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ABSTRACT

BACKGROUND AND OBJECTIVES: Pro-inflammatory chemical mediators 
and algogenic substances seem to be confused by the sharing of their actions and 
by interactions in painful and inflammatory presentation. This study aimed at 
presenting a review of major inflammatory chemical mediators and place them 
in neuropathic pain pathophysiology.
CONTENTS: Inflammation is the homeostatic response of vascularized tissues 
to remove harmful agents and restore their normal functions. Nervous system 
(central and/or peripheral) diseases and injuries may induce neuropathic pain and 
may also modify inflammatory process nervous mediation. In such pathological 
conditions, there might be pain without restrict link with admitedly harmful or 
painful stimuli, as well as there might be inflammation without restrict link with 
the presence of harmful agents and the need to remove them. Chemical media-
tors involved in neuropathic pain and inflammation pathophysiology modulate 
the presentation of both.
CONCLUSION: Studies on inflammation offer evidences to support the impor-
tant role of their chemical mediators in neuropathic pain pathogenesis. In periph-
eral and central sensitization, a thin borderline between reversibility or not of neu-
ropathic pain may be respected or exceeded by inflammatory mediators actions.
Keywords: Adenosine triphosphate, Bradykinin, Chemical mediators, Chemo-
kines, Citokines, Eicosanoids, Histamine, Inflammation, Neuropathic pain, 
Neurotrophic factors.

RESUMO

JUSTIFICATIVA E OBJETIVOS: Mediadores químicos pró-inflamatórios e 
substâncias algogênicas parecem se confundir pelo compartilhamento de suas 
ações e pelas interações no quadro doloroso e inflamatório. O objetivo deste 
estudo foi apresentar uma revisão sobre os principais mediadores químicos infla-
matórios e situá-los na fisiopatologia da dor neuropática.
CONTEÚDO: A inflamação é a resposta homeostática de tecidos vascularizados 
no sentido de remoção de agentes lesivos e restauro de suas funções normais. 
Doenças e lesões no sistema nervoso (central e/ou periférico) podem causar dor 
neuropática, e, também modificar a mediação nervosa do processo inflamatório. 
Nessas condições patológicas a dor pode ocorrer sem o vínculo restrito com es-
tímulo reconhecidamente nocivo ou doloroso, assim como ocorrer quadro infla-
matório sem o vínculo restrito com a presença de agentes lesivos e a necessidade 
de removê-los. Os mediadores químicos envolvidos na fisiopatologia da dor neu-
ropática e da inflamação modulam o quadro de ambas.
CONCLUSÃO: Os estudos sobre inflamação oferecem evidências para embasar 
a importância do papel dos seus mediadores químicos na patogênese da dor neu-
ropática. Na sensibilização periférica e, também na central uma fronteira tênue 
entre a reversibilidade ou não do quadro neuropático pode ser respeitada ou ul-
trapassada pelas ações de mediadores inflamatórios.
Descritores: Bradicicina, Citocina, Dor neuropática, Eicosanóides, Fatores 
neurotróficos, Histamina, Inflamação, Mediadores químicos, Quimiocinas, Tri-
fosfato de adenosina.
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INTRODUCTION

Inflammation is a homeostatic response of vascularized tissues to remove 
noxious agents and restore their normal functions1. Nervous system (cen-
tral and/or peripheral) (CNS, PNS) diseases and injuries may induce neu-
ropathic pain (NP) and also change nervous inflammatory process media-
tion. In such pathologic conditions, pain may appear without strict link 
with noxius or painful stimuli, as well as there may be inflammation with-
out strick link with the presence of noxious agents and the need to remove 
them.
NP is fruit of imperfect regeneration of PNS and/or CNS2. Inflammation is 
critical part of the attempt to restore tissue/cell and may be modulated by 
an intact or defective nervous system. Original cause of inflammation itself 
may or not be the same as that of NP and interaction of inflammatory and 
neuropathic processes shall inexorably occur.
According to its resolution time, inflammation may be acute or chronic. 
In acute inflammation, vascular changes result from the build up of flu-
ids and polymorphonuclear cells at injury site. Migration of blood figured 
elements seems to be oriented by concentration of prostaglandins which 
would change the affinity of external chains of adhesion molecules recep-
tors. Acute inflammatory responses may be systemic and include hyperther-
mia, leukocytosis, protein catabolism and liver plasma proteins synthesis, 
such as C-reactive proteins1. Chronic inflammation has as characteristics 
cell infiltrate (lymphocyte and macrophage) and the simultaneous presence 
of injury and repair.
Pain is part of the first four classic signs of inflammation, together with 
blush, tumor and heat. Currently, they are recognized as elicited by a se-
ries of chemically mediated events, such as local vascular flow and patency 
changes, leukocytes infiltrate and algogenic substances release3.
Most of the times, these phenomena lead to process resolution; however, 
in cases where inflammation evolves to chronicity, there might be tissue 
destruction and the appearance of the fifth and most deleterious inflamma-
tory signal: function loss3.
The inflammatory process is multimediated and sometimes even stereo-
typed, but it may show different responses as a function of noxious agent 
nature, of the predominant cell type of some infiltrates and of the partici-
pation of different chemical mediators3.

PAIN AND SENSITIZATION

In general, pain is an unpleasant perception and a nociceptive sensation. 
Pain is not an isolated event, but rather a sucession of linear and non-
linear events, which leads to a state of defensive hyperactivity, increasing 
the chance of detecting new styles and optimizing the defense system4.
Pain is a symptom, a complaint. There is pain if there is its complaint. It 
is undoubtedly a verbal manifestation and in a broader sense corporal. Its 
study should not allow a dissociation from biological, cultural and psychic 
factors; however, changes caused by the two latter are noticeable not only 
in the central nervous system4.

Sensitization to pain and inflammation in the periphery and in the pe-
ripheral nervous system
In periphery, substances released during tissue injury, which normally are 
found in relevant concentrations just inside the cells, act as sensitizers of 
peripheral painful receptors. Active receptors become hyperactive, while 
the so called silent receptors become active. There is global decrease in 
nociceptors thresholds4

. Substances released to the intestitium are called 
algogenic and osmotically spread to neighbor areas. In passive osmotic dif-
fusion the effects of active substances are proportional as they move away 
from the initial fulcrum.
Algogenic substances are called pro-inflammatory because they are able to 
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promote vascular patency dilatation and alteration, they cause blush, heat 
and edema, in addition to helping the detection of potentially noxious 
stimuli.
Among algogenic substances there are E2 prostaglandins which, for their 
potency and interaction with other substances as from minimum concen-
trations,  have peripheral sensitizing effect and trigger nociceptors centrip-
etous or ortodromic action potentials4,5. 
Cytolysis offers cell membranes for degradation, which is another source 
of pro-inflammatory and algogenic substances. Its metabolytes include 
prostaglandins and prostacyclins, leukotriens, tromboxanes, among others, 
which shall participate in the so-called “inflammatory soup”4-6.
Nociceptors receive painful impulses and, after translating them, transmit 
them to the second sensory neuron located in the gray matter posterior 
horn.
Nociceptors interact with the medium when they are excited, producing 
and releasing special algogenic substances (pro-inflammatory), such as A 
and B tachykinins and substance P, a polypeptide related to calcitonin and 
somatostatin gene. These substances released in the interstitium are also 
spread by osmosis and act at a distance like other algogenic and anti-in-
flammatory substances, also decreasing nociceptors thresholds. They also 
act on neighbor cells making them degranulate and release pro-inflamma-
tory and algogenic substances. Secreting function of nociceptors is proof of 
the neurogenic inflammatory action4,6.
Painful receptors have also their own receptors, such as those detecting 
the presence of proteolytic enzymes, especially triptases. Triptase receptors 
stimulation has a potent effect on the increased production of pro-inflam-
matory and algiogenic agents by nociceptoresl

Sensitization to pain and central nervous system inflammation
Central sensitization involves increased individual neuronal function (cel-
lular) and of nociceptive circuits (multicellular, neuronal and glial) caused 
by increased membrane excitability and synaptic efficacy and also by de-
creased somatosensory nervous system inhibition and plasticity in response 
to peripheral inflammation, abnormal activity or nervous injury. It occurs 
after intense or repetitive nociceptive stimulus4.
In the absence of tissue injury or after its repair and healing, the alert state 
of decreased pain threshold and inflammation gradually returns along time 
to its less activated initial state. The system may return to a super-alert state 
in conditions when the risk of a new injury is high, such as in case of detec-
tion of new intense, repeated and persistent nociceptive stimuli. 
Such sensitization is expression of synaptic plasticity occurring in CNS 
system and triggered by persistent nociceptive stimuli.
Chronicity may have a persistent facilitation, potentiation, increase and/
or amplification state. Injuries and diseases affecting the nervous system, 
especially the somatosensory system, may also create similar environments 
with different results. There is decrease in inhibitory influences of spinal 
cord dorsal horn gray matter and synaptic and intracelllular changes which 
peak with the permanent production of signalling of the presence of painful 
stimuli in the pathway, even in the absence of true peripheral stimulation, 
that is, spontaneously.
Second order nociceptive neurons, which have dynamic and adjustable be-
havior depending on their sensitization level, enable previously silent syn-
apses which transmit non-painful stimuli (allodynia) and also others which 
conduct stimuli originating from other body areas outside the territory 
represented by spinal segment where they are located (referred pain). These 
wide dynamic range neurons (WDR) are considered convergence units and 
are recruited during central sensitization, even in the maintenance of ner-
vous system integrity3,4.
In neuropathic situations related to injuries or diseases, biochemical sce-
narios may create shortcuts which abbreviate and decrease the set of stages 
observed in chronicity.
Situations of neuronal hyperactivity by somatosensory system impairment 
may generate neuropathic pain and, sometimes, simultaneously with in-
flammation. Resulting NP is largerly created and sustained by inflamma-
tory process cascade.

General scenario
Diffuse inflammatory mediators are released both by infiltrative and resi-
dent immune system cells and by glial cells with immune function, which 
activate or sensitize nociceptors, thus leading to an aberrant nociceptive 

system activity. Chemical pro-inflammatory mediators may act on neigh-
bor glial cells, or lead to increased migration of immune system cells, in-
ducing distant release of more mediators6.
Changes are detected both in CSN and CSP and the interaction with which 
pain transmission pathway components create conditions for nervous sys-
tem injuries, mimiking excitoxicity shown in other aggression situations. 
Neurogenic inflammatory changes identified in the periphery, close to no-
ciceptor terminations, in conditions of nervous system preservation, are 
also observed in dorsal root ganglion, dorsal region of spinal gray matter 
and in some brain areas associated to pain, after peripheral nervous injury4.
Painful phenomenon comprises a long and increasing list of inflammatory 
mediators including bradykinin, eicosanoids (prostaglandins and leukot-
riens), adenosine triphosphate (ATP), histamin, pro-inflammatory cyto-
kines (tumor necrosis factor, TNF, interleukin-1b and IFNy), chemokines 
(chemotactic cytokine ligant 2, CCL2; fractalkine), neurotrophins (nerve 
growth factor, NGF; brain neurotrophic factor, BDNF) and oxygen reac-
tive species6,7.
Building a biochemical trend of balance, many mediators such as immune 
cell-derived endorphins, anti-inflammatory cytokines (IL-10 and TGFB) 
and some neurotrophic factors (glial neurotrophic factor, GNF), show op-
posite effects to pain mediators8.

General concept
Inflammatory chemical mediators are substances released in injured tis-
sue or by adequately activated cells which coordinate the inflammatory re-
sponse process. These are major determinants of the sequence of injured or 
ill nervous system neuroinflammation, and are major contributors to NP.

DETAILS OF MAJOR INFLAMMATORY MEDIATORS INVOLVED 
WITH PAIN

Bradykinins
Bradykinin is a nonapeptide (peptide formed by nine aminoacids) of low 
molecular weight, from the vasoactive kinins family with short plasma half-
life and low blood circulation levels.
Bradykinins biological activity is mediated by two receptor pathways, 
called B1 (B1R) and B2 (B2R) receptors7. Bradykinin activation of both 
receptors induces inflammation via pro-inflammatory cytokines release and 
increased vascular patency. 
Bradykinin B2 receptor is constitutively expressed by peripheral and cen-
tral tissues, while B1 receptor is induced and regulated according to the 
evolution of infection, inflammation or trauma. In the nervous system, 
for example, B2 receptor is found, in normal situations, in different types 
of cells, including sensory neurons and microglial cells, while B1 receptor 
is sensitized in microglial cells, astrocytes and neurons after tissue injury9.
NP studies in animal models have shown that both bradykinin receptors 
play a hypersensitization role in pain. B2 alone contributes for the acute 
inflammatory and nociceptive response phase, while both (B1 and B2) are 
important for the central NP process and transition to chronic pain9,10.
Bradykinins contribute to NP by sensitizing peripheral nociceptors termi-
nals and potentiate spinal cord glutamaergic synaptic transmission11. They 
also contribute to perpetuate cytokines and chemokines inflammatory cas-
cade, as well as to stimulate histamin release by mast cells6,7. 
Experimental intraplantar injections of B1 or B2 receptor agonists increase 
response to pain12, while antagonists injection inhibits hyperalgesia in NP 
models13. 
Decreased hyperalgesia secondary to nervous injury obtained by deleting 
the gene responsible for B1 receptors in mice confirms the important role 
of bradykinin as central inflammatory mediator in NP14,15.

Adenosine triphosphate
The complex panel of purinergic systems and their importance in several 
pathophysiologic mechanisms is just recently emerging and generating sci-
entific interest. The scientific community has resisted a long time until 
admitting that such a common metabolyte as ATP could have actions going 
beyond its known participation in energetic metabolism16.
In fact, ATP is a multifunctional molecule also involved in signal transduc-
tion by cells. ATP, when released in the extracellular space after cell destruc-
tion, participates in the modulatory control of neuronal activity. Painful 
sensitivity mediation by the activation of ionotropic (P2X, ion channel) 
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and metabotropic (G protein-bound P2X) membrane receptors17.
ATP may help pain transmission by some mechanisms: activation of C fi-
bers receptors causing increased axonal peripheral nerve sensitivity; activa-
tion of primary afferent pathway in spinal cord pre-synaptic terminal; and 
induction of pain mediators release such as BDNF and glial pro-inflamma-
tory cytokines to activate and sensitize nociceptors6. 
NP models in which the application of A-317491, P2X3 and P2X2/3 re-
ceptor antagonists or with treatment with oligonucleotide of reverse P2X3 
sense, causes decrease in dorsal root ganglion protein expression (DRG) 
and spinal cord, which attenuates both thermal hyperalgesia and mechani-
cal allodynia in rats with peripheral nerve injury, indicating action of P2X3 
receptor on NP.
P2X4, P2X7 and P2Y12 receptors expressed in the microglia appear as hav-
ing new and important role in NP etiology. Their activation by ATP is 
related to microglial response to peripheral nerve injury which contributes 
for the hyperexcitability of spinal dorsal gray matter and for NP symptoms.
Spinal microglial activation is a major pathologic process, occurs less than 
four hours after peripheral nerve injury and is strongly correlated to pro-
inflammatory cytokines release and hyperalgesia6.
Recent pharmacological, genetic and behavioral studies have shown that 
purinergic P2X4 receptors are necessary and sufficient for NP. Their expres-
sion is increased in spinal microglial cells after nervous injury and spinal 
administration of these cells previously stimulated by ATP in animals in-
duces allodynia similar to that caused by peripheral nerve injury18,19.
The mechanism by which P2X4 microglial receptors stimulation produces 
NP involves phenotypic electrophysiologic changes in spinal cord dorsal  
horn lamina I neurons. The activation of these receptors promotes BDNF 
release, which causes dorsal  horn neuronal disinhibition by interrupting 
homeostasis of intracellular chlorine ion20. P2X4 may safely be considered 
a major mediator of neuron-microglia signalling and its blockade reverts 
hyperalgia.
The activation of P2X7 receptors in immune cells (mast cells, macrophages, 
T lymphocytes and microglia) induces fast activation and secretion of in-
terleukin 1β (IL-1β)21. Rats treated with P2X7 antagonist show decreased 
hypersensitivity to pain, while sensitization of P2X7 receptors is detected 
in DRG and in peripheral nerves of NP patients22. The variation of genetic 
sequence coding P2X7 receptors affects the formation of pores, promoting 
sensitivity to chronic pain both in rats and in humans, indicating the pos-
sibility of a new strategy to control chronic pain23.
P2Y12 receptors also activate microglia and contribute to NP. The activa-
tion of these receptors promotes the involvement of microglial  cells with 
myelinated axons in spinal dorsal gray matter24. The inhibition of these 
same receptors by P2X12 antagonists or genetic deletion of gene P2ry12 
relieves hyperalgesia in animal NP models25. The P2X12 receptor antago-
nist, clopidogrel, is clinically used to prevent the formation of blood clots, 
which may speed the screening of therapeutic agents in NP. So, purinergic 
system is a promising set of therapeutic targets to control nociceptive and 
inflammatory NP processes.

Eicosanoids
Eicosanoids are a numerous family of compounds with high potency and 
broad biological activity spectrum. These are long-chain polyunsaturated 
fatty acids oxygenation products. One of these acids, the arachidonic acid, 
constituent of cell membranes, is the most abundant and important precur-
sor of eicosanoids. 
Cleavage (also known as release or mobilization) of cell membranes arachi-
donic acid, which makes this fatty acid of 20 carbons amenable to be oxy-
genated. Although cleavage may happen without cell death, it is in injury 
and degeneration that there is higher availability for the acid to be metabo-
lized; and so, its metabolytes become indicators of noxious or potentially 
noxious stimuli4,6,7.
Arachidonic acid oxygenation is documented in four different pathways: 
that catalyzed by cyclo-oxygenases (COXs), that by lipoxygenase, that by 
epoxygenase and the isoprostane pathway.
After being cleaved from cell membrane by phospholipase A2, arachidonic 
acid may be converted into prostaglandins by cyclo-oxygenases (COXs) or 
into leukotriens (LTs) by lipoxygenases.

Products of endoperoxide synthase enzymes (cycloxygenases or COXs)
COXs pathway consists of the action of at least two enzyme isoforms: 

COX-1 and COX-2.
COX-1 is found in most tissues, promoting homeostasis (although its ex-
pression may be high after cell trauma); while COX-2, the expression of 
which at rest is low, is rapidly increased by the action of inflammatory 
mediators (cytokines) after injury.
Prostaglandins PGE2 and PGI2 are major COXs pathway products and are 
predominantly activated by PE receptors (PE1-4 to PGE2 and PI receptors 
to PGI2)4. These prostaglandins activate sensory afferent fibers and pro-
mote spinal cord nociception by depolarization of WDR-type neurons and 
block neuronal inhibition by glycin5,26,27.
COX-2 and PGE2 expressions drastically and slowly (months) increase af-
ter nervous injury both in injury site and spinal cord.
Non-selective COX, COX-2 inhibitors and PE1 antagonists locally or in-
trathecally, relieve hypersensitivity to pain in NP models.
Clinical observation repeated in animal models considers macrophages in-
filtration as  major source of COX-2 after nervous injury and has shown 
that PE1 receptors expression in macrophages is also abnormally increased, 
suggesting a vicious inflammatory cycle6.
E2-type prostaglandin has been recently related to increased production of 
pro-inflammatory cytokines, IL-6 and neutrophic factors, BDNF, in DRG 
nervous injuries, in addition to contributing for the medium of pain me-
diators6,27.
In practice, the use of COXs inhibitors is innefective for NP, in spite of 
proven generalized action of such enzymes and their products (especially 
prostaglandins) in the development and maintenance of NP and the efficay 
of enzyme inhibitors (of COXs) to treat inflammatory pain. This seemingly 
paradox is still to be explained6,28.

Lipoxygenase products
Arachidonic acid metabolism is also catalysed by lipoxygenases (LOX): 
5-, 12- and 15-lipoxygenase producing hydroperoxyeicosatetranoic ac-
ids (HPETE) which in turn are rapidly converted in hydoxy derivatives 
(HETE) and leukotriens6.
The interest on lipoxygenase pathway, also known as allergic inflammation 
pathway, is to better understand and improve the management of asthma, 
anaphylactic shock and cardiovascular disease.
Leukotriens (LTs) are a group of lipid chemical mediators formed 
by the insertion of oxygen in different positions inside arachidonic 
acid. 5-lipoxygenase (5-LOX), enzyme present in inflammatory cells 
(leucocytes,polymorphonuclear, basophils, mast cells, eosinophils and mac-
rophages) catalyses LTA4 formation which, together with its metabolytes 
(LTB4, Ciseinil LTs or cisLTs, LTC4, LTD4 and LTE4) are the most widely 
studied6,29.
The activation of these inflammatory cells induces increase in calcium free 
ions in respective cytoplasms and releases arachidonic acid for oxygenation 
by 5-LOX (in turn activated by its own activating protein 5-LOX FLAP) 
which produces an unstable intermediate epoxy-type substance, leukotrien 
A4 (LT4). At this point, epoxyde may be converted into dihydroxi leu-
kotrien B4 (LTB4) or suffer conjugation with glutadione. In conjugation 
there is formation of leukotrien C4 (LTC4), which suffers the action of 
different peptidases in its recently conjugated portion (a true sequential 
degradation) forming LTD4 and LTE4. The latter products and C4 are 
called cisteinil leukotriens or pepetidoleukotriens. 
LTs action on specific receptors for LT in the surface of many immune and 
glial cells; BLT1 is receptor with affinity for LTB4, while BLT2 has lower 
affinity for LTB4 and other LTs; CisLT 1 and 2  are selective receptors29.
LTB4 exerts strong chemotaxis on neutrophyls expressing BLT (1 and 2). 
Intraplantar LTB injections produce hyperalgesia by inducing the release 
of other leukotriens (8R and 15S-diHETE), which sensitize  nociceptors 
and may contribute for NP. The inhibition of 5-LO confirms the findings 
commented above and decreases hyperalgesia resulting from LTB4-induced 
NGF release4,6,7.
Zafirlucaste, cisLTs antagonist, decreases pain hypersensitivity in inflam-
matory pain models29.
In models of peripheral nerve injury-induced NP, there are activated spinal 
microglial populations. Recent studies have shown that these microglial 
cells have increased expression of 5-LO and cisLT1s, together with in-
creased BLT1 receptors30.
Closing the set of evidences on the role of such inflammatory chemical 
mediators on NP, intrathecal application of 5-LO inhibitors (BLT1 antago-
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nists) causes microglia inactivation. When added to inhibitors of protein 
kinase activated by mitogen p38 (MAPK), they are able to revert mechani-
cal sensitivity30.
Agents developed to block leukotriens synthesis (zileuton) and signalling 
(motelucaste, zafirlucaste and pranlucaste) show clinic therapeutic success 
to treat inflammatory diseases such as asthma, but their efficacy to treat NP 
is still not scientifically proved.

Histamine
Histamine is a biogenic endogenous ammine which mediates pleiotro-
phic effects by means of four different subtypes of receptors bound to G 
proteins, called H1 to H4, which are expressed in different manners in 
each cell type.
In humans, histamine is a major mediator of immediate and inflamma-
tory allergic reactions, although playing a modest role in anaphylaxis. 
With complex physiologic and pathologic effects causing broad effects, 
part of them undesirable, histamine has never been adopted as drug to 
treat diseases, giving place to selective agonists or antagonists of some 
subtypes of its receptors.
Classic source of histamines are mast cells, where they are stored in cy-
tosolic granules and released by exocytosis to exert several actions is re-
sponse to different simuli. Histamine not coming from mast cells derives 
from multiple sources, such as circulating leucocytes (especially eosino-
phyls, althoug in concentrations ten times lower) and neurons. Gastric 
cells producing histamine are called histaminocytes and in the central 
nervous system they are called histaminergic neurons. It is believed that 
mast cells degranulation in the nervous system is triggered by tissue in-
jury or by increased adenosine or bradykinin in response to mechanical 
injury6,7.
Immune processes are the most important mechanism of histamine re-
lease by mast cells and basophils. These cells, when sensitized by IgE 
antibodies fixed to its surface, respond to antigens with histamine and/or 
other mediators release (by citolysis or exocytosis).
Once released, histamine is able to sensitize nociceptors resulting in hy-
peralgia. Treatment with mast cells stabilizer chromolyn, prevents the 
development of hyperalgia, partially secondary effect of lower histamine 
release31. Local treatment of injured nerve with H1 and H2 receptor an-
tagonists relieves hyperalgesia. Mild analgesia of anti-histaminics is clini-
cally shown in dysmenorrhea, trigeminal neuralgia, thalamic pain syn-
drome and cancer pain, although being in general associated to opioids8.
A new generation of anti-histaminics acting on H3 and H4 receptors is 
being currently tested in NP, producing conflicting results. Peripheral 
and spinal activation of H3 receptors inhibits formalin-induced nocicep-
tion32. Systemic administration of H3 receptors antagonists decreases 
mechanical sensitivity in experimental NP models33. In spite of the poor 
knowledge on the antinociception mechanism of anti-H3, they are al-
ready being clinically tested. Effects on H4 receptors block in NP models 
are also still not clear. A study has shown that treatment with H4 agonists 
blocks mechanical sensitivity, while others have shown that systemic use 
of H4 antagonists has dose-dependent and reversible effect on mechanical 
hypersensitivity33. 
Histamine effect on NP is clearly shown, however further studies are 
needed before considering the use of selective histamine agonists/antago-
nists to manage NP6.

Neurotrophic factors
Neurotrophic factors are a family of proteins of central importance to 
nervous system functioning, differentiation and survival, as well as syn-
aptogenesis and synaptic plasticity. 
Neuronal growth factor is member of the neurotrophins super-family 
(NT), which includes BDNF, NT-3 and NT-4/5. 
Nerve growth factor (NGF) is one of the most widely studied neuro-
trophins and regulates survival, development and trophism of specific 
neuronal populations, being recognized as one of the most important 
pain mediators. Increased levels of NGF are seen after nervous injury in 
animal models34 and in different critical situations involving pain, such as 
arthritis and chronic headache.
Nerve growth factor release promotes peripheral sensitization in different 
manners, such as by modulating the expression of other inflammatory 
mediators, receptors and ionophors.

Its administration in control animals and previously healthy humans in-
duces fast hyperalgia35. In experimental models with nerve injury, the ad-
ministration of anti-NGF neutralizes antibodies with complete reversion 
of hypersensitivity and hyperalgia36.
Monoclonal antibodies targetting NGF have been involved in different 
studies. One example is tanezumab, monoclonal anti-NGF antibody test-
ed for different types of pain, including knee osteoarthritis and chronic 
low back pain. Results of pain control are promising, being more effective 
than non-steroid anti-inflammatory drugs, however many patients had 
adverse effects such as changes in peripheral sensitivity, in addition to 
progressive worsening of osteoarthritis with bone necrosis37.
NGF has major effect on tissue repair, on angiogenesis and cell prolifera-
tion, thus questions about the benefits of anti-NGF therapies to control 
chronic pain38. On the other hand, there is currently a broad range of 
anti-NGF being tested, and it is premature to conclude something about 
its application to treat chronic pain which always incorporates neuro-
pathic mechanisms.
Brain-derived neurotrophic factor (BDNF) is considered a pro-nocicep-
tive neurotrophin since the demonstration of its ability to signal for mi-
croglia and spinal cord neurons, mediating aberrant pain.
Peripheral nerve injury causes activation of spinal microglia P2X4 recep-
tors. The production of adenosine triphosphate (ATP) induced by the ac-
tivation of these receptors leads to cell inflow of free calcium ions, which 
in turn induces secondary phosphorylation and activation of mitogen-
activated protein kinase 38kDa  (p38MAPK) which subsequently leads 
to increased BDNF exocytosis dependent on increase and sensitization 
of soluble N-ethylmaleimide-sensitive factor attachment protein receptor 
(SNARE).
BDNF release by activated microglial cells induces disinhibition of sec-
ond order nociceptive neurons present in Rexed lamina I of spinal cord 
gray matter when breaking intracellular chlorine homeostasis. Modifica-
tion induced by BDNF release transforms local neurons function, before 
predominantly inhibitory (or GABAergic), and one third of neurons start 
to have excitatory action39.
Two BDNF release pathways in NP were recently described. The first 
is triptase-dependent (proteolytic enzyme) and mast cells-derived, which 
activates proteinase activated receptor type 2 (PAR2) and promotes the 
expression of P2X in microglial cells on which ATP exposure significantly 
increases BDNF synthesis and activity6.
Approximately fifteen years ago, PAR2 inhibitors were considered the 
new analgesics of the 21th Century, but such receptors found in peripheral 
nociceptive receptor surface are the most potent inducers of peripheral 
algogenic substances release (pro-inflammatory chemical mediators) re-
sponsible for neurogenic inflammation.
In posterior spinal cord gray matter, the biochemical scenario is repeated 
and the same substances or mediators are found, in addition to excitatory 
aminoacids. However, the study of those then promising analgesics has 
not progressed due to adverse effects caused by the same receptors located 
in different sites40. In the second pathway, BDNF is released in the tri-
geminal ganglion by activity-dependent TNF pathway6,41.
Findings explain the different forms by which BNDF may be inhibited, 
but strategies to control NP are still to be investigated.
GDNF produced by astrocytes and glial cells has antinociceptive action 
on central nervous system in spite of the pro-nociceptive action in the 
peripheral system8. Spinal treatment with GDNF reverts NP by means of 
increasing somatostatin expression, which is a  neuropeptide with anal-
gesic properties42.
Another mechanism of spinal GNDF antinociceptive potential is by  
means of decreased astrocytes activation in spinal cord posterior horn 
after nervous injury43, however, clinical trials with recombinant GNDF 
in Parkinson’s disease patients were discontinued due to adverse effects.

Citokines and chemokines
Citokines are small regulatory proteins produced by a wide variety of 
cells, including leucocytes, under physiologic and pathologic conditions. 
They modulate cell-to-cell interaction in addition to regulating local in-
flammatory and immune responses.
Chemokines are a large family of structurally homologous cytokines with 
chemotaxis capacity, which orient migration of leucocytes to the injury 
site. Chemokines, other cytokines and their receptors are broadly ex-
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pressed in the central nervous system and there are increasing evidences 
of their action on NP.
There are many inflammatory cytokines involved in NP models, such 
as IL-1β, TNF, IL-6, IL-15, IL-17, IL-18 and INF-γ, while anti-inflam-
matory cytokines, such as IL-4, IL-10 and TGF-β have analgesic action.
Immune homeostasis is normally maintained by endogenous anti-in-
flammatory cytokines release, particularly IL-10, which makes negative 
feedback when suppressing genes coding pro-inflammatory cytokines and 
their receptors. However, if the central nervous system is injured, there is 
release of IL-1β, TNF and IL-6 and there is positive feedback to activate 
inflammatory cascades.
Many pro-inflammatory cytokines indirectly contribute to pain due to 
their ability to potentiate the production of algiogenic mediators such as 
PGE-244. Interaction is narrowed when the effect on the affinity state of 
external anchorage of adhesion molecules of blood figured elements are 
studied45. There is strong evidence of the direct action of some cytokines 
on receptors present in nociceptors.
Cytokines, including chemokines released after nervous injury, may 
modulate spinal blood-spinal cord barrier patency by increasing IL-1β 
and CCL2 circulation46. Spinal infiltration of immune cells is related to 
cytokines release.
The balance between pro and anti-inflammatory cytokines after nervous 
system injury is essential both for its own recovery and the development 
of NP. Patients with complex regional pain syndrome, painful neuropathy 
and spinal injury have systemic increase of TNF and IL-6 pro-inflamma-
tory cytokines release, in addition to levels of anti-inflammatory cyto-
kines such as IL-10 and IL-4, while those with painless neuropathy have 
increased levels of anti-inflammatory cytokines6.
Cytokines modulation when blocking pro-inflammatory cytokines and/
or increasing anti-inflammatory cytokines is effective to control pain and 
brings to light the discussion about the effects of cytokines on NP.

Pro-inflammatory cytokines

Tumor necrosis factor
Tumor necrosis factor (TNF) is probaly the most widely studied pro-
inflammatory cytokine and acts by two receptors: constantly expressed 
TNFR1 and inducible TNFR2.
TNF starts several signalling pathways: activates nuclear factor (NF)-KB, 
which induces transcription of pro-inflammatory cytokine coded genes, 
thus triggering an inflammatory cascade47.
Several animal studies confirm the role of TNFs in neuropathic pain, 
however, actions of TNFR1 and TNFR2 receptors are still not totally 
explained. Behavioral, pharmacological, and electrophysiologic studies 
confirm the significant contribution of TNF to peripheral and central 
nervous system sensitization.
When TNF is applied to healthy sciatic nerve and DRG (dorsal root gan-
glion) there are ectopic firings of Aδ, Aβ and C fibers, thus decreasing 
mechanical threshold needed to activate C fibers8. After nervous system 
injury, endogenousTNFs are launched by mast and Schwann cells, which 
are followed by a second wave of TNFs launched by netrophylic infil-
trates amd macrophages8. Elevation of TNFs is correlated to pain and 
hypersensitivity.
TNF increases vascular patency in hairless skin increasing leucocytes in-
filtration and consequently inflammatory response. These effects support 
the theory which suggests that TNFs are peripheral sensitizers. Nervous 
injuries also trigger increased TNF in spinal cord dorsal part, which in-
creases NAV 1.3 and NAV 1.8 sodium channels expression53, as well as 
increases post-synaptic excitatory chain by means of AMPA and NMDA 
receptors49, both susceptible to central sensitization.
The interference of TNF signalling using neutralizing antibodies or an-
tagonists of their receptors may attenuate NP8. In the last decade, treat-
ment with anti-TNF (infliximab, etanercept) has positively transformed 
the treatment of severe inflammatory diseases, such as rheumatoid arthri-
tis, inflammatory bowel diseases and psoriasis. These drugs are effective 
to revert hyperalgesia in painful rat models and in rats with neuropathic 
pain due to nervous injury52.
Interleukin-1b
Intereleukin-1b is the second more important pro-inflammatory cytokine 
which, when applied to healthy nerves, dorsal roots ganglia and dorsal 

spine decrease activation threshold and promote spontaneous firings of 
action potential, thus causing pain and hypersensitivity6,8. Close to a pe-
ripheral nervous injury, IL-1b is rapidly released by Schwann cells, as well 
as by local macrophages and infiltrates.
In spinal cord, nervous injury activates microglial and astocytary cells and 
this activation results in a 15-fold increase in the levels of IL-1b, effect 
totally reverted with glial inhibitor propentophilin, which also normal-
izes pain and hypersensitivity53.
Pain worsening mechanism of IL-1b includes: reinforcement of voltage-
dependent sodium chains in painful receptors by “p38 pathway”; in-
creased excitatory chains by means of NMDA and AMPA receptors phos-
phorylation; and spontaneous decrease of GABA and current-inhibiting 
glycin on spinal cord49.
There is analgesic effectiveness on IL-1 receptors block or interfering 
with IL-1b signalling via neutralizing antibodies in NP models8.
IL-1 antagonist anakinra was clinically approved for rheumatoid arthritis 
and may be also beneficial for NP patients.
A recent study54 has stressed IL-1b potential on nervous regeneration 
since it has been shown that IL-1b in rats elicits evident losses in injured 
nerve function recovery. The therapeutic possibility comes from the prob-
able benefit of  blocking such interleukin.

Interleukin-6 (IL-6)
In general, IL-6 has pro-inflammatory activity, however in some circum-
stances it may be modulator and induce anti-inflammatory response. 
With peripheral nerve injury, IL-6 is released by Schwann cells and mac-
rophages, as well as by neurons and glial cells in DRG and spinal cord. 
IL-6 predominantly appears in the cascade with TNF and IL-1, however, 
which comes first is still questionable.
IL-6 role on acute nociceptive pain modulation is contradictory and its 
peripheral application in animals causes algic and antalgic effects8. In lab-
oratory NP models it is obvious the ability of IL-6 to promote pain when 
rats with genetic deletion of this interleukin are treated with its neutral-
izing antibody and there is decrease in nervous injury-induced pain.
After nervous injury, IL-6 increases pain responses of mediators such as 
BDNF and substance P, which promote neuronal excitation.
All cytokine receptors share the same architectural project which involves 
a large extracellular domain exposed for connection with specific ligant 
(cykokine) and, united by a single transmembranous helix, an intracel-
lular domain. In case of interleukin-6, response induced by its ligation 
in the external domain starts with dymerization of receptor which at-
tracts one unit of tyrosine kinase cytosolic (Jak) to associate and then 
phosphorylate receptor’s dymer. Phosphorylation target in the internal 
domain of IL-6 receptor is a specific protein of the transcription factors 
family (Stats).
The specific stat is bound to phosphotyrosine grouping of receptor-Jak 
complex, being itself phosphorylated. Phosphorylated Stat migrates to-
ward cell nucleus and activates genic expression and promotes nervous 
injury by microglia activation in spinal cord dorsal region.
Analgesic therapeutic  possibility arouses from the blockade of this path-
way with expected decrease of neuroinflammation diffusion in spinal cord 
and pain and hypersensitivity attenuation57.
In healthy humans, IL-6 levels are very low, but they may increase dur-
ing painful inflammatory conditions. Antibodies anti-IL-6 (tocilizumab) 
have been approved for RA and a recent study has shown tocilizumab 
effectiveness to treat radicular pain and low back pain caused by spinal 
stenosis58. Further clinical trials are needed to evaluate direct effects on 
NP of IL-6 inhibition.

Other inflammatory cytokines
Another pleiotropic cytokine, IFN-y, has been associated to chronic pain 
as from its application. IFN-y may cause neuronal sensitization and trig-
ger spontaneous firings, as well as decreased inhibitory tone. IFN-y is also 
associated to microglial cells activation, and so IFN-y signalling ablation 
prevents microglial activation as well as the development of pain and 
hypersensitivity after nervous injury.
IFN-y signaling with microglia induces over-stimulation of several pro-
teins, such as purinergic receptors P2x4 and kinase receptor CCR259,60 
which contribute for NP onset.
Analgesic properties of canabinoid receptor agonists (CBR2) are associ-
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ated to reversible inhibition of microglial cells in activating IFN-y signal-
ing60. In general, INF-y are involved with NP pathogenesis, especially by 
a central effect on neurons and microglia.
IL-15 are expressed in damaged neurons and in macrophage infiltrates of 
injured nerves, as well as in reciprocity in spinal cord macrophages and 
reactive microglial cells. These are involved in NP development by pro-
moting macrophages and T cells at nervous injury side and spinal cord61.
IL-17 is a pro-inflammatory cytokine predominantly produced by Th17 
cells, but also by neutrophils, cytotoxic T cells and glial cells and has im-
portant role in nervous system inflammatory disorders such as multiple 
sclerosis7,8.
IL-17 administration in laboratory rats has induced pain behavior63. After 
nervous injury, IL-17 increases nervous degeneration with peak around 
the seventh day and is found in T cells of the injured nerve62.
Pain and hypersensitivity are decreased in rats with Rag type 1 defficiency 
(family of restriction endonuclease enzymes which cleave DNA by recog-
nizing the site by the identification of bases pairs sequences) in T cells, 
with failure in Il-17 and IL-17 expression in rats63,64. This effect decreases 
both T cells and macrophages infiltrate in sciatic nerve decreasing spinal 
cord glial activity63. This way, there are increasing evidences that IL-17 is 
involved in NP maintenance.
Il-18 is member of IL-1 cytosines family, which are expressed in chronic 
inflammation and are activated by IL-18 receptors (IL-18r). These are 
expressed by astrocytes peak seven days after nervous injury. However, 
neutralizing antibodies against IL-18 and IL-18r only partially decrease 
pain and hypersensitivity, in spite of the decrease in the number of reac-
tive astrocytes64.
A more recent study has shown that herbs used in Japanese medicine 
(Bushi), have decreased NP maintenance phase by suppressing IL-18 and 
IL-1b evoked ERK1/2-phosphorylation in astrocytes, thus decreasing 
their activation61. To date, it is still early to state that IL-18 block is a 
good therapeutic strategy to relieve neuropathic pain and further studies 
are needed.

ANTI-INFLAMMATORY CYTOkINES

Interleukin-10
Interleukin-10, released by activated T cells, B cells, macrophages and 
mast cells, is a powerful anti-inflammatory cytokine, inhibiting cyto-
kines, IL-1b, IL-6 and TNF release6,8.
If the catabolic flow is compared to a river flow, substances to be trig-
gered would be at the source while their final metabolites would be at 
its mouth. In this context, IL-10 suppression mechanisms downstream 
to its receptor, occur by SOCS3m induction which, in turn, inhibits 
genes normally activated by JAK-STAT3 pathway, as well as by NF-kB 
pathway inhibition6,8.
After nervous injury, IL-10 expression rapidly increases (1 hour) in the 
injured area and in up to 24 hours in DRG. Spinal and interneuron IL-
10 may significantly attenuate hypersensitivity of nerve injury-induced 
pain, associated to decreased infiltration by immune cells and decreased 
IL-1b and adenosine expression8.
Adenosine receptor reverse agonists 2A and CBR2 stabilize hypersensi-
tivity pathway of pain induced by IL-10 release66,67.
IL-10 has analgesic effects due to its ability to inhibit pro-inflammatory 
cytokines.

Interleukin-4 (IL-4)
Interleukin-4 is a prototypic anti-inflammatory cytokine released by ac-
tivated mast cells and some T cells populations. It is able to inhibit most 
inflammatory cytokines and may suppress macrophages and microglial 
cells activation.
Previous treatment of nerves with IL-4 may desensitize them to respons-
es to painful stimuli induced by knowingly algogenic substances (pro-
inflammatory mediators), such as bradykinins and TNF8.
IL-4 in knockout rats (-/-) without nervous injuries induces increased 
sensitivity to mechanical stimulation and, surprisingly, this interleukin 
in wild rats (with intact genetics) nervous injuries still do not show in-
creased pain hypersensitivity as compared to wild types68. This discrep-
ancy seems to be due to the fact that IL-4 in rats with overcompensation 
of the expression of other anti-inflammatory cytokines, such as IL-10 

and IL-13.
Both nervous injury stabilization and maintenance phases have induced 
pain hypersensitivity which has been decreased by genes IL-4 therapy, 
which is associated to decreased spinal release of IL-1β e PGE2, as well 
as decreased in p38 MAPK phosphorylated, indicative of decreased 
number of activated microglial cells69. Some IL-4 analgesic effects also 
occur by the positive regulation pathway of m e d opioids6,8.

Tumor growth factor-beta (TGF-β)
TGF-β has a wide variety of immune functions, although being consid-
ered an immunosuppressant. TGF-β deeply induces lymphocytes pro-
liferation and cytokines production, influences T cells differentiation 
and promotes regeneration of T immunosuppressant-regulating T cells.
After peripheral nerve injury, spinal TGF-β significantly attenuates 
both pain development and maintenance/stabilization69. The factor also 
promotes in these same conditions decreased activation of microglial 
cells and astrocytes, as well as decreased chemokine CCL2 expression.
TGF-β and IL-10 may increase blood-spinal cord barrier (BSCB), thus 
decreasing additional infiltration of immune cells in the dorsal horn.
Bone morphogenetic protein and activin membrane-bound inhibitor 
(BAMBI) are natural inhibitors of the tumor growth factor family. Ani-
mals with genetic BAMBI deletion have increased activated TGF-β lev-
els and decreased acute pain, as well as NP induced by nervous injury71.
Antinociceptive TGF-β effect may also involve the opioid system since 
precursor proteins of endogenous opioids have also shown increase in 
spinal cord of the same mice with deletion of genes responsible for 
BAMBI71. TGF-β seems to activate glial suppression, to inhibit pro-
inflammatory cytokines release and to promote endogenous opioids an-
algesia expression.
Modulation of these anti-inflammatory cytokines deserves investiga-
tion as therapeutic potential for neuropathic pain6 and chronic pain 
in general.

Chemokines 
Chemokines are known as chemo-attractant (or chemo-attractive) cyto-
kines which control leucocytes migration acting as coordinators of cellu-
lar traffic during immune and inflammatory reactions. Chemokines and 
their receptors are important in inflammatory nervous system diseases for 
mediating leucocytes within nervous inflammation areas.
In fact, there is a slight conflict in naming and classification adopted 
and already consecrated by custom, since some mediators which are not 
cytokines also control leucocytes movement and many true cytokines are 
not restricted to this function.
More than forty chemokines have been identified and their classification 
may be simplified in two groups, taking into consideration whether pri-
mary cystein residues of the polypeptide chain are adjacent (chemokines 
C-C) or separated by other residue (C-X-C). The former are implied in 
chronic presentations and the latter in acute presentations.
Major nervous system cell types, such as neurons, glia and neural parent 
cells, express several chemokines and their receptors. 
Evidences gathered on chemokines show involvement of neural migration 
and cell proliferation during brain development, synaptic transmission 
modulation, neurodegenerative diseases and pain8.
When related to NP, chemokines production leads to higher sensitivity 
to pain both indirectly by the attraction of leucocytes and indirectly by 
nociceptive neurons excitation.
Chemokines and their receptors were implied in NP. Two most important 
pairs (ligant + receptor) are commented below.

CCL2 (MCP-1)/CCR2
The expression of CCL2 cytokine and its respective receptor (CCR2) 
on neurons and glial cells in DRG is already well documented8,72. Us-
ing an NP model of chronic DRG compression, it was shown increased 
CCR2 and CCL2 expression both in injured and healthy (without com-
pression) neurons. The application of CCL2 in injured sensory nerves 
in vivo produces potent excitatory effects73. After sciatic nerve injury, 
similar findings of increased expressison of CCL2 in DRG neurons and 
within endoneuron are evident74.
However, CCL2/CCR2 expression in spinal cord is controversial. Sev-
eral evidence lines show that CCR2 constitutively occurs in spinal cord 
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neurons and become hyperactive after nervous injury75.
CCL2/CCR2 signaling in spinal cord is a critical point for the activa-
tion of spinal glia, and there is possibility of this chemokine produced 
in DRG to be transported to proximal terminations of such pseudo-un-
ipolar neurons in gray matter dorsal portion. Inthratecal administration 
of  CCL2 neutralizing antibodies in animals with nervous injury has 
shown decreased microglia activation and pain behavior inhibition76.
Confirming such findings, rats without CCR2 have shown little NP 
after nervous injury, resulting from decreased macrophages infiltration, 
spinal glia cells activation and decreased neuronal sensitization77.
CCR2 activation on DRG neurons and CCL2 release in spinal cord 
nervous system contribute to increased nociceptive neurons excitation 
and NP promotion. CCR2 antagonists may have therapeutic value in 
the future6,78,79.

CX3CL1 (fractalkine)/CX3CR1
Fractalkine is a cytokine expressed in the external surface of spinal neu-
ron cells and of spinal cord sensory afferents80. In spinal cord dorsal 
part, fractalkine receptors are primarily expressed by microglia and are 
over-functioning after nervous injury81

CX3CL1/CX3CR1 expression pattern suggests their involvement in 
neuronal signaling and spinal cord microglia.
Binding of CX3CL1 and CX3CR1 activates P38 MAPK inducing mi-
croglial activation and pro-inflammatory cytokines synthesis, such as 
TNF, IL-1b and IL-675. This, in turn, contributes to synapses plasticity 
and spinal cord neuronal activation.
Behavioral studies have shown that spinal fractalkine produces dose-de-
pendent pain and hypersensitivity, while neutralizing CX3CR1 antibod-
ies injection delays and decreases nociceptive response in NP models82.
CX3CR1 blockade in rats decreases pain and hypersensitivity with de-
creased spinal glial activation after peripheral nervous injury83. Evidenc-
es suggest that fractalkine (CX3CL1) release by neurons in response to 
injury or to an inflammatory mediator induces glial activation and pain 
facilitation.    

CONCLUSION

There is increasing production of evidences obtained by pre-clinical trials 
showing that inflammatory mediators play critical roles in NP patho-
genesis.
In peripheral nervous system, inflammatory mediators are hyper-regulat-
ed by resident cells and infiltrate leucocytes after peripheral nerve injury, 
inducing peripheral sensitization. In central nervous system, in spinal 
cord, inflammatory mediators broadly contribute to glial cells activation 
after nervous injury, inducing central sensitization.
Modulation and intensional direction of these mediators inhibiting pro-
inflammation and increasing anti-inflammatory mediators, may be con-
sidered important therapeutic strategies for NP. However, recent scientif-
ic production also cautions for the difficulty to translate results obtained 
in this animal research field into application in humans.
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