake
inhibitors, pregabalin, and gabapentin are recommended
as systemic first-line treatments [3]. Different studies [4]
— [9] have demonstrated changes in cellular activity and
the development of an inflammatory state in the case of
NP [10]. In particular, it has been shown that the upreg-
ulation of autophagic activities can directly alleviate
NP [10]. This process is regulated by pro-inflammatory
cytokines, in particular tumor necrosis factor-(TNF-«)
and interleukin 6 (IL-6) [9]. TNF-a drives the hyperin-
flammation and the synthesis of other pro-inflammatory
cytokines, involved in pain-related pathways, also induc-
ing and modulating NP [9]. Through this mechanism,
TNEF-a regulates the balance between cell survival and
death, and at the same time, it induces and modulates NP
[9]. Therefore, therapies that stimulate autophagic activi-
ties or suppress pro-inflammatory cytokines are useful
for treating NP [10]). This narrative review aims to sum-
marize the role of antidepressant drugs in treating NP
and their mechanism of action, focusing on the effects on
inflammatory cytokines.

Methods

For the purpose of this narrative review, a systematic
search was performed on the PubMed database to sur-
vey the most relevant literature on NP and the role of
antidepressant drugs. The search included the following
keywords: “Neuropathic pain” or “Neuropathic pain syn-
drome” and “Antidepressant drugs” as exact phrases and
as a combination of broad subject headings according
to database syntax. The search was restricted to the last
20 years. Relevant records were narratively summarized
by the authors.

Definitions, classification, and epidemiology

According to IASP, pain is defined as an unpleasant
sensory and emotional experience associated with, or
resembling that associated with, actual or potential tis-
sue damage [11]. Nociceptive, nociplastic, and neu-
ropathic pain are the three branches used to describe
different types of pain. IASP defines nociceptive pain
as pain that arises from actual or threatened damage to
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non-neural tissue and is due to the activation of nocicep-
tors. The nociceptive pain results from the activation of
nociceptive sensory axon by noxious stimuli [12]. Gen-
erally, it is finite, localized, and subside with healing or
removal of the noxious substance. Nociplastic pain arises
from altered nociception despite no clear evidence of
actual or threatened tissue damage causing the activa-
tion of peripheral nociceptors or evidence for disease or
lesion of the somatosensory system causing the pain [11].
Examples are pain due to fibromyalgia or migraine head-
aches. According to IASP’s latest definition, Neuropathic
pain is caused by a lesion or disease of the somatosensory
nervous system [11]. NP is often a chronic and disabling
condition that is poorly responsive to usual analgesic
drugs [12].

Based on etiology, NP can be classified as either central
or peripheral [13]. The most relevant causes of chronic
peripheral NP are trigeminal neuralgia, peripheral nerve
injury, diabetic peripheral neuropathy, postherpetic neu-
ralgia, HIV, and chemotherapy, as well as trauma or sur-
gical procedures. Instead, spinal cord injury, brain injury,
post-stroke, or multiple sclerosis are the cause of chronic
central NP [12].

NP affects about 7-10% of the world’s population and
in particular patients over 50 years of age [12]. Women
show a higher prevalence of NP than men [14].

Symptoms and diagnosis

Patients affected by NP develop a wide range of symp-
toms that can be positive, such as paresthesia or hyper-
algesia, or negative (i.e., sensory less) [2]. However,
symptomatic manifestations also depend on the cause
and site of the nerve lesion [12]. Pain may be per-
ceived as persistent or intermittent spontaneous pain.
In addition to pain, patients with NP experience other
symptoms including burning, tingling, numbness, and
allodynia [13]. These may often worsen patients’ qual-
ity of life, both physically and emotionally [15]. Patients
may develop refractory pain, difficult to manage [16],
and experience anxiety, depression, sleep disorders, and
even suicide attempts [17]. Signs and symptoms of NP
are often not recognized, resulting in a lack of diagnosis
or misdiagnosis [17]. So, to avoid improper diagnosis,
physicians should seek a detailed medical history and
carry on a complete medical and neurological examina-
tion defining the timing of onset, location, and distribu-
tion of the pain and its possible association with trauma
and sensory deficits [1]. In addition, the quality of pain
should be recorded using pain descriptors, i.e., shoot-
ing, burning, or aching, provided by the patient [1].
Pain intensity can be quantified using a numeric rating
scale (NRS) or alternatively with the visual analogue
scale [18]. Questionnaires have been developed to help
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physicians identify NP symptoms. They are easy to
use, exist in more than 90 languages, and are validated
for patients with pain exclusively or predominantly in
a single site of the body [19]). The most used are the
Leeds Assessment of Neuropathic Symptoms and Signs
(LANSS), the Douleur Neuropathique en 4 Questions
(DN4), their self-administered versions (S-LANSS and
I-DN4, respectively), and the PainDETECT [19]. The
extent of the neuropathic component of chronic pain
syndromes can be assessed with the Neuropathic Pain
Symptom Inventory (NPSI) and the Neuropathic Pain
Scale (NPS) (Schlereth and Schlereth [18]). Question-
naires can provide a good overview of the subjective
perception of pain and the psychosocial component of
pain as a supplement to clinical examination [18].

According to IASP, NP is a clinical description that
requires a demonstrable lesion or a disease that satis-
fies established neurological diagnostic criteria. To
establish the presence of lesions or diseases of the
somatosensory system, diagnostic investigations are
employed. These include quantitative sensory testing
(QST), neurophysiological testing, or skin biopsy [19].
QST uses standardized mechanical and thermal stimuli
to examine nociceptive and non-nociceptive afferent
pathways in peripheral nerves and the central nervous
system [19]. The QST can detect both positive symp-
toms such as allodynia, paresthesia, mechanical, heat,
or cold hyperalgesia, and negative symptoms like loss
of mechanical or thermal sensation [18]. Nerve con-
duction studies and the use of somatosensory evoked
potentials are useful to demonstrate, localize, and
quantify damage along peripheral or central sensory
pathways [19]. Among the neurophysiological tech-
niques, the most used are the evoked potentials of noci-
ceptive stimuli: they can be radiant or contact thermal
stimuli, which selectively activate nociceptors, giving
rise, respectively, to potentials evoked by laser and con-
tact heat [19]. In case of inconclusive electrophysiologi-
cal tests or when small fiber pathology is suspected,
skin biopsy may be used to confirm a somatosensory
lesion [18]. Skin biopsy is a minimally invasive pro-
cedure in which a few millimeters of skin containing
intraepidermal C fibers are obtained, which are then
stained immunohistochemically [18]. The existing tools
for diagnosis are summarized in Fig. 1. Some diseases,
such as trigeminal neuralgia, are currently defined by
their clinical presentation rather than by objective diag-
nostic testing. Other diagnoses such as postherpetic
neuralgia are normally based upon the history [1]. In
such instances, clinical judgment is pivotal to elaborate
the complexity of symptoms and manifestations and to
direct patients towards the highest probable diagnosis
and adequate treatment.
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Pathophysiology
The genesis of NP was investigated by Bonezzi et al. find-
ing that the most involved nerve fibers are Ad and C [13]
Acting on the peripheral C fibers would lead to greater
pain control and fewer changes at a central level [13]) The
transmission of signals occurs through the activation of
voltage-gated sodium channels (NaV), which generate
and propagate the action potential. By acting on periph-
eral sodium channels and modulating their function, the
propagation of painful stimuli at a central level could be
prevented [13]. Thermotransient receptors (TRP) also
participate in the modulation of NP: they provide infor-
mation about thermal changes in the environment and
they are expressed at the level of primary sensory nerve
terminals [13]. Targeting inflammatory mediators could
be useful to control the modulation of thermo-TRPs [13].
Damage to peripheral nerves leads to local inflamma-
tory response [8]. The first cells to react are Schwann
cells together with resident immune cells (mast cells and
macrophages). Schwann cells dedifferentiate and begin
the process of degradation of the myelin sheath at the
site of injury. Resident mast cells degranulate, releasing
inflammatory mediators, including histamine, serotonin,
growth factors, and leukotrienes that sensitize nocicep-
tors and contribute to the recruitment of neutrophils, the
first cells to infiltrate damaged tissue [8]. Neutrophils
release mediators that sensitize nociceptors and recruit
macrophages and T cells to the site of injury. Recruited
infiltrating macrophages join resident macrophages and,
together with Schwann cells, take part in the phagocyto-
sis of degenerated axons and myelin sheaths. Moreover,
they release pro-inflammatory cytokines/chemokines [8].
T-helper cells release pro-inflammatory cytokines such
as IL-1b, TNF-a, and IL-17, and also anti-inflammatory
cytokines such as IL-4 and IL-10 [8]. These mediators
can have a direct effect by binding receptors on nocicep-
tors which are partly upregulated after injury [8]. Unlike
peripheral nerves, the spinal cord is protected by the
blood-medullary barrier, which was thought to prevent
the influx of immune cells into the spinal cord circula-
tion [8]. However, emerging data suggest that peripheral
nerve injury may result in disruption of the blood-med-
ullary barrier and allow the influx of peripheral immune
cells [8]. Furthermore, there is a central inflammatory
response involving cell-type resident in the central nerv-
ous system, i.e., microglia and astrocytes. For many years,
the role of the central nervous system glia was thought
to be limited to neurotrophic support and immune pro-
tection [8]. However, it is now established that glia plays
an important role in the generation of persistent pain
syndromes [8]. Microglial cells are often considered
the resident macrophages of the central nervous sys-
tem due to their shared properties with macrophages.
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DIAGNOSTIC PATHWAY FOR NEUROPATHIC PAIN

* Onset, location and distribution of the pain
DETAILED MEDICAL HYSTORY o Pain descriptors
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Temperature sensation with warm and cold metal rollers
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PHYSICAL EXAMINATION {: Touch sensation with camel hair brush
Pain sensation with pin
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QUESTIONNAIRES

o DN4: Douleur Neuropathique en 4 Questions
< e PainDETECT

o NPSI: Neuropathic Pain Symptom Inventory
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Fig. 1 Diagnostic pathway for neuropathic pain. At first, a detailed medical history is useful to recognize signs and symptoms of NP. Timing

of onset, location, and distribution of the pain and its possible association with trauma are analyzed. In addition, the quality of pain should be
recorded using pain descriptors, i.e, shooting, burning, or aching. Pain intensity can be quantified using a numeric rating scale (NRS) or alternatively
with the visual analogue scale. Afterwards, a physical examination is necessary to evaluate temperature sensation with warm and cold metal
rollers, touch sensation with camel hairbrush, and pain sensation with pins. Subsequently, questionnaires are offered to patients to provide

a good overview of the subjective perception and the psychosocial component of pain. The most used are the Leeds Assessment of Neuropathic
Symptoms and Signs (LANSS), the Douleur Neuropathique en 4 Questions (DN4), their self-administered versions (S-LANSS and |-DN4 respectively),
the PainDETECT, the Neuropathic Pain Symptom Inventory (NPSI), and the Neuropathic Pain Scale (NPS). Lastly, to establish the presence

of lesions or diseases of the somatosensory system, diagnostic investigations are employed. These include quantitative sensory testing (QST),
neurophysiological testing with laser/pain-related evoked potentials, skin biopsy, corneal confocal microscopy, and axon reflex tests. QST uses
standardized mechanical and thermal stimuli to examine nociceptive and non-nociceptive afferent pathways in peripheral nerves and the central
nervous system. Nerve conduction studies and the use of somatosensory evoked potentials are useful to demonstrate, localize, and quantify
damage along peripheral or central sensory pathways. Among the neurophysiological techniques, the most used are the evoked potentials

of nociceptive stimuli: they can be radiant or contact thermal stimuli, which selectively activate nociceptors, giving rise, respectively, to potentials
evoked by laser and contact heat. In case of inconclusive electrophysiological tests or when small fiber pathology is suspected, skin biopsy may be
used to confirm a somatosensory lesion. Skin biopsy is a minimally invasive procedure in which a few millimeters of skin containing intraepidermal

C fibers are obtained, which are then stained immunohistochemically

After peripheral nerve injury, the microglial phenotype
changes markedly to a pro-inflammatory phenotype
in which they proliferate, become highly motile, and
phagocytic, expressing new receptors, and releasing pro-
inflammatory mediators [8].

Treatment

The Neuropathic Pain Special Interest Group (NeuP-
SIG) of TASP underlined the need to create guidelines
based on scientific evidence for the pharmacological
treatment of NP, taking into consideration the clinical
effectiveness, adverse effects, convenience, and costs
of each individual drug [17]. Accordingly, different
treatment strategies were proposed for the manage-
ment of NP: these are classified as invasive and non-
invasive, pharmacological and non-pharmacological
therapies [1]. According to the NeuPSIG guidelines,
the use of oral pharmacological therapy as first-line

therapy is recommended in patients with NP [17].
Most international guidelines recommend amitrip-
tyline, duloxetine, pregabalin, or gabapentin as first-
line agents for the treatment of NP [20]. In particular,
gabapentin is approved for the treatment of peripheral
NP, while pregabalin is approved for the treatment of
peripheral and central NP (Schlereth and Schlereth
[18]). Tricyclic antidepressants are used as first-line
drugs for the treatment of NP of any etiology [18]).
Duloxetine is approved in Germany for the treatment
of diabetic neuropathy [18]. Topical therapy is effec-
tive in the case of focal nerve injuries with fewer side
effects. Topical 5% lidocaine and 8% capsaicin patches
are recommended as second-line treatment of local-
ized NP [18]. However, according to Moisset et al. and
the “Société francaise pour 'étude et le traitement de la
douleur,” the lidocaine patch can be used as a first-line
treatment for peripheral NP [21]. High-concentration
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topical capsaicin can be used to treat postherpetic
neuralgia, HIV neuropathy, and painful diabetic neu-
ropathy [22]. Lidocaine prevents the development of
ectopic action potentials by blocking voltage-gated
sodium channels, while capsaicin acts as a natural
binding of the TRPV1 receptor [18]. Various factors
participate in the choice of drug, including possible
adverse effects, patient comorbidities, i.e., depres-
sion or sleep disorders, possible drug interactions, risk
of possible misuse of the drug, abuse, and problems
related to costs [17]. However, these guidelines have
limitations, as they are not applicable in pediatric age
and in patients with trigeminal neuralgia, for whom
there are specific recommendations [17]. Sometimes a
combination of several drugs may be required to opti-
mize pain control [13]. The association of two or more
drugs with different mechanisms of action may pro-
vide better pain control on one hand and on the other
reduce the adverse effects associated with the use of a
single drug at high dose [23].

Add-on therapies, such as physical therapies, exer-
cise training, cognitive behavioral therapy, or psy-
chotherapy may be associated with pharmacological
therapy improving results in some patients (Szok [12]).
When NP results refractory to drugs, other treat-
ment options have been studied such as peripheral
nerve blocks, epidural corticosteroid injection, and
Intrathecal drug delivery. Sometimes even these lat-
ter approaches may be ineffective or cause side effects
[12]. In such cases, the use of techniques of electri-
cal neuromodulation could have an important role.
Neurostimulation interrupts or dampens pain signals
along neural pathways, either blocking pain transmis-
sion or influencing the brain’s processing of pain sig-
nals thus reducing pain perception and providing relief
to the patient [24]. The stimulation of the motor cor-
tex, vagus nerve, spinal cord, or peripheral nerves is
among the most invasive neurostimulation techniques.
Among the less invasive techniques, however, there are
pulsed radiofrequency therapy, percutaneous or trans-
cutaneous electrical nerve stimulation, transcranial
direct current stimulation, and transcranial magnetic
stimulation [24].

Antidepressant drugs

According to guidelines, antidepressant drugs are the
first-line medications in the management of NP [12]).
Antidepressants combine the analgesic action to the
management of depression, that is a common comorbid-
ity of patients with NP [17]. The two mechanisms have
different timings; the analgesic effects appear within
a few days to a week [16], while antidepressant effects
are typically evident after 2 or 4 weeks after the first
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administration [25]). The main mechanism of antide-
pressants is firstly to increase norepinephrine as neuro-
transmitter at spinal cord level and secondly to act on the
locus coeruleus (LC), thus directly inhibiting pain and
activating the impaired descending noradrenergic inhibi-
tory system [25]. Antidepressants act by binding and
inhibiting norepinephrine and serotonin transporters at
the pre-synaptic level, inhibiting the reuptake of these
neurotransmitters and therefore causing an increase in
their levels at the synaptic level (Fig. 2) [25]. The per-
sistence of norepinephrine in the synaptic cleft deter-
mines analgesia due to the presence of a-2-adrenergic
receptors, which are coupled to an inhibitory G protein
(Gi/o) [25]. Its activation determines the inhibition of
the Ca’' voltage-dependent pre-synaptic channels on
the dorsal horn of the spinal cord and therefore inhibi-
tion of the release of excitatory neurotransmitters. At
the same time, in the post-synaptic level, K*channels are
opened causing hyperpolarization of the cells and there-
fore reduction of excitability [25]. This mechanism is of
importance against allodynia and hyperalgesia associated
with NP [25]. Antidepressants also act on the LC [25]. LC
receives inputs from different sites of the central nervous
system, regulated by both norepinephrine and serotonin.
From LC, descending noradrenergic neurons play a role
in an important mechanism of endogenous analgesia.
Antidepressants increase norepinephrine, and thanks to
a-2-adrenergic receptors, they inhibit the activities of
LC [25]. Moreover, antidepressants act as sodium chan-
nel blockers, inhibiting the ectopic discharges caused by
nerve damage [25]. Some antidepressants act as antago-
nists of NMDA receptors which are expressed in the
neurons of the dorsal horns of the spinal cord, induce
wind-up and central sensitization responsible for the
onset and maintenance of NP [25]. Tricyclic antidepres-
sants (TCAs) modulate NP on multiple levels: they act
on a-1-adrenergic receptors, are calcium channel block-
ers, potassium channel activators, and adenosine system
modulators [25]. Furthermore, TCAs increase the func-
tion of GABA-B receptors; they activate opioid receptors
and inhibit the production of nitric oxide and prosta-
glandin E, [25]. Amitriptyline (10-150 mg/day) is one
of the first-line drugs indicated by guidelines [17, 18]; its
most common side effects are dry mouth, constipation,
urinary retention, and orthostatic hypotension [17, 26])
due to its anticholinergic action [12]. It is possible to
limit these effects, starting with low doses administered
before going to bed, and then moving to higher doses
only through slow titration. Alternatively, a secondary
amine, nortriptyline, can be used [17]. To obtain pain
relief, antidepressants should be taken for 6 to 8 weeks,
including 2 weeks with the highest tolerated dosage [17].
More recently, selective serotonin and norepinephrine



Catalisano et al. J Anesth Analg Crit Care (2024) 4:67 Page 6 of 12
a.( 1 b.( i )
Synaptic level Central Nervous System

A
L 2%
/®
ASTROCYTES NEURONS WITH T-CELLS
DAMAGED MYELIN
N.*/C.* voltage . v,
gated closed
channel
i @
e "
2 s @ ® C. ( ~—
— . Dorsal Root Ganglia
\ A /
NON NEURONAL
SATELLITE CELLS -
ASTROCYTE ANALOGUES
. J - J

Fig. 2 Mechanism of action: antidepressant drugs and modulation of neuroinflammation. a Antidepressants act by binding and inhibiting
norepinephrine transporters at the pre-synaptic level, inhibiting the reuptake and therefore causing an increase in norepinephrine levels

at the synaptic level. The persistence of norepinephrine in the synaptic cleft determines analgesia due to the presence of a-2-adrenergic receptors,
which are coupled to an inhibitory G protein (Gi/o). Its activation determines the inhibition of the Ca 2+ voltage-dependent pre-synaptic
channels and therefore inhibition of the release of excitatory neurotransmitters. At the same time, at post-synaptic level, K+ channels are opened
causing hyperpolarization of the cells and therefore reduction of excitability. This mechanism is of importance against allodynia and hyperalgesia
associated with neuropathic pain. Moreover, antidepressants act as sodium channel blockers, inhibiting the ectopic discharges caused by nerve
damage. b Amitriptyline plays an important role in the endogenous adenosine system to modulate neuropathic pain. Adenosine receptor A 3

AR is overexpressed in inflammatory cells, such as astrocytes, immune cells, and nociceptive neurons. The activation of A 3 AR by adenosine
agonists may mediate antinociception through potentiation of inhibition of GABA, blocking NP. Therefore, amitriptyline is used both because it
significantly reduces the expression of the mRNA of pro-inflammatory cytokines and because it determines the activation of the A 3 AR receptor,
acting as an adenosine agonist and reducing the inflammatory response. ¢ Nortriptyline has an important antiallodynic effect as it determines

the recruitment of norepinephrine in the dorsal root ganglia. It acts on 32-adrenoceptors expressed by non-neuronal satellite cells, which are
probably mTNFa-expressing satellite cells. Furthermore, both nortriptyline and venlafaxine inhibit the local production of TNF-a. Blocking TNF-a can
relieve symptoms of NP. A, antidepressant drug; AR, adrenergic receptor; A 3 AR, adenosine receptor; Ca 2+, calcium ion; Gi/o, inhibitory G protein;
Na +, sodium ion; K +, potassium ion; POST, post-synaptic level; PRE, pre-synaptic level

reuptake inhibitors (SSNRI) have been introduced into
the guidelines: they are better tolerated but they are less
effective than tricyclic antidepressants [17]). Venlafax-
ine (150-225 mg/day to be administered once a day) and
duloxetine (60-120 mg/day to be administered once a
day) are commonly prescribed. The most frequent side
effect of duloxetine is nausea [26], which can be limited
by starting at a dosage of 30 mg once a day for 1 week and
then increasing to 60 mg [17]. Instead, venlafaxine may
cause cardiac conduction anomalies or increased blood
pressure [17]. Furthermore, venlafaxine necessitates a

decalage of the dosage due to possible withdrawal syn-
drome [17].

Antidepressants and neuroinflammation

Antidepressants are not primally analgesic drugs; how-
ever, they are used in the treatment of NP because they
recruit long-term neuronal plasticity [27]. Kim et al.
have investigated the antinociceptive effect of antide-
pressants and specifically of amitriptyline, explaining the
role of the endogenous adenosine system in NP in a rat
model [7]. Adenosine receptor A;AR is overexpressed
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in inflammatory cells, such as astrocytes, immune cells,
and nociceptive neurons [7]. It modulates inflammation
and apoptosis in many organs. Liao et al. showed that
autophagy can help in the removal of myelin and promote
nerve regeneration reducing NP [10]. However, there is
no direct evidence to show that inhibiting apoptosis in
damaged neurons can attenuate pain [10]. The activation
of A;AR by endogenous adenosine or adenosine ago-
nists may mediate antinociception through potentiation
of inhibition of GABA, blocking NP [7]. Therefore, ami-
triptyline is used both because it significantly reduces the
expression of the mRNA of pro-inflammatory cytokines
and because it determines the activation of the A;AR
receptor, acting as an adenosine agonist and reducing the
inflammatory response (Fig. 2) [7].

Garcia-Fernandez et al. proved that the local inflamma-
tory process could be triggered by the activation of path-
ways mediated by toll-like receptors (TLRs) [28]. TRL-4
receptor determines the release of pro-inflammatory
cytokines such as TNF-a through the upregulation of a
cascade mediated by NFkB. TNF-a is a pro-inflammatory
cytokine that drives and stimulates the hyperinflamma-
tion in NP [9]. It also controls two programmed mecha-
nisms of cell death, apoptosis, and necroptosis [9]. TNF-«
produced at the peripheral level could be transported to
the central nervous system level via axonal transport: this
is why the literature strongly supports the role of TNF-a
in the pathogenesis of NP [5].

Bohren et al. studied the relationship between allo-
dynia in NP and the role of antidepressants on a
mice model [6]. Norepinephrine acts selectively on
B2-adrenoceptors, so repeated interaction of these
receptors with direct agonists is sufficient to achieve a
therapeutic effect. In neuropathy, norepinephrine can
be released within supraspinal structures, spinally via
descending noradrenergic pathways, and peripherally
in the dorsal root ganglia. However, an important tar-
get in NP might be located at the spinal cord and/or
dorsal root ganglia, rather than at the supraspinal level
[6]. Nortriptyline has an important antiallodynic effect
as it determines the recruitment of norepinephrine in
the dorsal root ganglia [6]. It acts on 2-adrenoceptors
expressed by non-neuronal satellite cells, which are
probably mTNFa-expressing satellite cells (Fig. 2) [6].
These cells can be considered the peripheral analogues
of astrocytes of the central nervous system. Further-
more, both nortriptyline and venlafaxine inhibit the
local production of TNF-a. Following nerve injury in
the dorsal root ganglia of the peripheral nervous sys-
tem or in the spinal cord or supraspinal structures of
the central nervous system, glial and immune cells
induce the production of pro-inflammatory cytokines
such as TNF-a, which contribute to the onset of NP
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[6]. Blocking TNF-a can relieve symptoms of NP [6].
Antidepressant drugs would act as indirect anti-TNF-«
drugs to relieve neuropathic allodynia. This direct
anti-TNF-a effect is partial as it suppresses neurop-
athy-induced TNF-a overexpression without affect-
ing the basal expression of the cytokine [6]. Sud et al.
examined the relationship between the production of
TNF-a and the activation of the a-2-adrenergic recep-
tor, since TNF-a regulates the activity of noradrenergic
neurons in the brain, which are the ones that direct the
descending modulation of pain [5]. The activation of the
a-2 adrenergic receptor can increase or inhibit TNF-a
production depending on extracellular levels of TNF-a
[4]. TNF-a regulates the coupling of the a-2-adrenergic
receptor with specific G proteins, thus directing the
release of the neurotransmitter and the signal trans-
duction of the same receptor [5]. Alteration of the bal-
ance, caused by a pathological increase in TNF-a, could
cause a dysfunctional adaptation of the a-2 adrener-
gic receptor with the development of chronic pain [5].
Amitriptyline probably disturbs this balance between
TNF-a production and activation of the a-2 adreno-
receptor [5]. Specifically, following the administration
of antidepressants, there is a reduction in the produc-
tion of TNF-a in the brain which in turn transforms the
function of the a-2-adrenergic receptor from an inhibi-
tor to an activator of the release of norepinephrine [5].
This transformation is fundamental because following
the development of chronic pain, inhibition of the a-2-
adrenergic receptor develops and therefore leads to a
reduced release of norepinephrine [5]. A summary of
the relevant studies on the topic is displayed in Table 1.

The potential role of antidepressants in modulating
neuroinflammatory pathways involved in NP has been
the subject of preclinical studies in vitro and on animal
models, strengthening the basis of their use in the phar-
macological treatment of NP [6, 7, 29-31]. On the other
hand, clinical research on human patients did not inves-
tigate this specific mechanism, focusing instead on drug
vs placebo studies which assessed the efficacy of antide-
pressants as first-line treatment for several cases of neu-
ropathic pain [3].

Conclusion

Neuropathic pain is a chronic condition, which is diffi-
cult to diagnose and to treat. Neuroinflammation plays
a fundamental role in the onset and modulation of neu-
ropathic pain. During neuropathic pain, inflammatory
cytokines and neurotransmitters are the main players in
a bidirectional communication between the central and
peripheral nervous system and the immune system. The
modulation of these mediators could have important
implications on the management of neuropathic pain.
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Antidepressants seem to act on mediators of neuroin-
flammation reducing or abolishing the symptoms related
to neuropathic pain helping patients’ quality of life
improvement. Increasing knowledge on the interaction
between neuroinflammation and the use of antidepres-
sants could lead to a more thorough understanding of
mechanisms, helping to achieve an optimal management
of patients with Neuropathic pain and their symptoms.
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