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RESUMO

Rocha APC, Kraychete DC, Lemonica L, Carvalho LR, Barros GAM,
Garcia JBS, Sakata RK — Dor: Aspectos Atuais da Sensibilizagao
Periférica e Central.

JUSTIFICATIVA E OBJETIVOS: As pesquisas recentes tém foca-
lizado a plasticidade bioquimica e estrutural do sistema nervoso
decorrente da les&o tissular. Os mecanismos envolvidos na tran-
sigdo da dor aguda para crénica sdo complexos e envolvem a
interac&o de sistemas receptores e o fluxo de ions intracelulares,
sistemas de segundo mensageiro e novas conexdes sindpticas. O
objetivo deste artigo foi discutir os novos mecanismos que envol-
vem a sensibilizagdo periférica e central.

CONTEUDO: A leséo tissular provoca aumento na resposta dos
nociceptores, chamada de sensibilizagdo ou facilitacdo. Esses fe-
némenos iniciam-se apds a liberagdo local de mediadores infla-
matdrios e a ativagdo de células do sistema imune ou de receptores
especificos no sistema nervoso periférico e central.

CONCLUSOES: As lesdes do tecido e dos neurdnios resultam em
sensibilizagdo de nociceptores e facilitagdo da condug&o nervo-
sa central e periférica.

Unitermos: DOR: mecanismos, sensibilizagéo periférica, sen-
sibilizagao central.
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SUMMARY

Rocha APC, Kraychete DC, Lemonica L, Carvalho LR, Barros GAM,
Garcia JBS, Sakata RK — Pain: Current Aspects on Peripheral and
Central Sensitization.

BACKGROUND AND OBJECTIVES: Current research has focused
on the biochemical and structural plasticity of the nervous system
secondary to tissue injury. The mechanisms involved in the tran-
sition from acute to chronic pain are complex and involve the
interaction of receptor systems and the flow of intracellular ions,
second messenger systems, and new synaptic connections. The
aim of this article was to discuss the new mechanisms concerning
peripheral and central sensitization.

CONTENTS: Tissue injury increases the response of nociceptors,
known as sensitization or facilitation. These phenomena begin after
the local release of inflammatory mediators and the activation of the
cells of the immune system or specific receptors in the peripheral
and central nervous system.

CONCLUSIONS: Tissue and neuronal lesions result in sensitiza-
tion of the nociceptors and facilitation of the central and peripheral
nervous conduction.

Key Words: PAIN: mechanisms, peripheral sensitization, central
sensitization.

INTRODUGAO

pesar de a Associagao Internacional para o Estudo da

Dor (IASP) ter definido a dor como uma sensacéo sub-
jetiva relacionada com uma lesao tissular, ha evidéncias
gue essa associacao possa nao ocorrer. A cefaléia e a dor
pélvica cronica, por exemplo, parecem existir sem lesao tis-
sular detectavel pelos métodos diagndsticos disponiveis na
pratica clinica atual, favorecendo a hipétese de que pode haver
alteracdes neurofuncionais restritas ao ambito biomolecular,
cuja interacao é pouco conhecida entre neuromediadores,
neurotransmissores e transdutores de sinais, em uma rede
de bilhdes de sinapses, o que dificulta a compreensao da
etiologia da dor '. Por outro lado, o trauma e a estimulagéo
do sistema nervoso periférico ou central também podem al-
terar as respostas imunes. Como conseqliéncia, observa-se
a ativacao de peptideos e receptores, com posterior traducéo
do sinal para o meio intracelular. Nesse contexto, o avango
no conhecimento da neuroanatomia das vias de condugéo,
da neurofarmacologia e da fisiopatologia da dor facilita o
desenvolvimento de pesquisas visando a novas modalidades
de tratamento. Assim, a analgesia efetiva para as sindro-
mes dolorosas ainda é um grande desafio.
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No Brasil 2 e em outros paises 34, 10% a 50% dos individu-
0s procuram clinicas-gerais por causa da dor %%. A dor esta
presente em mais de 70% dos pacientes que buscam os
consultérios brasileiros por motivos diversos, sendo a razao
de consultas médicas em um terco dos casos. Esse argu-
mento enfatiza a importancia da busca de elementos que
permitam uma melhor abordagem da dor aguda e cronica.
O objetivo desta revisao foi discutir a fisiopatologia da dor,
enfatizando os mecanismos periféricos e centrais da trans-
missao dolorosa.

MECANISMOS PERIFERICOS DA DOR

O primeiro passo na sequéncia dos eventos que originam
o fendmeno doloroso é a transformacéo dos estimulos agres-
sivos em potenciais de agao que, das fibras nervosas peri-
féricas, sao transferidos para o sistema nervoso central °.
Os receptores especificos para a dor estdo localizados nas
terminagdes de fibras nervosas Ad e C '®'" e, quando ati-
vados, sofrem alteragdes na sua membrana, permitindo a
deflagracéo de potenciais de agao.

As terminagbes nervosas das fibras nociceptivas Ad e C (no-
ciceptores) sao capazes de traduzir um estimulo agressivo
de natureza térmica, quimica ou mecanica, em estimulo elé-
trico que sera transmitido até o sistema nervoso central e
interpretado no cértex cerebral como dor. As fibras Ad sao
mielinizadas e as fibras C ndo sdo mielinizadas e possuem
a capacidade de transmitir estimulos dolorosos em diferen-
tes velocidades. As fibras A, em fungéo da presenca da bai-
nha de mielina, transmitem o estimulo doloroso de forma
rapida, enquanto as fibras C sao responsaveis pela trans-
missao lenta da dor. Ambas sao classificadas em subtipos
Ad1, Ad2, C1 e C2 (Tabela I). O tipo de fibra nociceptiva pa-
rece estar envolvido com alteragdes periféricas distintas nas

Tabela | — Subtipos das Fibras Nervosas Ad e C

Tipo de Fibra Caracteristicas

Fibras A$ tipo | Respondem a temperatura em torno de
52°C, sao insensiveis a capsaicina e
possuem resposta mediada pelos

receptores VRL-1

Fibras Ad tipo Il S&o sensiveis a temperatura em torno de
43°C, a capsaicina e ativam, via receptores
VR1, canais catidnicos nao-seletivos

permeaveis ao calcio

Fibras C tipo | Contém substancia P e CGRP e expressam
receptores tirocinase A, para o fator de
crescimento nervoso. Sao responsivas a

capsaicina e a protons

Fibras C tipo Il Expressam receptores purinérgicos P2X,
para adenosina e um grupo de carboidratos
de superficie, a a-D-galactose, capaz de
se ligar a lecitina IB-4, sensiveis

seletivamente a prétons
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diversas sindromes dolorosas, e podera, no futuro, contri-
buir para o tratamento mais eficaz da dor.

Os nociceptores, entdo, sao sensibilizados pela agéo de
substancias quimicas, denominadas algiogénicas, presentes
no ambiente tissular '?: acetilcolina, bradicinina, histamina,
serotonina, leucotrieno, substancia P, fator de ativacao
plaquetario, radicais &cidos, ions potassio, prostaglandinas,
tromboxana, interleucinas, fator de necrose tumoral (TNFo),
fator de crescimento nervoso (NGF) e monofosfato ciclico de
adenosina (AMPc) '#'5 (Figura 1).

Quando o estimulo provoca a lesao tecidual, ha o desenca-
deamento de processo inflamatério seguido de reparagéo.
As células lesadas liberam enzimas de seu interior, que no
ambiente extracelular degradam acidos graxos de cadeia
longa e atuam sobre os cininogénios, dando origem a for-
magcao de cininas. As cininas sdo pequenos polipeptideos
da o,-calicreina presente no plasma ou nos liquidos orga-
nicos. A calicreina € uma enzima proteolitica que é ativada
pela inflamagéo e outros efeitos quimicos ou fisicos sobre
0 sangue ou os tecidos. Ao ser ativada, a calicreina atua
imediatamente sobre a o,-globulina, liberando a cinina de-
nominada calidina, que é, assim, convertida em bradicinina
por enzimas teciduais. Uma vez formada, a bradicinina pro-
voca intensa dilatacdo arteriolar e aumento da permea-
bilidade capilar, contribuindo para a propagagéo da reagao
inflamatdria 1°.

Também, a acgdo da fosfolipase A na membrana celular pro-
voca a liberagéo de &cido araquiddnico. Este é metabolizado
por trés sistemas enzimaticos principais: a cicloxigenase,
de cuja atuagao obtém-se as prostaglandinas, os trom-
boxanos e as prostaciclinas; a lipoxigenase, que provoca a
produgéo de leucotrienos e lipoxinas; e o citocromo P-450,
que origina os denominados produtos da via da epoxige-

Histamina

TNF-o

beyotonina
Substancia P

Substancias

P Prostaglandinas
algiogénicas

Figura 1 — Liberagédo de Substancias Algiogénicas apds a Leséo
Tecidual
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nase. Essas substancias, sobretudo as prostaglandinas E,
(PGE,), promovem diminuig¢éo do limiar de excitabilidade
dos nociceptores 7.

Do mesmo modo, células inflamatdrias, macréfagos e leu-
cécitos liberam citocinas que vao contribuir para a migracao
de novas células para o local da lesédo. Ha producéo e libe-
racdo de interleucina-1 e 6, fator de necrose tumoral, selec-
tina, fatores quimiotaticos, 6xido nitrico e substancias
oxidantes. Novos receptores, entdo, sdo recrutados e pas-
sam a fazer parte do processo inflamatdrio. A substéancia P
e a neurocinina A produzem vasodilatacdo e aumento da
permeabilidade vascular, contribuindo também para a ma-
nutencao do processo inflamatdrio .

A bradicinina, a prostaglandina E2, o fator de crescimento ner-
voso (NGF) e as interleucinas, contudo, parecem exercer pa-
pel fundamental na nocicepgéo periférica. A prostaglandina
e a bradicinina causam alteragbes em receptores especifi-
cos (TRPV1) acoplados a canais i6nicos ligante-dependente
via ativagdo do AMPc, e das proteinas cinases A (PKA) e C
(PKC), reduzindo o tempo pds-hiperpolarizagdo da membra-
na neural, causando reducédo do limiar para disparo da fibra
nervosa.

As neurotrofinas aumentam a sintese, o transporte axonal
anterégrado e quantidade de SP e CGRP nas fibras C tipo 1
e reduzem a atividade do &cido gama-aminobutirico (GABA),
tanto nas terminagbes nervosas periféricas quanto nas cen-
trais. Ao lado disso, provocam mudangas nos receptores
vanildides (VR1) de fibras Ad acoplados a canais idnicos ligan-
te-dependente e acionam as proteinas cinases ativadas por
mitdgenos (MAPK) que podem fosforilar o AMPc e iniciar a
transcricdo genética responsavel por alteragdes fenotipicas, as
quais contribuem para a amplificacdo da eficacia sinaptica.
A persisténcia da agressdo causa modificagdes no sistema
nervoso periférico e sensibilizagdo de fibras nervosas, com
consequente hiperalgesia e aumento dos niveis de AMPc e
célcio nos nociceptores. Esse fendmeno ocorre por agao
dos mediadores inflamatérios e conseqliente atividade es-
pontanea dos neurdnios, aumento da resposta a estimulos
supraliminares e diminui¢do do limiar de ativacdo dos noci-
ceptores '¥2°, Um tipo particular de nociceptor é referido
como nociceptor silente, o qual é ativado apds inflamacgéo
ou depois de ter ocorrido lesdo tissular. As estimativas sao
de que 40% das fibras C e 30% das fibras Ad contribuem
com nociceptores silentes. Apds a liberagdo dos produtos
quimicos da lesao, esses receptores previamente silencio-
so0s sao ativados por estimulos térmicos e mecanicos e de-
senvolvem descargas esponténeas, tornando-se capazes
de responder de maneira intensa a estimulos nociceptivos
€ ndo-nociceptivos 222 (Figura 2).

Em resumo, a agresséo tecidual resulta na acumulacao de
metabdlitos do acido araquidénico. A produgao de prosta-
glandinas e de leucotrienos leva a degranulagdo de mas-
técitos e a ativagdo direta de fibras nervosas, macréfagos e
linfocitos. Ha liberagdo de mediadores, como potassio,
serotonina, substancia P, histamina e cininas. Ocorrem al-
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Figura 2 — Processo de Sensibilizagdo Periférica

teragdes na permeabilidade vascular, no fluxo sangiiineo
local e produgéo dos sinais classicos inflamatérios de ru-
bor, calor, dor, tumor e impoténcia funcional. Tem inicio o pro-
cesso de sensibilizagcdo periférica com conseqlente
exacerbacéo da resposta ao estimulo doloroso 2022,

Os neuromediadores periféricos levam a despolarizagéo da
membrana neural por tempo prolongado, com conseqiiente
aumento da condutividade dos canais de sodio e célcio e re-
ducéo do influxo de potassio e cloro para o meio intracelular.
Os canais de sddio estdo envolvidos na génese da hiperex-
citabilidade neuronal e podem estar e podem ser classifi-
cados em dois grandes grupos: os sensiveis a tetrodotoxina
(TTXs), que estdo presentes nas fibras A, em todo sistema
nervoso e no ganglio da raiz dorsal; e os resistentes a tetro-
dotoxina (TTXr), que sdo encontrados especialmente nas fi-
bras C do ganglio da raiz dorsal %.

Apesar de a lesdo periférica da fibra nervosa tipo C provo-
car redugao no corno dorsal da medula espinhal de SP, de
neurotrofinas (BDNF), de receptores (VR1 e P2X ), de canais
de célcio tipo N de alta voltagem, ha regulagcdo ascendente
de canais TTXs tipo Il e existe a translocagédo do corpo ce-
lular para o neuroma de canais de sodio (TTXr), facilitando
0 aumento da excitabilidade nervosa 24. O exposto aconte-
ce caso a fibra nervosa esteja intacta (inflamagéo), ou seja,
existe um aumento de neuromediadores excitatorios no cor-
no dorsal da medula espinhal e uma maior expresséo de
canais de sédio (TTXr), fato que facilita a hiperexcitabilidade
neuronal e dificulta a resposta ao tratamento com anesté-
sicos locais 4.

Também pode haver em ambas as situagdes descritas, so-
bretudo na leséo de fibras C, aumento de SP e BDNF nas
fibras AB (mecanorreceptores de baixo limiar), assim como
brotamento dessas no local das conexdes aferentes das fi-
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bras C (lamina Il), ampliando o campo receptivo do neurdnio
e facilitando a interpretagéo de estimulos mecanicos peri-
féricos indcuos como agressivos . Isso explica, por exemplo,
a alodinia mecénica que acontece na neuralgia pos-herpé-
tica 26, Outra possibilidade seria a do brotamento de axénio
noradrenérgico simpatico no ganglio da raiz dorsal, ao re-
dor de neurdnios de didmetro largo (fibras Ag), sugerindo a
hipétese da ativagéo de fibras aferentes sensitivas apds a
estimulagao simpatica 2. Além disso, pode existir alguma
desproporgéo entre as vias excitatorias e as de supressao
da dor, com reducdo da atividade inibitdria da glicina, da
GABA e dos opidides 2.

MECANISMOS CENTRAIS DA DOR

A transmissao dos estimulos nocivos através da medula
espinhal ndo é um processo passivo. Os circuitos intrame-
dulares tém a capacidade de alterar o estimulo e a conse-
quente resposta dolorosa. A interacdo entre esses circuitos
medulares determinard as mensagens que atingirédo o
cortex cerebral 2'.

Estudos clinicos e experimentais tém demonstrado que es-
timulos nocivos provocam alteragcées no sistema nervoso
central, modificando os mecanismos desencadeados pelos
estimulos aferentes. A estimulagéo persistente de nocicep-
tores provoca dor espontanea, redugédo do limiar de sensi-
bilidade e hiperalgesia. Esta pode ser classificada como
hiperalgesia primaria e secundaria. A hiperalgesia primaria
é conceituada como sendo o aumento da resposta ao esti-
mulo doloroso no local da lesdo, enquanto a hiperalgesia
secundaria é aquela que se estende para areas adjacentes.
A presenca de todos esses elementos sugere que a sen-
sibilizagéo periférica ndo é o unico fendbmeno responsavel
por todas essas mudancas e que deve haver envolvimento
do sistema nervoso central neste processo 212829,

A sensibilizagcao central implica alteragées dos impulsos
periféricos, com adaptagdes positivas ou negativas. Ocorre
reducdo do limiar ou aumento da resposta aos impulsos
aferentes, descargas persistentes apds estimulos repetidos
e ampliagdo dos campos receptivos de neurdnios do corno
dorsal.

Impulsos repetidos em fibras C amplificam sinais sensoriais
em neurdnios espinhais, enviando mensagens para o en-
céfalo 3. Lesbes periféricas induzem plasticidade em estru-
turas supra-espinhais por meio de mecanismos que
envolvem tipos especificos de receptores para o glutamato.
Apds a agressao tecidual ha liberagdo de neurotransmis-
sores, como substancia P, somatotastina, peptideo gene-
ticamente relacionado com a calcitonina, neurocinina-A,
glutamato e aspartato. Essas substancias estio relacionadas
com a ativacdo de potenciais pds-sinapticos excitatorios e
dos receptores N-metil-D-aspartato (NMDA) e nao-NMDA.
Estimulos freqlientes dos aferentes geram a somagéo dos
potenciais de acédo e conseqlente despolarizagédo pos-
sinapticas cumulativa. Depois da ativagao de receptores
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NMDA pelo glutamato ha remogéo do ion magnésio do in-
terior do receptor e o influxo de célcio para a célula, do que
resulta a amplificagdo e o prolongamento da resposta ao
impulso doloroso 31,

O aumento do calcio tem como consequéncia a ativagdo da
enzima oxido nitrico-sintetase e a estimulagéo da transcri-
¢ao de protoncogenes. Estes sdo genes localizados no sis-
tema nervoso central e estdo envolvidos na formacgao de
dinorfinas e encefalinas. As encefalinas tém agéo antinoci-
ceptiva e estdo envolvidas no processo de reducao da neu-
roplasticidade e hiperalgesia. Entretanto, as dinorfinas tém
um efeito complexo, j& que possuem agao algogénica e
antinociceptiva 323,

Estudos recentes tém sugerido que a ativagdo do c-fos e c-
jun promove a transcrigdo de RNA mensageiro responsavel
pela sintese de proteinas fundamentais, as quais estao en-
volvidas na alteragédo da expresséo fenotipica e, conseqlen-
temente, na perpetuacgdo da hipersensibilidade neuronal 2833
(Figura 3).

A sensibilizacdo do corno dorsal da medula espinhal pode
ser de diferentes modalidades: wind up, sensibilizagao sinap-
tica classica, potencializagdo de longo termo, fase tardia da
potenciacédo de longo termo e facilitagéo de longo termo 3.
A sensibilizacdo sinaptica classica é causada por uma se-
guéncia sincronizada de estimulos periféricos nociceptivos
repetidos por uma Unica estimulagédo nociceptiva assincrona,
aumentando a resposta de aferentes de fibras A e C (poten-
cializagdo homossinaptica) e de aferentes de fibras A ndo-es-
timulados (potenciagdo heterossinaptica). Isto é consequéncia
da liberagdo de aminoacidos excitatérios, peptideos e de
neurotrofinas no corno dorsal da medula espinhal 3.

Os aminodcidos excitatérios sdo representados pelo gluta-
mato e pelo aspartato e se ligam a receptores especificos
do tipo ionotrépico ou metabotrépico. Os receptores ionotro-
picos, ou receptores rapidos, sdo aqueles nos quais o lo-
cal de ligacao do neurotransmissor é parte integrante de
um canal iénico, enquanto os receptores metabotrépicos ou
receptores lentos séo ligados a proteina G. Dentre os recep-
tores para os aminodacidos excitatérios destacam-se o
AMPA, o cainato e o N-metil-D-aspartato (NMDA), que sao
ionotrépicos, e o receptor Mrglu, que tem a sua ag&o me-
diada pela proteina G, sendo portanto um receptor metabo-
tréopico. Os peptideos, a substancia P e o peptideo
geneticamente relacionado com a calcitonica (CGRP) ligam-
se as neurocininas do tipo NK-1 e NK-2, enquanto as
neurotrofinas possuem como receptores as tirocinases tipo
A e B (trkA, trkB).

Apds a liberagdo de aminoacidos excitatdrios, peptideos e
neurotrofinas e sua interagdo com receptores especificos,
ha a ativagao de segundos mensageiros, do tipo AMPc, PKA,
PKC, fosfotidilinositol, fosfolipase C, fosfolipase A, . Isto pro-
move a abertura de canais de calcio, e, conseqlientemen-
te, a produgao de prostaglandinas e 6xido nitrico. Estes
migram do intracelular em dire¢do a fenda sinaptica e cau-
sam a liberacdo de glutamato, aspartato, substancia P e
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Figura 3 — Sequéncia de Eventos que Levam a Sensibilizacdo dos Neurénios do Corno Dorsal apés Estimulagdo Nociceptiva Intensa e

Continuada. Ativagao intensa de neurdnios aferentes primarios estimula a liberagdo de glutamato (Glu) e substancia P (SP). O receptor
NMDA, em fungdo do papel do magnésio (Mg?*), é inicialmente ndo-responsivo ao Glu; mas seguindo a despolarizagdo do receptor AMPA
pelo Glu no receptor metabotrépico estimula a ativagdo de fosfolipase C (PLC) mediada pela proteina G, levando a hidrdlise e transformacéo
do 4,5-bifosfato de fosfatidilinositol (PIP,) em trifosfato de inositol (IP,) e diacilglicerol (DAG). O DAG estimula a produgéo de proteina cinase
C (PKC), a qual é ativada na presencga de elevados niveis de célcio (Ca*) intracelular. IP, estimula a liberagdo de calcio intracelular de
estoques intracelulares no reticulo sarcoplasmatico. PKC aumentada induz o sustentado aumento da permeabilidade da membrana e, em
conjuncao com o aumento do Ca? intracelular, leva ao aumento da expressdo de protoncogenes, como c-fos e c-jun. As proteinas
produzidas por esses protoncogenes codificam neuropeptideos como as encefalinas (EKN), dinorfinas (DYN) e taquicininas (TK). Esse
aumento também leva a ativacéo de fosfolipase A, (PLA,) e a ativacéo da sintese de ¢xido nitrico (NOS) por um mecanismo célcio-
calmodulina dependente. PLA, catalisa a convers&o de fosfatidilcolina (PC) para prostaglandina (PG), tromboxano (TX) e pela lipoxigenase
(LO) para produzir leucotrienos (LT). NOS catalisa a produgéo de proteina cinase e alteragdes na expressao genética. NO difunde-se
do interior da célula para o terminal do aferente primario, onde aumenta a liberagéo de glutamato.

CGRP, contribuindo para a ampliagdo do processo algico 3.
O wind up é o resultado da somacao de potenciais sinap-
ticos lentos ap6s estimulagcédo aferente repetida de baixa
freqliéncia, inferior a 5 Hz, e por tempo prolongado. Isto es-
timula a liberagdo de neurotransmissores excitatorios,
glutamato e aspartato, no corno dorsal da medula espinhal
e produz a despolarizagao relacionada com a remocéao do
blogueio voltagem-dependente exercido pelo magnésio nos
receptores NMDA. Ocorre, entdo, aumento da condutividade
ao calcio e a resposta a dor, a cada estimulo repetido e da
mesma intensidade 3¢.
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A potencializagéo de longo termo, embora mais estudada no
hipocampo e nas areas corticais, pode ser decorrente de se-
gléncia de estimulos nociceptivos breves e de alta freqién-
cia. Isso provocaria a ativagcao de receptores AMPA e NK1 e de
canais de calcio, ocorrendo resposta pds-sindptica prolonga-
da e excitatdria, sobretudo em neurdnios da lamina | ¥,

Os mecanismos que contribuem para o aumento da efica-
cia da transmissédo sinaptica seriam decorrentes da fosfo-
rilacdo dos receptores de membrana e das alteragdes do
tempo de abertura dos canais i6nicos, ou da formagéo e do
transporte de substancias excitatérias do interior da célula
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para a fenda sinaptica. Além disso, no corno dorsal da me-
dula espinhal, as proteinocinases ativadas por mitégenos
(MAPK) modulam a fosforilagdo dos receptores NMDA e
AMPA, amplificando a resposta nociceptiva .

A facilitacdo de longo termo envolve a ativacédo de fatores de
transcricdo e alteragdes na transcrigao. Os fatores de trans-
cricdo modulam a relagdo entre o complexo receptor-
neuromediador e as alteragdes na expressdo génica *.

O estimulo nociceptivo aciona a mesma cascata de recepto-
res e segundo mensageiros descritos para a sensibilizagdo
sinaptica classica; contudo, também provoca a expressao de
genes de formagéo imediata c-fos (B,C,D), c-jun, de enzimas
COX-2 e de genes de resposta lenta que codificam a pro-
dinorfina, o receptor NK1 e a trkB no corno dorsal da medu-
la espinhal. Ocorre regulagdo ascendente das vias para
sintese de citocinas, quimiocinas e moléculas de adesao.
Assim, ha mudanca fenotipica no ganglio da raiz dorsal “.

RESPOSTAS SEGMENTARES E SUPRA-SEGMENTARES
ADOR

As fibras nociceptivas cruzam a linha média no nivel do corno
dorsal da medula espinhal e ascendem pelos tratos espi-
notalamicos, espinorreticular, espinomesencefalico, coluna
dorsal pds-sinaptica e sistema espinopontoamigdaliano.
Algumas dessas fibras terminam no nucleo taldmico
ventroposteromedial (VPM) e depois ascendem para o cortex
cerebral somestésico (S1 e S2), coértex insular e cingular
anterior. Outros neurdnios projetam axdnios para o hipota-
lamo, formacao reticular, substancia cinzenta periaquedutal,
nucleo medial e intratalamico, e estruturas encefalicas an-
teriores que séo responsaveis pelas respostas neuroen-
ddcrinas e emocionais a dor .

A ativacao de fibras nociceptivas periféricas provoca migra-
¢ao retrograda de fator de crescimento nervoso (NGF) para
a medula espinhal e induz resposta segmentar reflexa, com
transporte anterégrado de substancia P para a periferia,
ocasionando vasodilatagdo, aumento da permeabilidade
vascular, atracdo de células do sistema imune para o local
da lesédo e degranulacdo de mastécitos com liberagdo de
diversos neuromediadores. Desse modo, a substancia P
ajuda na manutencgéo e na expansdo do processo inflama-
tério para o campo receptivo de fibras nervosas adjacentes
a area lesada, constituindo a hiperalgesia secundaria “2.
Por outro lado, as fibras adrenérgicas, além de contribuirem
com o processo supracitado, aumentam a sensibilidade de
fibras nociceptivas a agéo de bradicinina. Potencializam es-
ses efeitos, 0 vasoespasmo e o espasmo muscular, reflexos
que proporcionam liberagdo de radicais acidos e, conse-
quentemente, a reducdo do limiar “para disparos” da fibra
nociceptiva “.

Do ponto de vista da resposta supra-segmentar, a pessoa
com dor crbnica parece apresentar possivel inabilidade de
aumentar a secregdo de horménios do eixo hipotalamo-
hipofisario e adrenal ou amplificando a resposta simpatica
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ao lidar com o estresse fisico e emocional. Isso repercute
nos niveis de secrecdo do cortisol, da adrenalina, da nora-
drenalina, do horménio do crescimento (GH), dos tireoidianos
e dos gonadais, tornando o sistema de defesa hipoativo.
Esse modelo tenta explicar a fibromialgia ou a dor miofascial;
nessas doencgas, € possivel que acontegca aumento da se-
crecdo hipotalamica de CRH com regulagdo descendente
dos receptores na hipdfise, niveis elevados de ACTH e bai-
xos de cortisol, e resisténcia periférica a agdo do cortisol .
O eixo hipotalamo-hipofisario parece interagir, entdo, com o
processo doloroso em varios niveis ou estagios. A ausén-
cia de glicocorticéide pode: 1) diminuir a conversédo do
glutamato, neurotransmissor excitatério, para glutamina,
aumentando a neurotoxicidade do glutamato no sistema
nervoso central; 2) aumentar a produgéo de fator de cresci-
mento nervoso (NGF) e da substancia P; e 3) aumento da
producgéo de citocinas e, conseqlientemente, de NGF 4.

A lesdo do tecido e do neurdnio resulta em sensibilizagdo
de nociceptores e facilitagdo da conducgao nervosa periféri-
ca e central. O estudo desses mecanismos podera elucidar
em um futuro préximo meios para o diagndstico e o trata-
mento de sindromes dolorosas agudas e cronicas.

Pain: Current Aspects on Peripheral
and Central Sensitization

Anita Perpétua Carvalho Rocha, M.D.; Durval Campos
Kraychete, TSA, M.D.; Lino Lemonica, TSA, M.D.; Lidia Raquel
de Carvalho, M.D.; Guilherme Antdnio Moreira de Barros,
TSA, M.D.; Jodo Batista dos Santos Garcia, TSA, M.D.; Rioko
Kimiko Sakata, TSA, M.D.

INTRODUCTION

Although the International Association for the Study of Pain
(IASP) defined pain as a subjective sensation related to
tissue injury, there is evidence that this association might
not occur. Headache and chronic pelvic pain, for example,
seem to exist without tissue damage that can be detected by
the diagnostic methods currently available, favoring the
hypothesis that there can be neurofunctional changes res-
tricted to the biomolecular level, with the little known inte-
raction among neuromediators, neurotransmitters, and
signal transducers in a network of billion of synapses, ma-
king it difficult to understand the etiology of pain '. On the
other hand, trauma and stimulation of the peripheral or cen-
tral nervous system can also change immune responses. As
a consequence, peptides and receptors are activated,
followed by the translation of the signal to the intracellular
environment. In this context, advances in the knowledge of
the neuranatomy of conduction pathways, neuropharma-
cology, and pathophysiology of pain facilitate the development
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of research on new treatment modalities. Thus, effective
analgesia for painful syndromes is still a great challenge.
In Brazil 2 and in other countries 3#, 10% to 50% of the people
seek clinics to treat their pain *2. In Brazil, pain is present in
over 70% of the patients who seek medical attention for
several reasons, and is the main reason for the medical visit
in one third of the cases. This argument stresses the impor-
tance of searching for elements that could lead to a better
approach of acute and chronic pain.

The aim of this review was to discuss the pathophysiology
of pain, emphasizing the peripheral and central mechanisms
of pain transmission.

PERIPHERAL PAIN MECHANISMS

The first step on the sequence of events that originate the
painful phenomenon is the transformation of aggressive
stimuli in action potentials that are transmitted from the
peripheral nerve fibers to the central nervous system °.
Specific pain receptors are located at the nerve endings of
Ad and C nerve fibers ' and, when they are activated, there
are changes in their membranes, allowing the deflagration
of the action potentials.

Nerve endings of nociceptive Ad and C fibers (nociceptors)
are capable to translate an aggressive thermic, chemical, or
mechanical stimulus into an electrical stimulus that will be
transmitted to the central nervous system and interpreted in
the cerebral cortex as pain. The A$ fibers are myelinated while
C fibers are non-myelinated; therefore, they are capable of
transmitting painful stimuli at different speeds. Due to the
presence of the myelin shaft, Ad fibers transmit the painful
stimulus fast, while C fibers are responsible for the slow
transmission of pain. Both are classified as subtypes Ad1,
A2, C1, and C2 (Table I). The type of nociceptive fiber seems

Table | — Subtypes of A and C Fibers

Fiber Type Characteristics

Type | Ad fibers Respond to temperatures of about 52°C,
they are not sensitive to capsaicin and
their response is modulated by VRL-1

receptors

Type Il Ad fibers Sensitive to temperatures of about 43°C,
activated by capsaicin, and activate,
through VR1 receptors, non-selective

cationic channels permeable to calcium

Contain substance P and CGRP and
express thyrokinase A receptors for the
nerve growth factor. They respond to
capsaicin and protons

Type | C fibers

Type Il C fibers Express purinergic P2X, receptor for
adenosine and a group of surface
carbohydrates, a-D-galactose, capable of
binding lectin IB-4, and have selective

sensitivity to protons
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to be related to distinct peripheral changes on the different
painful syndromes and could, in the future, contribute for a
more effective pain treatment.

The nociceptors are then sensitized by the action of chemical
substances, known as angiogenic, present in the tissue envi-
ronment 2; acetylcholine, bradykinin, histamine, serotonin,
leukotriene, substance P, platelet activating factor, acid ra-
dicals, potassium ions, prostaglandins, thromboxane, inter-
leukins, tumor necrosis factor (TNFa), nerve growth factor
(NGF), and cyclic adenosine monophosphate (CAMP) 1¥5 (Fi-
gure 1).

When the stimulus causes tissue injury, the inflammatory
process is triggered, which is followed by repair. Damaged
cells release their enzymes that, once in the extracellular
environment, degrade long chain fatty acids and act on kini-
nogens, originating the kinins. Kinins are small polypeptides
of a,-calicrein present in the plasma or body fluids. Kallikrein
is a proteolytic enzyme activated by inflammation and other
chemical or physical effects on blood or tissues. Once
activated, kallikrein works immediately on the o.,-globulin,
liberating the kinin called kallidin that is then converted in
bradykinin by tissue enzymes. Once formed, bradykinin cau-
ses intense dilation of the arterioles and increases capillary
permeability, contributing to the dissemination of inflam-
mattion €.

The action of phospholipase A on the cell membrane causes
the release of arachidonic acid, which is metabolized by
three enzymatic systems: cyclooxigenase that originates
prostaglandins, thromboxanes, and prostacyclins; lipoxige-
nase that induces the production of leukotrienes and lipoxins;
and P-450 cytochrome that originates the products of the
epoxigenase pathway. These substances, especially pros-
taglandins E, (PGE,), decrease the excitability threshold of
nociceptors . Inflammatory cells, macrophages, and leu-

TNF-o

Se&rotonin
Substance P

Algogenic

substances Prostaglandins

Figure 1 — Release of Algogenic Substances After Tissue Injury
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cocytes release cytokines that contribute to the migration of
new cells to the site of injury. There is production and relea-
se of interleukins 1 and 6, tumor necrosis factor, selectin,
chemotactic factors, nitric oxide, and oxidizing substances.
New receptors are then recruited, and participate in the
inflammatory process. Substance P and neurokinin A cause
vasodilation and increase vascular permeability, which also
for maintaining the inflammatory process 1.

However, bradikinin, prostaglandin E2, nerve growth factor
(NGF), and interleukins seem to be fundamental in periphe-
ral nociception. Prostaglandin and bradykinin cause changes
in specific receptors (TRPV1) attached to ligand-dependent
ion channels through the activation of cAMP and protein
kinases A (PKA) and C (PKC), reducing the post-hyperpo-
larization time of the neural membrane, and decreasing the
triggering threshold of the nervous fiber.

Neurotrophins increase the synthesis, anterograde axonal
transport, and the amount of SP and CGRP in type 1 C fibers,
and reduce the activity of gamma-aminobutyric acid (GABA),
both in peripheral and central nerve endings. They also
cause changes in the vanilloid receptors (VR1) of Ad fibers
attached to ligand-dependent ion channels and trigger pro-
tein kinases activated by mitogens (MAPK) that can phospho-
rilate cAMP and initiate the genetic transcription responsible
for phenotypic changes that contribute to the increase in
synaptic efficacy.

If the aggression is persistent, it leads to changes in the
peripheral nervous system and sensitizes nerve fibers, with
consequent hyperalgia and increase in the levels of cAMP
and calcium in the nociceptors. This phenomenon is secon-
dary to the action of inflammatory mediators and consequent
spontaneous activity of neurons, increase in the response to
suprathreshold stimuli, and reduction of the activation
threshold of nociceptors '®2°. An especial type of nociceptor,
known as silent nociceptor, is activated after inflammation or
after tissue injury. It is estimated that 40% of C fibers and
30% of AJ fibers contribute with silent nociceptors. After the
release of chemical products in the lesion, these receptors,
previously silent, are activated by thermal and mechanical
stimuli, developing spontaneous discharges, being capable
of an intense response to nociceptive and non-nociceptive
stimuli 222 (Figure 2).

In short, tissue injury results in accumulation of arachidonic
acid metabolites. The production of prostaglandins and leuko-
trienes leads to the degranulation of mast cells and direct
activation of nerve fibers, macrophages and lymphocytes.
Mediators, such as potassium, serotonin, substance P,
histamine, and kinins are released. There are changes in
vascular permeability, local blood flow, resulting in the
classical signs of inflammation, like erythema, increased
temperature, edema, and functional impotence. The process
of peripheral sensitization is initiated with the consequent
exacerbation of the response to the painful stimulus 222,
Peripheral neuromediators prolong the depolarization of the
neural membrane, with the consequent increase of sodium
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Figure 2 — Process of Peripheral Sensitization

and calcium channels conductivity, and a decrease in the
influx of potassium and chloride.

Sodium channels are involved in the genesis of neuronal
hyperexcitability and can be classified in two large groups:
those sensitive to tetrodotoxin (TTXs), present in Ad fibers, in
the entire nervous system, and in the dorsal root ganglion;
and those resistant to tetrodotoxin (TTXr), found especially in
C fibers of the dorsal root ganglion 2. Although the peripheral
lesion of C fiber decreases SP, neurotrophins (BDNF),
receptors (VR1 and P2X,), and high-voltage type N calcium
channels in the dorsal horn of the spinal cord, there is
upregulation of type Ill TTXs channels, and sodium channels
(TTXr) are translocated from the cell body to the neuroma,
facilitating the increase in nervous excitability 2. This
happens if the nerve fiber is intact (inflammation), i.e., there
is an increase in excitatory neuromediators in the dorsal
horn of the spinal cord and greater expression of sodium
channels (TTXr), which facilitates neuronal hyperexcitability
and hinders the response to the treatment with local
anesthetics 4.

In both situations described, especially in the lesion of C
fibers, there can also be an increase in SP and BDNF in Ad
fibers (low threshold mechanoreceptors), as well as budding
of those at the connections of afferent C fibers (lamina 1),
increasing the receptive field of the neuron and facilitating the
interpretation of harmless stimuli as aggressive 2. This
explains, for example, the mechanical allodynia that occurs
in post-herpetic neuralgia %. Other possibility would be the
budding of sympathetic noradrenergic axons at the dorsal
root ganglion, around large diameter neurons (Ad fibers),
suggesting the hypothesis of activation of afferent sensitive
fibers after the sympathetic stimulation #. Besides, there can
also be a disproportion between excitatory and pain sup-
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pressing pathways, with a decrease in the inhibitory activity
of glycine, GABA, and opioids 2*.

CENTRAL PAIN MECHANISMS

The transmission of noxious stimuli in the spinal cord is not
a passive process. Intraspinal circuits have a capacity to
change both the stimulus and painful response. The inte-
raction among the intramedullary circuits determines which
messages will reach the cerebral cortex 2'.

Clinical and experimental studies have demonstrated that
noxious stimuli cause changes in the central nervous
system, which modify the mechanisms triggered by afferent
stimuli. Persistent stimulation of nociceptors causes spon-
taneous pain, reduces the sensitivity threshold, and causes
hyperalgesia. This can be divided in primary and secondary
hyperalgesia. Primary hyperalgesia is defined as the in-
creased response to the painful stimulus at the site of injury,
while secondary hyperalgesia is the extension of that res-
ponse to adjacent areas. The presence of all of those ele-
ments suggests that peripheral sensitization is not the only
phenomena responsible for them, and that the central ner-
vous system must be involved in this process 2282,
Central sensitization implies changes in peripheral impul-
ses, with positive or negative adaptations. There is a reduction
in the threshold or an increase in the response to afferent
impulses, persistent discharges after repeated stimuli, and
widening of the receptive fields of dorsal horn neurons.
Repeated impulses in C fibers amplify sensorial signals in
spinal neurons, sending messages to the brain 3. Periphe-
ral lesions induce plasticity in supraspinal structures through
mechanisms that encompass specific types of gluatamate
receptors. Neurotransmitters, such as substance P, soma-
tostatin, peptide genetically linked to calcitonin, neurokinin A,
glutamate, and aspartate are released after tissue injury.
These substances are connected to the activation of exci-
tatory post-synaptic potentials, and of N-methyl-D-aspartate
(NMDA) and non-NMDA receptors. Frequent stimulation of
afferent fibers generates a summation of action potentials
and the consequent cumulative pos-synaptic depolarization.
After activation of NMDA receptors by glutamate, the ion
magnesium is removed from the receptor, leading to the
influx of calcium into the cell, amplifying and prolonging the
response to the painful stimulus 3°31,

The increase in calcium concentration leads to activation of
nitrous oxide synthase and stimulation of the transcription of
protooncogenes. These genes are located in the central
nervous system, being involved in the formation of dinorphins
and enkephalins. Enkephalins are antinociceptive and
connected to the reduction of neuroplasticity and hyperal-
gia %238 However, dinorphins have a complex mechanism of
action, since they have algogenic and antinociceptvie actions.
Recent studies have suggested that the activation of f-fos
and c-jun promotes the transcription of the messenger RNA
responsible for the synthesis of fundamental proteins invol-
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ved in changing the phenotypic expression, and the conse-
quent perpetuation of neuronal hypersensitivity 8% (Figure 3).
The sensitization of the dorsal horn of the spinal cord can be
of several modalities: wind up, classical synaptic sensiti-
zation, long-term potentiation, late phase of the long-term
potentiation, and long-term facilitation 3.

The classical synaptic sensitization is caused by a synchro-
nized sequency of repeated peripheral nociceptive stimuli for
one asynchronous nociceptive stimulus, increasing the
afferent response of Ad and C fibers (homosynaptic potentia-
tion) and the afferent response of non-stimulated AP fibers
(heterosynaptic potentiation). This is a consequence of the
release of excitatory amino acids, peptides, and neurotro-
phins in the dorsal horn of the spinal cord .

Excitatory amino acids, represented by glutamate and as-
partate, bind to specific ionotropic or metabotropic receptors.
In ionotropic, or fast, receptors the neurotransmitter binding
site is an integral part of an ion channel, while metabotropic,
or slow, receptors are bound to protein G. Among the recep-
tors for excitatory amino acids, we should mention AMPA,
cainate, and N-methyl-D-aspartate (NMDA), that are ionotro-
pic, and the Mrglu receptor, whose action is mediated by
protein G, making it a metabotropic receptor. Peptides, subs-
tance P, and calcitonin gene-related peptide (CGRP) bind to
neurokinins type NK-1 and NK-2, while neurotrophins bind
to thyrokinases types A and B (trkA and trkB) receptors.

After the release of excitatory amino acids, peptides, and
neurotrophins and their binding to specific receptors, there
is activation of second messengers, such as cAMP, PKA,
PKC, phosphatidylinositol, phospholipase C, and phospho-
lipase A,. This opens the calcium channels and, conse-
quently, the production of prostaglandins and nitrous oxide,
which migrate from the intracellular environment to the sy-
naptic cleft and cause the release of glutamate, aspartate,
substance P, and CGRP, contributing to the amplification of
the painful process 3.

Wind up is the summation of slow synaptic potentials after
repeated low frequency, below 5 Hz, stimulation of the
afferent fibers for a prolonged time. This triggers the release
of excitatory neurotransmitters, glutamate, and aspartate in
the dorsal horn of the spinal cord and produces depola-
rization secondary to the removal of the voltage-dependent
blockade caused by the presence of magnesium in NMDA
receptors. There is an increase in calcium conductivity and
response to pain to each repeated stimulus of the same
intensity %.

Although long-term potentiation is better known in the hippo-
campus and cortical areas, it may be the result of a sequence
of short, high frequency nociceptive stimuli. This would
activate AMPA and NK1 receptors and calcium channels,
leading to the prolonged, excitatory post-synaptic response,
especially in the neurons in lamina | .

The mechanisms that contribute to the increased efficacy of
synaptic transmission would be the result of phosphorylation
of membrane receptors and changes in the opening time of
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Figure 3 — Sequence of Events that Lead to Sensitization of the Neurons in the Dorsal Horn After Intense and Continuous Nociceptive Stimulation.

The intense activation of primary afferent neurons triggers the release of glutamate (Glu) and substance P (SP). Due to the role of
magnesium (Mg*?), the NMDA receptor is not responsive to Glu initially; but the depolarization of AMPA receptors by the presence of Glu
in the metabotropic receptor activates phospholipase C (PLC), which is mediated by protein G, causing hydrolysis and transformation of
phosphatidyilinositol 4,5-biphosphate (PIP,) in inositol triphosphate (IP,) and diacylgyicerol (DAG). Diacylglycerol stimulates the production
of protein kinase C (PKC), which is activated in the presence of elevated intracellular calcium (Ca*?) levels. Inositol triphosphate stimulates
the release of calcium from intracellular storage sites in the sarcoplasmic reticulum. The increase in PKC induces the sustained increase
in membrane permeability and, along with an increase in intracellular Ca*?, increases the expression of protooncogenes, such as c-fos
and c-jun. The proteins produced by these protooncogens encode neuropeptides, such as enkephalins (EKN), dinorphins (DYN), and
tachykinin (TK). This increase also leads to the activation of phospholipase A, (PLA,) and activation of the nitric oxide synthetase (NOS)
by a calmodulin-dependent mechanism. Phospholipase A, catalyzes the conversion of phosphatidilcholine (PC) to prostaglandin (PG), and
thromboxane (TX) and to produce leukotrienes (LT) by lypoxigenase (LO). Nitric oxide synthetase catalyzes the production of protein kinase
and leads to changes in the genetic expression. Nitric oxide diffuses from the intracellular environment to the terminal of the primary afferent
where it increases the release of glutamate

ion channels, or the formation and transport of excitatory
substances from the cell to the synaptic cleft. Besides, pro-
teinokinases activated by mitogens (MAPK) in the dorsal
horn of the spinal cord modulate the phosphorylation of
NMDA and AMPA receptors, amplifying the nociceptive res-
ponse 3.

Long-term facilitation involves the activation of transcription
factors and changes in transcription. Transcription factors
modulate the relationship between the receptor-neurome-
diator complex and changes in gene expression .
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The nociceptive stimulus triggers the same receptor cascade
and second messengers described previously for the clas-
sical synaptic sensitization, but it also triggers the expres-
sion of immediate early genes c-fos (B, C, D), c-jun, COX-2
enzymes, and slow response genes that encode pro-
dinorphin, NK1 receptor, and trkB in the dorsal horn of the
spinal cord. There is upregulation of the pathways for the
synthesis of cytokines, chemokines, and adhesion mole-
cules. This causes phenotypic changes in the dorsal root
ganglion “0.
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SEGMENTAR AND SUPRA-SEGMETAR RESPONSES
TO PAIN

Nociceptive fibers cross the midline at the level of dorsal
horn of the spinal cord and ascend through the spinotha-
lamic, spinoreticular, and spinomesencephalic tracts, post-
synaptic posterior column, and spino-ponto-amigdala
system. Some of those fibers end at the ventroposteromedial
thalamic nucleus (VPM) and ascend posteriorly to the so-
mesthesic (S1 and S2) cerebral cortex, insular cortex, and
posterior cingular cortex. Other neurons project their axons
to the hypothalamus, reticular formation, periaqueductal gray
matter, medial and intrathalamic nucleus, and anterior brain
structures responsible for the neuroendocrine and emotional
responses to pain .

The activation of peripheral nociceptive fibers leads to re-
trograde migration of nerve growth factor (NGF) to the spinal
cord and induces reflex segmental response with antero-
grade transport of substance P to the periphery, causing
vasodilation, increase in vascular permeability, attraction of
cells of the immune system to the site of injury, and degra-
nulation of mast cells and the release of several neuro me-
diators. Thus, substance P helps the maintenance and
expansion of the inflammatory process to the receptive field
of nerve fibers adjacent to the site of injury, constituting the
secondary hyperalgia .

On the other hand, adrenergic fibers contribute not only to
the process described above but also increase the sensi-
tivity of nociceptive fibers to bradykinin. Vasospasm, muscu-
lar spasm, reflexes that trigger the release of acid radicals
and, consequently, reduce the discharge threshold for noci-
ceptive fibers, potentiate those effects “.

In supra-segmental response, the individual with chronic
pain seems to have a possible inability to increase the
secretion of the hypothalamus-pituitary-adrenal axis hormo-
nes or increase the sympathetic response when dealing with
physical and emotional stress. This is reflected on the in-
creased levels of cortisol, adrenaline, noradrenaline, growth
hormone (GH), and thyroid and gonadal hormones, decrea-
sing the activity of the defense system. This model tries to
explain fibromyalgia or myofascial pain; it is possible that
there is an increase in the hypothalamic secretion of CRH
with down regulation of receptors in the pituitary, increased
levels of ACTH and low levels of cortisol, and peripheral
resistance to cortisol .

The hypothalamus-pituitary axis seems to interact with the
painful process in several levels or stages. The absence of
glucocorticoids can: 1) decrease the conversion of glutama-
te, an excitatory neurotransmitter, to glutamine, increasing the
neurotoxicity of glutamate in the central nervous system; 2)
increase the production of nerve growth factor (NGF) and
substance P; and 3) increase the production of cytokines
and, consequently, of NGF .

Tissue and neuronal injury result in sensitization of noci-
ceptors and facilitate peripheral and central nervous systems
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conduction. The study of those mechanisms may, in the fu-
ture, elucidate ways to diagnose and treat acute and chronic
pain syndromes.
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RESUMEN

Rocha APC, Kraychete DC, Lemonica L, Carvalho LR, Barros GAM,
Garcia JBS, Sakata RK — Dolor: Aspectos Actuales de la Sensibili-
zacion Periférica y Central.

JUSTIFICATIVA Y OBJETIVOS: Las recientes investigaciones se
han centrado en la plasticidad bioquimica y estructural del sistema
nervioso proveniente de la lesion tisular. Los mecanismos involu-
crados en transicion del dolor agudo para crénico son complejos
e involucran la interaccion de sistemas receptores y el flujo de iones
intracelulares, sistemas de segundo mensajero y nuevas cone-
Xiones sindpticas. El objetivo de este articulo fue discutir los nuevos
mecanismos que envuelven la sensibilizacion periférica y central.

CONTENIDO: La lesion tisular provoca un aumento en la respuesta
de los nociceptores, llamada sensibilizacion o facilitacion. Esos fend-
menos empiezan después de la liberacion local de mediadores
inflamatorios y de la activacion de células del sistema inmune o de
receptores especificos en el sistema nervioso periférico y central.

CONCLUSIONES: Las lesiones del tejido y de las neuronas

resultan en una sensibilizacion de nociceptores y en la facilitacion
de la conduccion nerviosa central y periférica.
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