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Resumo

Os conhecimentos actuais sobre a morfologia e a topografia dos terminais axonais
sensitivos da laringe que medeiam a interaccao entre irritantes no lume respiratorio e o sistema
nervoso e dos terminais motores responsaveis pela actividade dos musculos intrinsecos sao
escassos e, em alguns estudos, contraditorios. Além das funcdes sensitiva e motora,
desconhece-se o papel destas terminacoes nervosas na etiologia de algumas patologias da
laringe cuja base pode ser neurogénica bem como de terapéuticas dirigidas a este tipo de
disturbios. Os objectivos deste trabalho consistiram, por um lado, no estudo da morfologia das
fibras sensitivas da mucosa da laringe que contém os neuropeptideos Substancia P (SP) e
Peptideo Relacionado com o Gene da Calcitonina (CGRP), do possivel papel destas moléculas na
etiologia de patologias da laringe e na avaliacdo de novas potencialidades terapéuticas dai
resultantes; adicionalmente, ao nivel dos terminais motores, a sua morfologia e distribuicdo foi
estudada ndo s6 no Homem mas também noutros mamiferos e em espécies de outras classes
de vertebrados com diferentes capacidades de vocalizacdo, com o objectivo de explorar novas
hipoteses de abordagem terapéutica na etiologia de patologias das cordas vocais.

Neste trabalho mostra-se pela primeira vez que as fibras sensitivas intra-epiteliais da
laringe projectam para o lume da via respiratoria, terminando ao nivel da camada mucociliar. Foi
desenvolvido um modelo experimental de laringite neurogénica baseado na entubacao
nasogastrica (ENG). Neste modelo, verificou-se um aumento da presenca de infiltrado celular
inflamatorio na laringe, acompanhado pela libertacdo de CGRP e SP das fibras sensitivas
terminais, aumento da expressdo da enzima Cicloxigenase-2 (COX-2) e de citocinas pré-
inflamatdrias e reducdo na expressao de citocinas anti-inflamatorias. Adicionalmente,
demonstramos que a administracdo por periodos curtos do inibidor especifico da COX-2
Etoricoxibe produzia actividade anti-inflamatoria no modelo ENG, reduzindo a expressdo de COX-
2 e da citocina pré-inflamatéria factor de necrose tumoral-alfa (TNF-a); este facto sugere que
farmacos inibidores especificos da COX-2 poderdo ser utilizados no tratamento da laringite, ja
que apresentam menos efeitos secundarios aerodigestivos do que os farmacos utilizados
actualmente, nomeadamente os anti-inflamatorios nao esteroides classicos (AINEs), inibidores
nao selectivos das isoformas COX-1 e COX-2. A inducao prolongada da laringite neurogénica

também revelou uma diminuicdo da expressdo dos supressores tumorais p53 e pl6, o que faz
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supor um ambiente mais favoravel ao desenvolvimento de eventuais lesdes pré-neoplasicas em
laringes expostas a agentes cancerigenos conhecidos como, por exemplo, o fumo do tabaco e o
alcool.

O estudo da distribuicdo das placas motoras (PMs) nos musculos intrinsecos da laringe,
através da deteccao histoquimica da enzima acetilcolinesterase, revelou dois padrées distintos:
um em que as PMs se distribuem de modo difuso, € encontrado em espécies com maiores
capacidades de vocalizacdo como a humana (PMs mais concentradas no terco médio), certas
aves e em alguns batraquios; pelo contrario, em mamiferos como o coelho e o rato, espécies
que revelam capacidades limitadas para variar a emissao de sons, a distribuicao limitava-se a
uma regiao em “banda” situada a meio da distancia entre as duas extremidades de insercao dos
musculos. Este aspecto revelou-se interessante, dado que a anatomia macroscépica da laringe e
do préprio sistema nervoso central nestes mamiferos é mais parecida com a humana do que a
das aves ou batraquios.

As conclusdes obtidas pelos trabalhos que constituem esta tese foram: (i) as fibras
sensitivas na mucosa laringea do rato podem atravessar o epitélio e atingir o nivel da camada
mucociliar, justificando a importancia da hidratacdo para que estas se encontrem menos sujeitas
a irritacdo externa; (i) os neuropeptideos presentes nestas fibras medeiam a laringite
neurogénica desencadeada por um modelo experimental desenvolvido no presente trabalho; (iii)
a laringite pode ser em parte revertida por um farmaco (Etoricoxibe) com menos efeitos adversos
aerodigestivos relativamente aos AINEs tradicionais; (iv) durante a inducdo prolongada de
laringite verifica-se uma diminuicao da expressao de supressores tumorais, o que pode facilitar o
desenvolvimento de lesdes potencialmente neopldsicas; (v) a distribuicdo das placas
neuromusculares pelos musculos vocais de diferentes espécies de mamiferos e classes de
vertebrados indica que uma maior versatilidade na capacidade vocal parece estar associada a
uma maior distribuicdo das placas motoras ao longo das fibras musculares; (vi) a maior
concentracao de placas na regido central dos musculos vocais no Homem podera permitir a
aplicacao terapéutica mais especifica de farmacos em patologias das cordas vocais. Estudos
futuros, a desenvolver a partir dos dados recolhidos pelos trabalhos incluidos nesta tese, deveréo

explorar as potencialidades terapéuticas entreabertas pelos modelos animais aqui desenvolvidos.
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Abstract

The present knowledge on the morphology and topography of laryngeal axonal terminals of
sensitive fibres relaying the interaction between airway lumen irritants and the nervous system,
and on the motor terminals that mediate the activity of the laryngeal intrinsic muscles are scarce
and contradictory. Besides their sensitive and motor functions, the role of these nervous endings
in the aetiology of some pathologies of the larynx that can be neurogenic is unknown, as well as
the therapeutics driven to this type of pathologies. The aims of this work were the morphological
analysis of the main sensitive fibres of the laryngeal mucosa (C-fibres), which contain the
neuropeptides Substance P (SP) and Calcitonin Gene Related Peptide (CGRP) as main mediators,
and the possible function of these molecules in the aetiology of laryngeal pathologies.
Consequently, we evaluate new therapeutic approaches. Concerning the study of laryngeal motor
terminals (neuromuscular junctions), their distribution and morphology were analysed in
humans, in other mammals (rat and rabbit) and in other classes of vertebrates with different
vocalization capacities, also to evaluate new hypothesis on therapeutic approaches for the
ethiology of vocal cord pathologies.

We demonstrate for the first time that intraepithelial laryngeal sensitive fibres project to the
lumen of the larynx at the level of the mucociliar layer. We have also created a new model of
neurogenic laryngitis based on nasogastric intubation (NGI). In this model we show a decrease in
the levels of fibres immunoreactive for CGRP and SP, possibly due to peptide release,
accompanied by a strong increase in the laryngeal expression of Cycloxygenase-2 (COX-2) and
pro-inflammatory cytokines, as well as a decrease in the expression of anti-inflammatory
cytokines. On the other hand, we show that the COX-2 inhibitor Etoricoxib has an anti-
inflammatory effect in this laryngitis by reducing the expression of COX-2 and the putative pro-
inflammatory marker TNF-a. This suggests that selective COX-2 inhibitory drugs may be studied
in the future as an alternative treatment of laryngitis, due to their smaller adverse side effects at
the aero-digestive level, when compared with common non-specific non-steroidal anti-
inflammatory drugs (NSAIDs). The persistent induction of neurogenic laryngitis also reveals a
decrease in the expression of the most important molecules with tumoral suppressor functions

(p53 and p16). These data suggest the development of local tissue conditions for the induction of
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pre-neoplasic and eventually neoplasic lesions in larynxes exposed to factors known to be
cancerous as, for example, tobacco smoke or alcohol.

The study of the distribution of motor plates in the intrinsic muscles of the larynx reveals
two different patterns: a diffuse one in species with larger vocalization capacities, as in humans,
some birds and batrachians, although with a higher concentration in the middle third in the case
of humans; and another with a distribution of motor end plates limited to a "band" located at the
middle distance between the two insertion points of muscle fibres, in species that reveal limited
capacities to emit different frequencies, as in mammals like the rabbit and the mouse. This
aspect was interesting, given that the macroscopic anatomy of the larynx and brain in these
mammals is more similar to humans than to birds or batrachians. In terms of clinical relevance,
the concentration of motor end plates in the middle third of vocal cords suggests that the
selective application of drugs at this level in the laryngeal muscle may improve the treatment of
some motor pathologies of the larynx.

The studies included in the present thesis allowed the following conclusions: (i) the
sensitive fibres along the rat laryngeal mucosa can terminate at the mucociliar level, which
highlights the need for mucosa hydration to avoid stimulation by external irritants; (ii) the
neuropeptides present in these fibres mediate the neurogenic laryngitis induced by the NGI
model; (iii) this laryngitis can be partly reverted by a drug with less aero-digestive side effects
(Etoricoxib); (iv) a prolonged laryngeal inflammatory process induces a decrease in the
expression of tumoral suppressors, which may facilitate the development of potentially neoplasic
conditions; (v) the distribution of motor end plates along the vocal muscles of different mammal
and vertebrate species show that a larger vocal capacity seems to be associated with a diffuse
distribution pattern of motor plates along muscle fibres; (vi) the larger concentration of motor
plates in the middle third of human vocal cord muscles may underlay several pathologies of the
cords. Overall, future studies obtained from the basic experimental models developed in this

thesis should explore the clinical potential targets suggested by these animal studies.
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1. INTRODUCAO

1.1. Enquadramento conceptual

A morfologia e o papel dos terminais nervosos sensitivos nos mecanismos
fisiopatologicos e terapéuticos da laringe sdo ainda pouco conhecidos. A estimulacdo dos receptores
presentes nestes terminais pode por vezes desencadear respostas reflexas graves, que podem
resultar inclusivamente em paragem cardiorrespiratoria (Widdicombe e Lee, 2001; Mort, 2004). Por
outro lado, o aumento da mortalidade nas unidades de cuidados intensivos estd muitas vezes
relacionado com a aspiracdo de secrecoes (Gomes et al, 2003), desempenhando neste caso a

enervacao laringea um papel fundamental de defesa na sobrevivéncia do organismo.

Um fenomeno essencial em que as fibras sensitivas periféricas estdo implicadas é na
neuroinflamacao, cujo processo patologico foi ja estudado em varios tecidos (Craft et al, 2005;
Ransohoff et al, 2007). Mais recentemente, a relacao entre fendmenos inflamatdrios prolongados e o
cancro tem sido demonstrada por um numero crescente de estudos em diversos 06rgaos,
nomeadamente nos pulmdes e no esofago (Lagorce et al, 2003; Blanco et al, 2007). Assim, &
possivel que os terminais nervosos das fibras sensitivas periféricas da laringe sejam ndo so
imprescindiveis para a funcao laringea como possam, também, estar na base de diversas patologias.
Deste modo, o estudo aprofundado da enervacao sensitiva podera constituir um foco de investigacéo
de alternativas terapéuticas ao nivel laringeo. No entanto, no que se refere a laringe propriamente
dita, o papel dos terminais sensitivos no desenvolvimento da inflamacdo ou do cancro ¢é, até ao

momento, desconhecido.
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Relativamente aos terminais motores periféricos, a sua activacao desencadeia todos os
movimentos laringeos, nomeadamente a degluticdo, a respiracdao e a fonacdo. Conhecer a sua
distribuicao nos musculos da laringe reveste-se de especial importancia, nao s6 para a compreensao
destas funcdées como também das patologias subjacentes ao seu mau funcionamento (Blitzer et al,
1986). Estes conhecimentos poderdo ser importantes para a analise de novas aplicacdes
terapéuticas, nomeadamente através da administracdo mais adequada de farmacos em patologias
que estejam directamente relacionadas com a distribuicado destes terminais nervosos nos musculos

laringeos.

1.2. ENERVACAO SENSITIVA DA LARINGE

1.2.1. Troncos nervosos principais

O principal nervo responsavel pela enervacdo sensitiva da laringe é o nervo vago, embora
algumas fibras dos nervos glossofaringeo e trigémio possam também estar envolvidas (Widdicombe
et al, 1986). Os ramos do nervo vago que transportam fibras aferentes laringeas sao, principalmente,
0 ramo interno do nervo laringeo superior €, em menor percentagem, o nervo recorrente (Canning et
al, 2004; Gray, 2005). As fibras do nervo laringeo interno enervam a mucosa laringea até ao nivel
das cordas vocais através do seu ramo superior e apresentam os corpos celulares do 1° neuroénio ao
nivel do ganglio superior (jugular). Abaixo da regido glética e da traqueia, as aferéncias sensitivas sao
conduzidas por fibras resultantes de anastomoses de fibras do ramo inferior do nervo laringeo
superior interno com fibras do nervo recorrente, as quais possuem os pericarios situados no ganglio
inferior (nodoso) (Canning et al, 2004; Gray, 2005). Todas estas aferéncias laringeas projectam
centralmente para o nucleo do tracto solitario do tronco cerebral (Lucier et al, 1986; Patrickson et al,

1991; Mrini e Jean, 1995; Gestreau et al, 1997; Ambalavanar et al, 2004). Foi demonstrada ainda a
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presenca de algumas aferéncias da mucosa laringea para pequenos grupos de neuronios localizados
no nucleo dorsal do vago (Hayakawa et al, 2001). Nos mecanismos reflexos, as fibras do tracto
solitario estabelecem conexdes com neuronios motores do nucleo ambiguo do bolbo raquidiano,

nomeadamente durante a degluticao (Jean, 2001).

1.2.2. Fibras e terminais periféricos

No que diz respeito aos receptores sensitivos, sabe-se que a sua localizacao € intra-
epitelial, correspondendo a terminacdes nervosas livres das fibras periféricas e a gomos gustativos
(Widdicombe, 1986; Yoshida et al, 2000; Nishijima e Atoji, 2004). Desta forma, exceptuando os
gomos gustativos, a activacdo destes receptores, dada a sua localizacdo, exige a difusdo de
moléculas através da membrana citoplasmatica das células epiteliais e/ou dos complexos juncionais

gue unem as porcoes apicais das membranas laterais das células epiteliais.

Nas vias respiratorias altas, as fibras sensitivas periféricas sdo amielinicas tipo C ou
mielinicas tipo A® (Widdicombe, 1995; Tsuda et al, 1998; Undem et al, 2004; Mazzone, 2005). As
principais fibras envolvidas na nocicepcao sao as fibras C amielinicas. Estas contém como principais
moléculas dois neuropeptideos, o Peptideo Relacionado com o Gene da Calcitonina (CGRP) (Tanaka
et al, 1993; Hauser-Kronberger et al, 1997) e a Substancia P (SP) (Hisa et al, 1985). As neurocininas
A e B também podem também estar presentes, mas assumem menor importancia (Bauman et al,
1998). A SP e CGRP estdo implicadas na inducdo e desenvolvimento de processos inflamatérios
neurogénicos noutros tecidos (Kopp et al, 2002). No entanto, nenhum modelo experimental foi
desenvolvido na laringe para avaliar se algum mecanismo neurogénico estaria envolvido na resposta

inflamatoria. E interessante verificar que, apesar do elevado numero de casos clinicos de laringite
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aguda ou crénica, nao existem na literatura modelos animais experimentais que permitam estudar

estas patologias em detalhe.

1.2.3. Inflamacao neurogénica

Um modelo experimental capaz de induzir laringite neurogénica devera originar:

a) Libertacdo dos neuropeptideos CGRP e SP da periferia de terminacdes nervosas
livres das fibras sensitivas para o tecido circundante, apds estimulacdo ndxica mecanica ou quimica
transduzida num sinal eléctrico por receptores localizados na membrana citoplasmatica das fibras

(Figura 1; Irwin et al, 2000).

Lume Estimulos mecanicos e quimicos

Epitélio

Fibras A3 FiI-Jras C Y
&

4.—-"'

Nervo Vago

Figura 1. As fibras sensitivas de localizacdo intraepitelial sdo amielinicas (fibras C) e mielinicas AD,
mas os peptideos libertados localmente no processo de inflamacédo neurogénica (SP e CGRP)

localizam-se nas fibras C (adaptado de /rwin et al, 2000)
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A SP libertada nos tecidos periféricos causa extravasamento plasmatico mediado pelos receptores
Neurocinina-1 (NK-1), enquanto a CGRP é um poderoso vasodilatador que contribui também para o
edema tecidular desencadeado pela SP. Deste modo, a SP e CGRP contribuem para o reforco da
cascata inflamatéria dos tecidos inflamados (Vera-Portocarrero e Westlund, 2004) e para a
sensitizacao periférica implicada em fendmenos de cronificacao dolorosa (Figura 2; Mantyh e Yaksh,
2001). Deve ser salientado que, para além da accdo neurogénica periférica, a libertacdo de CGRP e
SP estd também implicada nos mecanismos de sensitizacdo central, ja que os neurdnios sensitivos
aferentes primarios responsaveis pelas ramificacdes axonais na periferia emitem também um

prolongamento para o sistema nervoso central (Mantyh e Yaksh, 2001) (Figura 2).

Hiperalgesia Inflamacao
(sensitizacao) neurogénica

astrocitos

= Mediadores
GLU e Ca™ inflamatorios

5P
CGRF Proteasas

S 2
~ err Neuronios E Célula
) primarios aferentes Inflamat.
Medula G sensitivos

. PAR
espinal (proteases)

f Mic Ogl a,
NPADA-T

Figura 2. Apds estimularem os respectivos receptores, os neuropeptideos CGRP e SP activam a
enzima cicloxigenase (COX) induzindo a producdo de prostaglandinas (PG) quer na periferia quer
ao nivel da sinapse central. Em ambas as terminacdes axonais do neurdnio aferente primario, as

PG induzem a libertacdo de mais peptideos (sensitizacdo) (adaptado de Mantyh e Yaksh, 2001)

b) Os peptideos (SP e CGRP) estimulam os respectivos receptores (NK-1 e CGRP-R),
activam as enzimas cicloxigenases (COX) responsaveis pela producdo de prostaglandinas (PG), as

quais por sua vez potenciam a libertacao de SP e CGRP através de mecanismos como a activacao da
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via adenilciclase-AMPciclico e o0 aumento do influxo de Ca* através de canais de calcio dependentes

da voltagem (Vanegas e Schaible, 2001; Geppetti et al, 2005) (Figura 3).

A. Spinal cord synaptosomes B. DRG cells in culture
Spinal cord slices

PGE; Pe0:

PGE, —

Ca

PGl

C. Spinal cord fragments
gg; — 5(GluRel)—, NMDAR D ecal mi is

'y

‘ Ca
POF s - l allodynia

PGD, NOS PGE, —* | Glu, Asp release
GABA, Gly, Tau Rel.

NO

Figura 3. Esquema representando diversos mecanismos pelos quais as prostaglandinas, através
da activacdo dos seus receptores na membrana citoplasmatica dos terminais axonais sensitivos
periféricos, podem contribuir para o processo inflamatdrio neurogénico. Aumenta a entrada de Ca>
(A, B) e a activacao da via adenilciclase-AMPc (B), facilita a libertacdo de CGRP e SP (B), além de
facilitar a libertacdo de Oxido Nitrico (C) e de diversos neurotransmissores (D) (adaptado de

Vanegas e Schaible, 2001)

c) Os neuropeptideos CGRP e a SP podem modificar a libertacdo de outros mediadores
da inflamacdo, nomeadamente citocinas pro-inflamatorias [interleucina 1 (IL-1 B e o Factor de
Necrose Tumoral-alfa (TNF-a)] ou anti-inflamatdrias (IL-10) (Peters et al, 2006) (Figura 4). Por outro
lado, as citocinas pré-inflamatorias IL-1[3, IL-6 e TNF-a facilitam a libertacdo de SP e da CGRP dos
terminais das fibras sensitivas periféricas (Nicole et al, 1997; Inoue et al, 1999) e induzem as células
a libertarem Prostaglandinas (Coutaux et al, 2005), contribuindo para o mecanismo de retro-

alimentacao positivo do ciclo inflamatoério neurogénico (Figura 4).
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Figura 4. Os peptideos CGRP e SP interferem na producdo de varias citocinas, quer nas que
exercem uma accao pré-inflamatoria como as interleucinas IL-1 e TNF, quer anti-inflamatdria (IL-

10), completando o ciclo da inflamacao neurogénica (adaptado de Pefers et al., 2006)

Nao foi encontrado descrito na literatura um Unico modelo experimental animal
especialmente desenhado para induzir laringite neurogénica, mesmo utilizando substancias como o
fumo do tabaco ou o alcool; no entanto, sdo bem conhecidos clinicamente os efeitos destas
substancias sobre a laringe. Por outro lado, a entubacao nasogastrica (ENG) é usada na generalidade
da pratica clinica médica e cirurgica, inclusivamente nos cuidados intensivos adultos ou pediatricos
(Gomes et al, 2003). Embora clinicamente a ENG provoque laringite (Friedman et al, 1981),
provavelmente devido ao refluxo faringo-laringeo ou ao traumatismo indirecto da mucosa laringea,
nao existe até ao momento nenhum modelo animal baseado nesta técnica que permita avaliar os

possiveis efeitos secundarios resultantes da sua utilizacao; entre estes, o papel do refluxo faringo-
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laringeo, do tipo de laringite associada e da eventual etiologia neurogénica ou ainda a possivel relacao

entre o refluxo e o cancro da laringe (Koufman, 1991; Cammarota et al, 2004; Galli et al, 2006).

1.2.4. Terapéutica da inflamacao

Os farmacos utilizados actualmente em patologias inflamatérias da laringe (Laringite) sdo
0s corticosterdides e os anti-inflamatorios nao esterdides (AINEs) inibidores néo selectivos das duas
isoformas da enzima Cicloxigenase (COX-1 e COX-2). Entre estes ultimos, os mais utilizados incluem
o Ibuprofeno e o Acido Acetilsalicilico. Estes AINEs, assim como os corticoides, apesar de serem
frequentemente utilizados na terapéutica da laringite, acabam por agravar a médio prazo a patologia
devido aos efeitos secundarios adversos a nivel aerodigestivo.

Entre os efeitos colaterais mais frequentes e graves associados com os AINEs
convencionais encontram-se as lesdes agudas gastrointestinais, nomeadamente o risco de ulceracao
e perfuracao gastrica, cuja incidéncia aumenta 3 a 4 vezes nos utilizadores habituais (Buttgereit et al,
2001). Sabe-se que, apos a estimulacao do receptor NK-1, a SP induz a producao de prostaglandinas
inflamatorias (PGE,) através do aumento da enzima COX e a CGRP potencia este fendmeno
reforcando o processo inflamatério (Meggs, 1993; Schmelz e Petersen, 2001; Richardson e Vasko,
2002; Lacroix, 2003; O Conner et al, 2004). No que concerne as duas isoformas da COX, COX-1
esta intimamente implicada na prevencdo de erosdes e Ulceras devido ao facto de ser constitutiva e
exercer um papel fundamental na manutencao da arquitectura glandular do estémago (Lipsky et al,
2000). Esta accdo desenvolve-se através da producdo de prostaglandinas citoprotectoras,
nomeadamente a PGE, e a PGIl,, as quais sdo responsaveis pela manutencdo da integridade da
mucosa gastrica e pela reducdo da producao de acido, aumentando a producao de bicarbonato e

melhorando o fluxo sanguineo na mucosa digestiva (Eckmann et al, 1997; Buttgereit et al, 2001). Ao
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contrario da COX-1, a COX-2 encontra-se expressa principalmente no local da lesdo, onde se
desenvolve um processo inflamatdrio (Koki et al, 2002). Assim, os AINEs convencionais, nao
selectivos das COX (inibem a COX-1 e a COX-2), ao inibirem em parte a accao da COX-1, apresentam
efeitos secundarios aerodigestivos; os inibidores especificos da COX-2 (coxibes), ao inibirem a COX-2,
tratam a patologia em causa nao inibindo a producdo das prostaglandinas constitutivas do tubo
digestivo. Dois grandes ensaios clinicos, envolvendo cerca de 8000 doentes (VIGOR e CLASS),
concluiram que os inibidores selectivos da COX-2 reduziam entre 40 a 60% as complicacdes
gastrointestinais, embora também se tenha verificado que o efeito “poupador” da COX-2 nao era
completo quando se administravam altas dosagens de coxibes (Fitzgerald e Patrono, 2001).

Em relacédo ao uso de corticdides, verifica-se também o mesmo tipo de complicacoes a
nivel digestivo que os AINEs comuns, neste caso devido ao aumento da secrecao acida induzida pela
estimulacdo da bomba de protdes K:/H: (Ng et al, 1991; O "Neil et al, 1992; Wang et al, 1996). No
que diz respeito aos efeitos secundarios a outros niveis, os inibidores da COX-1 e COX-2 nao
apresentam diferencas significativas relativamente a insuficiéncia renal; no entanto, no que concerne
a problemas cardiovasculares, alguns estudos revelaram-se contraditorios, pelo que é discutivel a
existéncia de um eventual efeito mais nefasto sugerido por algum destes inibidores especificos das
COX. (Koki et al, 2002; Curtis et al, 2006; Gislason et al, 2006; Joshi et al, 2007; Spalding et al,
2007).

Apesar da evidéncia acumulada de que os AINEs inibidores especificos da COX-2
apresentam menos efeitos secundarios aerodigestivos, o potencial terapéutico associado a esta
caracteristica nunca foi explorado nas diversas patologias do foro respiratério. Para que este interesse
potencial se revele é necessario que a COX-2 seja expressa nas laringites e, simultaneamente, ndo se
verifiqgue aumento da expressdo da COX-1. No entanto, que seja do nosso conhecimento, a expressao

da COX-2 quer na mucosa normal quer em casos de laringite nunca foi avaliada em qualquer modelo
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experimental, tal como nunca foi estudada a utilizacdo de farmacos inibidores selectivos da COX-2

nestas patologias.

1.2.5. Inflamacao crénica e cancro

A relacdo patogénica entre a inflamacéo crénica e o cancro tem sido estabelecida em
diversos 6rgaos ou sistemas. Estudos recentes relacionaram a inflamacdo cronica em vias
aerodigestivas com o carcinoma do estdmago, do esofago ou do pulmao (Philip et al, 2004;
Schottenfeld e Beebe-Dimmer, 2006; Ben-Baruch, 2006). Ha cerca de uma década que se sabe que
0s tumores esofagicos, gastricos e colo-rectais expressam altos niveis de COX-2, ao contrario das
mucosas normais que apresentam niveis baixos ou indetectaveis desta isoforma da Cicloxigenase
(Warner e Mitchell, 2004). Niveis elevados de COX-2 induzem proliferacdo celular através do aumento
da expressdo do Factor de Crescimento Epitelial (EGF) e de determinadas Cinases da Ciclina (Warner
e Mitchell, 2004; Ohtani et al, 2004), Outro dos mecanismos pro-neoplasicos exercidos pela COX-2
consiste na inducao da adesao da matriz extracelular das células tumorais, levando a uma maior
resisténcia a apoptose das células malignas e ao aumento da viabilidade tumoral, condicdo que
mostrou ser reversivel apos a associacdo de inibidores da COX-2 (Dubois et al, 1998). Efectivamente,
os inibidores da COX-2 revelaram recentemente um efeito potencial no tratamento de varios cancros
como o do pulmao, célon, prostata e mama (Harris et al, 2007). Estes dados levantam a hipétese do
envolvimento da COX-2 na progressdo e disseminacdo neoplasica em diversos 6rgados. Nestes
tumores, a COX-2 é responsavel pelos altos niveis de PGE, a qual parece promover o
desenvolvimento tumoral inibindo a actividade supressora neoplasica e estimulando a proliferacao de
células epiteliais (Sjodahl et al, 2001). No caso do tumor da prostata, a producdo aumentada de PGE,

favorece a angiogénese associada as células tumorais e, consequentemente, a progressao do cancro
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(Myers et al, 2001). Também no caso da Polipose Adenomatosa Familiar, um inibidor especifico da
COX-2 (Celecoxib) foi aprovado pela FDA ha cerca de sete anos como adjuvante no tratamento da
doenca (Steinbach et al, 2000). Além da COX-2, outras moléculas, nomeadamente o Factor de
Necrose Tumoral (TNF) como promotor tumoral (Arnott et al, 2002; Szlosarek et al, 2006), bem
como os inibidores do ciclo celular P16, P21 e P53 como supressores tumorais (Koch et al, 1996;
Mitchell et al, 2003; Perez-Ordofiez et al, 2006), alteram a sua expressao nas lesdes pré-neoplasicas
e neoplasicas. A diminuicdo da expressdo dos supressores tumorais pode contribuir para o
desenvolvimento de tumores em varios 6rgaos ou sistemas (Serrrano, 1997; Warnakulasuriya et al,
1998; Polsky et al, 2001; Voorhoeve e Agami, 2003; Ohtani et al, 2004; Furth et al, 2006). Tal
acontece porque, na auséncia do supressor, a expressao de certas Cinases da Ciclina aumenta e,
consequentemente, a fosforilacdo do gene do retinoblastoma ocorre a mais facilmente induzindo as

células a entrarem em mitose (Ohtani et al, 2004) (Figura 5).

G/

Sinais mitogénicos

2N A

CycD
CDK4| |CDK6 CDK2

Fase GO Fase G1 Fase S

Figura 5. Os supressores tumorais pl6 e p21 sdo fundamentais para evitar que as cinases da
ciclina (CDK2, CDK4, CDK®6) iniciem o processo de mitose nas células em GO quando estas sao

submetidas a stress tecidular (adaptado de Ohtani et al, 2004)
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No que concerne ao cancro da laringe, embora a relacdo com factores como a
exposicao ao fumo do tabaco, o consumo de bebidas alcoodlicas e a determinados virus e agentes
toxicos esteja perfeitamente estabelecida, nao existe consenso relativamente a outros factores
inflamatdrios crénicos, nomeadamente os resultantes do refluxo gastroesofagico (Galli et al, 2006).
Relativamente ao cancro laringeo e a terapéutica com coxibes, os estudos realizados até ao momento
foram realizados apenas /n vifro (Ding et al, 2005) e, no que diz respeito a relacdo com a expressao
da COX-2, os estudos sao recentes e escassos (Kourelis et al, 2007). Para estabelecer a possivel
ponte entre laringite e cancro laringeo, além de avaliar alteracdes da expressao de marcadores como
a COX-2 e o TNF-a, é importante conhecer também a variacdo da expressdo de moléculas
supressoras tumorais como o p16 e o p53. No entanto, os estudos em modelos experimentais a este

nivel, no que respeita a laringe, sao inexistentes.

1.3. ENERVACAO MOTORA DA LARINGE

1.3.1 Troncos nervosos principais

Para funcbes reflexas como a tosse, a degluticdo e a respiracdo, as juncoes
neuromusculares ou placas motoras (PM) presentes nos musculos da laringe correspondem aos
terminais motores de fibras provenientes de motoneuronios localizados no nucleo motor do vago do
tronco cerebral ou na parte caudal do nucleo ambiguo (Gray, 2005). Para funcdes voluntarias como a
vocalizacao, 0s neurdnios situam-se mais superiormente na substancia cinzenta periaquedutal do
mesencéfalo e no nucleo retroambiguo, conforme demonstrado em modelos experimentais (Zang et
al, 1995). No homem, este circuito mediado pelo tronco cerebral parece estar relacionado com
emocdes como o choro ou o riso, mas tera menos importancia na regulacao de outras expressoes

voluntarias como a voz e o discurso. Em estudos realizados no macaco, verificou-se a existéncia de
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conexdes neuronais que dependem do controlo cortical, principalmente do cortex motor laringeo
(porcao terminal inferolateral do cortex primario adjacente a fissura de Sylvius) (Simonyan e Jlrgens,
2002; 2005b). Estes neuronios estabelecem ligacdes com diferentes nucleos subcorticais (Simonyan
e Jirgens, 2003; 2005a), o que revela um elevado grau de complexidade no comando motor da
laringe. Os axonios destes neurénios subcorticais percorrem por sua vez oS nervos laringeos
recorrentes e enervam todos os musculos intrinsecos da laringe excepto o cricotiroideu, o qual €
enervado pelo ramo externo do nervo laringeo superior. Para a funcdo laringea normal é necessario
que exista uma perfeita interaccdo entre os sistemas cortical e subcortical (Ludlow, 2005). No
entanto, alguns estudos indicam a presenca de projeccoes directas de neurdnios do cortex, através
de vias corticobulbares, para os musculos laringeos através dos nervos recorrentes (Cracco et al,

1990; Maccabee et al, 1991; Ludlow, 2005).

1.3.2. Placas motoras

Para a compreensdo das funcdes habituais da laringe e dos mecanismos implicados na
vocalizacao é importante conhecer a distribuicao dos terminais nervosos, correspondentes as juncdes
neuromusculares, nos musculos intrinsecos da laringe (Figura 6). A juncdo neuromuscular
corresponde a sinapse entre a porcado terminal de uma ramificacdo axonal do neurénio motor e a PM
da célula muscular que é estimulada (figura 6) e a unidade motora é constituida por todas as fibras
musculares (células musculares) enervadas pelas ramificacdes axonais de um neuronio motor
(Hirsch, 2007). A estimulacdo do neurdnio de uma unidade motora resulta na contraccéo de todas as
células musculares que este enerva. Deste modo, musculos delicados que exigem uma grande
variedade de movimentos tém unidades motoras com menos fibras por neurénio (por exemplo, 0s

musculos da mimica facial ttm menos de 10 fibras musculares enervadas por cada neurénio motor),
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enquanto que em alguns musculos dos membros inferiores mais de 2000 fibras podem ser
enervadas por cada motoneuronio (Gray, 2005). Cada fibra muscular, por sua vez, pode ser enervada
por um numero variavel de PMs: pode ocorrer apenas uma PM localizada na regiao média da fibra
muscular (uni-motora) — o que corresponde a generalidade das fibras musculares dos mamiferos; ou
podem ser varias PMs distribuidas difusamente ao longo do comprimento da fibra (multi-motoras) —
situacdo menos frequente, presente no ser humano em musculos especificos como os musculos
extrinsecos do olho ou intrinsecos da laringe (Rosen et al, 1983; Périé et al, 1997; Khanna et al,
2003; Sheppert et al, 2003). Deste modo, quanto maior o numero de placas e de neuronios a

estimular uma fibra, maior sera a variabilidade e a capacidade de controlo da contraccdo dessa

mesma fibra.
Musculos da Laringe PM - Placas motoras

ct - cricotiroideu (rato), g - glético (galo) (termir}ais nas fibras musculares)

B i e |

Figura 6. Laringe e respectivos musculos cricotiroideu (ct) do rato (A) e glético (g) do galo (B) e os
terminais motores neuromusculares que correspondem as placas motoras (PM) de um musculo
esquelético (C) (Barra de ampliacdo: A- 2mm, B- 6mm, C- 20um) (A, C - imagens adaptadas de Pars-

Clemente e Lima-Rodrigues, 1996).

1.3.3. Distribuicao das placas motoras nos misculos vocais dos vertebrados

Relativamente a vocalizacdo e a origem da voz, sabe-se que mamiferos como os

primatas, com uma anatomia mais semelhante a humana nao sao capazes de produzir ou “imitar”

palavras, ao contrario de outros vertebrados como algumas aves (ex: papagaio), apesar de estes
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possuirem uma anatomia cerebral e laringea claramente distinta do ser humano. Além disso, sabe-se
que o orgao e os musculos responsaveis pela producao dos sons diferem nas diferentes classes de
vertebrados; no caso dos mamiferos, répteis e anfibios € a laringe, através das cordas vocais, o érgao
responsavel por esta funcédo, enquanto nas aves a vocalizacdo é desempenhada por uma estrutura
subtraqueal especializada, a siringe e 0os musculos associados (George e Berger, 1966). Por ultimo, a
cartilagem tiréide esta presente na laringe dos mamiferos mas ausente noutros vertebrados, sendo o
musculo correspondente ao tiroaritenoideu nestes designado por cricoaritenoideu (George e Berger,
1966; Storer et al, 1979; Kardong, 2002). Actualmente, o conhecimento da producao vocal nas
diferentes classes animais e da enervacdo fina dos mdusculos vocais esta ainda muito pouco
desenvolvido (Fitch, 2000) sendo necessarios estudos comparativos entre os diferentes grupos de
espécies ao nivel do aparelho vocal.

Como as PM transmitem o estimulo para a contraccdo das fibras musculares e a
contraccao de cada fibra e do musculo vai depender do numero de PM envolvidas, a analise da sua
distribuicdo ao longo dos musculos vocais, nao sé no ser humano como noutras espécies de
mamiferos e em outros vertebrados, ¢ importante para compreender a enervacao motora periférica
da laringe. De facto, considerando as funcdes habituais desempenhadas pelos musculos
tiroaritenoideu (esfincter glético e fonacdo nos mamiferos), cricoaritenoideu (esfincter glotico e
fonacdo nos anfibios, fonacdo nos mamiferos e esfincter glotico nas aves) e pelos musculos siringeos
(fonacdo nas aves), a distribuicdo das PM nas fibras destes deverd elucidar sobre as diferentes
capacidades de vocalizacdo nestas classes de vertebrados. Contudo, existem muito poucos estudos
comparativos sobre a distribuicdo das placas motoras nos musculos vocais dos vertebrados. No que
diz respeito aos mamiferos, além do homem, somente dois estudos se debrucaram sobre a
distribuicdo da enervacdo nas fibras dos musculos laringeos no rato (Pais-Clemente e Lima-

Rodrigues, 1996; Inagi et al, 1998); além destes, ndo se conheciam estudos sobre a anatomia do
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controlo nervoso das fibras musculares da laringe ou da siringe de outros mamiferos ou outros
vertebrados, nomeadamente aves ou anfibios. Apesar dos musculos cricoaritenoideu e tiroarinoideu
serem muito importantes na producao dos sons através do encerramento glético (Greene, 1989;
Gray, 2005), a distribuicdo das PM nestes musculos no Homem ainda é motivo de discussao; alguns
autores referem uma distribuicao difusa ao longo dos musculos, sem nenhuma organizacéo especial
(Rosen et al, 1983; Périé et al, 1997), outros descrevem que as PM ocupam praticamente apenas os
dois tercos centrais das cordas vocais (Rossi e Cortesina, 1965a; 1965b), enquanto um 3° grupo de
estudos apresenta uma distribuicao das PM difusa por todo o musculo, mas com maior densidade no
terco médio (Pais-Clemente e Lima-Rodrigues, 1996; Sheppert et al, 2003).

Uma razao clinica potencial para se efectuar a analise cuidada da enervacdo motora
periférica da laringe no ser humano, é no bloqueio da transmissao neuromuscular para o tratamento
de diversas disfonias, nomeadamente na disfonia espastica através, por exemplo, da aplicacao
selectiva de injeccdes de toxina botulinica (Blitzer et al, 1986; Castellanos et al, 1994; Zalvan e
Blitzer, 2004). De facto, actualmente estas injeccdes ndo tém em consideracdo as possiveis
variacoes na distribuicao das PMs ao longo dos respectivos musculos, nomeadamente os musculos
vocais, muitas vezes por desconhecimento da real densidade e distribuicdo das mesmas. Finalmente,
outro aspecto clinicamente relevante diz respeito a possivel relacéo entre a distribuicdo das PMs e
determinadas patologias, como os nddulos das cordas vocais devido a possivel correlacdo entre a
variabilidade na concentracdo de placas motoras e a zona da corda vocal onde sdo mais frequentes
0s nddulos. Em resumo, o melhor conhecimento da real distribuicao das PMs podera permitir o

tratamento mais selectivo de patologias do foro motor no aparelho vocal.
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Capitulo 2

Objectivos e Metodologia
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2. OBJECTIVOS E METODOLOGIA

Tendo em consideracdo que os estudos existentes sobre enervacao periférica (sensitiva e

motora) fina da laringe sdo escassos, o objectivo geral da presente dissertacdo foi estudar a

morfologia e distribuicdo dos terminais axonais sensitivos e das placas motoras na laringe e

desenvolver modelos experimentais que permitissem nao s6 aprofundar o conhecimento de

patologias laringeas como lancar as bases de novas terapéuticas potenciais. O trabalho compreende

4 estudos completos e um estudo preliminar e utilizou o Rato como animal de experiéncia, tendo o

estudo n°® 5 utilizado outras espécies de vertebrados para efeitos comparativos.

1.

Para determinar o padrdo da enervacao sensitiva periférica da laringe as fibras da mucosa
laringea foram identificadas com técnicas imunocitoquimicas utilizando anticorpos primarios
contra os peptideos CGRP (Peptideo Relacionado com o Gene da Calcitonina) e SP
(Substancia P), os dois principais neuromediadores utilizados pelos nervos sensitivos finos. A
distribuicdo das fibras sensitivas marcadas imunorreactivas para a CGRP e SP e dos
respectivos botdes axonais e en passant foi analisada ao longo do epitélio e lamina propria
das diferentes zonas da mucosa laringea apos tratamento histolégico e corte seriado das

laringes (Capitulo 4.1).

Para avaliar o papel dos terminais sensitivos na génese de inflamacéo (laringite neurogénica)
desenvolveu-se no rato um modelo experimental baseado na entubacao nasogastrica (ENG).
O objectivo geral deste estudo foi caracterizar o processo inflamatorio ao nivel da mucosa
laringea e estabelecer uma correlacdo entre o periodo de laringite e as alteracbes induzidas

(i) na enervacao sensitiva periférica e (ii) no padrao de expressao de diferentes marcadores
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pré e anti-inflamatoérios. Grupos de animais foram entubados sob anestesia com a sonda
nasogastrica de menor diametro utilizada na clinica e disponivel no mercado. A sonda
colocada através do nariz tinha um comprimento previsto para se alojar no estdmago, sendo
a extremidade externa da sonda fixada através de um ponto de sutura a fossa nasal do
animal durante periodos de tempo varidveis (grupos de animais submetidos a 1, 2 e 5
semanas de ENG). Para a caracterizacdo do modelo inflamatério e avaliacdo do processo
patologico procedeu-se a analise (e comparacdo com o grupo controlo — nao entubados), na
mucosa laringea (i) da expressdo dos neuropeptideos inflamatérios CGRP e SP nas fibras
sensitivas periféricas, (i) do numero de células COX-2-positivas através de técnicas de
imunocitoquimica e (iii) da expressdo dos niveis de RNAm, por RT-PCR em Tempo Real, de
COX-1 e COX-2 e de outros mediadores pré-inflamatorios como as citoquinas IL-1B, IL-6 e

TNF-@, e ainda da citoquina anti-inflamatéria IL-10. (Capitulo 4.2).

Ao contrario dos AINEs n&o selectivos das enzimas COX-1 e COX-2 e dos corticoides, nenhum
outro tipo de farmaco anti-inflamatorio foi até ao momento usado com sucesso no controlo
clinico da laringite. Com o objectivo de avaliar novas formas terapéuticas no tratamento da
laringite cronica, foi testada no Rato a accdo de um farmaco inibidor selectivo da COX-2
(Etoricoxibe) sobre a inflamacao neurogénica da laringe que se desenvolve no modelo
experimental de ENG (ver iterm 2). Foram analisadas as alteracOes induzidas em varios
mediadores inflamatérios, nomeadamente (i) na expressao dos neuropeptideos inflamatérios
CGRP e SP nas fibras sensitivas periféricas, (i) no numero de células COX-2-positivas na
mucosa laringea e (iii) na expressao dos niveis de RNAm de COX-1 e COX-2, das citoquinas

pro-inflamatarias IL-1[, IL-6 e TNF-a e da citoquina anti-inflamatoria IL-10 (Capitulo 4.3).
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4. Para avaliar se o processo inflamatorio associado a uma laringite prolongada pode induzir
condicoes pré-malignas na mucosa laringea, além da analise histopatoldgica das laringes foi
analisada a expressao dos supressores tumorais pl6 e pb3, através de técnicas de RT-PCR
em tempo real, nos animais submetidos a diferentes periodos de laringite cronica induzida
pelo modelo experimental de ENG. O objectivo deste estudo foi determinar a ocorréncia de
correlacao entre o periodo de laringite e o padrdo de expressao dos supressores tumorais

(Capitulo 4.4).

5. Para caracterizar a distribuicdo dos terminais motores no aparelho vocal de diferentes
classes de vertebrados, analisamos a disposicdo das placas motoras (PM) nos musculos
vocais de mamiferos (Homem, Coelho e Rato), batraquios (Ra) e aves (Pombo e Galo) através
do método histoquimico da deteccdo da enzima colinesterase. O objectivo principal deste
trabalho foi esclarecer a distribuicdo das placas motoras nas cordas vocais humanas de
modo a compreender melhor a etiologia de varias disfonias do tipo motor e sugerir uma
melhor aplicabilidade clinica de farmacos ja existentes. Por outro lado, a andlise da
distribuicdo das PM entre os diferentes vertebrados permitiu comparar a enervacdo dos
musculos vocais entre as diferentes espécies e levantar hipdteses de correlacdo com as

diferentes capacidades de vocalizacdo (Capitulo 4.5).
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Capitulo 4.1

Publicacao (I)

Lima-Rodrigues M, Nunes R & Almeida A.

“Intraepithelial nerve fibers project into the lumen of the larynx”
Laryngoscope, 114: 1074-1077

(2004)
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Intraepithelial Nerve Fibers Project Into the

Lumen of the Larynx

Manuel Lima-Rodrigues, MD; Rui Nunes, MD, PhD; Armando Almeida, PhD

Objectives/Hypothesis: Studies on the morphology
and location of the sensory receptors in the laryngeal
mucosa have resulted in insufficient and sometimes
conflicting data. In the present study the authors ana-
lyzed the distribution and morphology of sensory nerve
plexuses and terminal fibers in the laryngeal mucosa of
the rat. Study Design: Two groups of Male Wistar rats
were used in this laboratory study; the larynx of the
first group were used to analyse the sensitive innerva-
tion of its epithelium, whereas the larynx of the second
group (controls) were tested for the specificity of the
antibodies used. Methods: The larynges of the animals
were entirely removed after perfusion, and coronal or
horizontal sections were immunoprocessed for further
randomized analysis of the mucosa. Primary afferents
were detected by immunoreaction to two widely recog-
nized markers of sensory nerves, calcitonin gene-
related peptide and substance P, and visualized using
diaminobenzidine as a chromogen. Results: The nerve
plexuses were more densely distributed in the dorsal
half of the vocal folds and in the laryngeal aspect of the
epiglottis. Dense networks of fine fibers with many
varicosities en passant, immunoreactive for both
calcitonin gene-related peptide and substance P,
occurred in the lamina propria and along the epi-
thelial thickness. Calcitonin gene-related peptide-
immunoreactive and substance P-immunoreactive
fibers extended across the epithelium and projected
to the laryngeal lumen itself, reaching the space
between the cilia. Conclusion: The projection of in-
traepithelial nerve fibers into the lumen of the
larynx indicates that in the absence of mucus,
nerve endings may be exposed and thus receive
direct stimulation from airborne substances. Fur-
thermore, it suggests that the laryngeal mucosa of
the rat may constitute an experimental model for
studying the direct activation or manipulation of
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primary afferents at the periphery and neurogenic
inflammation. Key Words: Substance P, calcitonin
gene-related peptide, primary afferents, laryngeal
mucosa, light microscopy, intraepithelial.
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INTRODUCTION

The laryngeal sensory system can initiate a wide
range of reflexes with significant physiological effects re-
lated to body functions, namely, bronchial-pulmonary de-
fense. This system interacts with components of the auto-
nomic nervous system, as shown by the laryngeal reflex
occurring in response to mechanical stimulation of the
mucosa. The main innervation of the mucosa of the phar-
ynx and larynx results from the superior laryngeal branch
of the vagus nerve, although other cranial nerves, such as
the trigeminal and glossopharyngeal nerves, may also be
involved.! Although the central origin of the laryngeal
innervation and the local distribution of major nerve
trunks are well documented, few and conflicting data are
known about the fine innervation of the laryngeal wall in
different animal species.?

The sensory innervation of the larynx has long been
known to be located in the mucosa.? Myelinated and un-
myelinated fibers reaching the epithelium derive from a
plexus in the submucosa, have numerous varicosities
along their extension, and terminate as free axonal end-
ings.* This nervous plexus was shown to be rich in sub-
stance P (SP)® and calcitonin gene-related peptide
(CGRP),%” two neuropeptides implicated in sensory inner-
vation,®~1° because of their key role in the transmission of
nociceptive information to the central nervous system.!

The larynx sensory fibers do not reach the surface of
the epithelium in humans, which suggests that mucosal
irritants do not stimulate directly the primary fibers of the
laryngeal mucosa.'? This anatomical feature was not re-
corded in other species either,? including in the rat,'®
where fibers were described (using fluorescence micros-
copy) as only reaching the epithelium. Interestingly, a few
sensory fibers were shown to reach the lumen of human
nasal mucosa.'? The objective of the present study was to
review the morphology and location of the network of
intraepithelial primary afferents immunoreactive to
CGRP and SP in the laryngeal mucosa of the rat using
bright-field light microscopy.

Lima-Rodrigues et al.: Nerve Fibers in Larynx
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MATERIALS AND METHODS

Five female rats (weight, 60—100g; age range, 20—40 d) were
obtained from the Wistar Han colony of Charles Rivers Company (Bar-
celona, Spain). Animals were perfused under anesthesia (35% chloral
hydrate intraperitoneally) through the ascending aorta with 100 mL
0.1 mol/LL phosphate-buffered saline (PBS) followed by 1000 mL Zam-
boni fixative (2% paraformaldehyde and 1.5% picric acid).

The larynx was removed and immersed in the same fixative
for 4 hours at 4°C, followed by an overnight sucrose bath (30%
sucrose in 0.1 mol/LL phosphate-buffered saline). Coronal and hori-
zontal frozen sections were cut in a cryostat at 50 um and processed
for immunocytochemical study. Alternate sections were incubated
overnight at 4°C with rabbit anti-CGRP (1:4000) (Amersham) or
rabbit anti-SP (1:40000) (Peninsula Laboratories) anti-sera in PBS
with 0.3% triton X-100 (PBST). After rinsing in PBST, the sections
were incubated with biotinylated goat anti-rabbit (1:200) (Vector
Laboratories) in PBST for 1 hour, washed in PBST, and incubated
with avidin-biotin complex (ABC) (1:200) (Vector) in PBS for 1 hour.
After rinsing in PBS and 0.1 mol/L tris-HCI buffer (pH 7.4) the
antigen-antibody reaction was visualized in a solution containing 10
mg diaminobenzidine (DAB) (Sigma Chemical Company) and 4 uL
H,0, in 20 mL tris-HCI buffer. The immunostained sections were
dehydrated, cleared in xylene, mounted in Entellan (Merck) and
analyzed by means of bright-field light microscopy.

RESULTS

An extremely dense plexus of CGRP-immunoreactive
nerve fibers was present in the laryngeal epithelial sur-
face of the rat (Figs. 1-3). The nerve plexus was particu-
larly abundant along the vocal folds, with a greater fiber
density in the dorsal half, which decreased progressively in
the ventral direction (Fig. 1). The CGRP innervation was
also rich in the laryngeal aspect of the epiglottis (Fig. 3C).

The intraepithelial network is derived from nerve
trunks abutting the epithelial deep surface from the un-
derlying connective tissue of the lamina propria (Fig. 2A).
The plexus is evenly distributed across the epithelial
thickness with the immunoreactive fibers exhibiting a
typical dotted appearance because of successive round
varicosities appearing en passant along the fibers (Figs.
2B and 3A). It is important that the fiber endings crossed the
most superficial epithelial cell layer and protruded from the
upper epithelial surface to the respiratory lumen itself,
reaching the free space among the cilia (Figs. 2 and 3A).

Immunostaining for SP depicted an intraepithelial
nerve plexus with an overall location similar to that of
CGRP fibers, but with a lower density and with fewer
varicosities along the fibers (Fig. 4). It is important that the
superficial axonal endings also protruded through the epi-
thelium surface and reached the laryngeal lumen (Fig. 4).

DISCUSSION

Innervation of Laryngeal Epithelium

It is known that in the rat there is a plexus of nonmy-
elinated sensory nerve fibers in the airway epithelium, es-
pecially at the basal level, with projections distributed to-
ward the tight junctions near the lumen but not reaching
it.131* However, in our study, a great number of CGRP fibers
and SP fibers showing a dotted appearance because of suc-
cessive round en passant varicosities were shown clearly to
protrude to the airway lumen among the cilia of the apical
membrane of the cells lining the laryngeal epithelium. To
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Laryngeal lumen

Fig. 1. Low-magnification microphotograph of the vocal fold show-
ing the epithelial surface with the calcitonin gene-related peptide—
immunoreactive plexus (arrow). Scale bar: 500 pm.

the best of our knowledge, this is a new anatomical observa-
tion on the sensitive innervation of the larynx, which has not
been described in the literature for the rat, human, or other
species. In comparison with another study performed in the
rat,'® our results may reflect any combination of the follow-
ing: 1) the use of much younger animals (weight, 60-100 vs.
250-400 g), 2) differences in the animal strain used (Wistar
vs. Sprague-Dawley), or 3) differences in the experimental
protocol followed (visualization of sensory fibers by bright
field vs. fluorescent light microscopy).

The present data may help in understanding how the
airborne substances can stimulate the mucosa. They suggest
that in the absence of mucus the fibers are exposed and easily
stimulated by irritating stimuli, for example, those caused by
local inflammatory agents or exogenous irritants, such as to-
bacco smoke. Thus, the rat larynx may constitute a good model
for the study of the action of inflammatory, degenerative, and
neoplastic factors on the sensory innervation of the respiratory
system. An electron microscopic study to show the relation
between the apical membrane of lining epithelial cells and
these free nerve endings should be undertaken in the rat. Elec-
tron microscope studies performed in humans'® and dogs'®
showed that SP-immunoreactive and CGRP-immunoreactive
nerve fibers did not reach the respiratory lumen but terminated
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Laryngeal lumen

Fig. 2. Intermediate (A) and high (B) magnifications showing the
intraepithelial vocal fold network of calcitonin gene-related peptide—
immunoreactive (CGRP-IR) nerves from, respectively, the posterior
and anterior epithelia. (A) The nerve trunks entering the plexus from the
underlying lamina propria (open arrow) are evident. (A and B) The
CGRP-IR terminal fibers with round en passant varicosities reaching
the apical surface of the epithelium and protruding into the laryngeal
lumen itself (small arrows). Scale bars: 7.5 (A) and 4 (B) uwm.

just under the epithelial junctional complexes that fuse the
apical portion of the lateral cellular membranes of superficial
epithelial cells.

In humans, a few fibers were shown to reach the
surface of the epithelium in the nasal mucosa and the
subepithelial excretory ducts of laryngeal mucous glands,
but not the laryngeal lumen itself.!? Neuroepithelial bod-
ies, groups of neuroendocrine cells, but not the fibers that
enervate them, were shown to be located frequently at
airway openings and protrude into it.'” Moreover, in the
larynx the fibers enervating neuroepithelial bodies were
not CGRP-positive or SP-positive.'?

Calcitonin Gene-Related
Peptide-Immunoreactive and Substance
P-Immunoreactive Sensitive Fibers

The visceral sensory neurons of the vagus and glosso-
pharyngeal nerves that enervate the laryngeal mucosa have
cell bodies located in the nodose and petrosal ganglia, respec-
tively.>'® The innervation of the larynx has been studied
with the aid of immunocytochemistry, and several regula-
tory peptides were shown in the primary afferents of the
laryngeal and tracheal mucosa: CGRP and SP, tyrosine hy-
droxylase (TH), vasoactive intestinal peptide (VIP), and neu-
ropeptide Y (NPY) in cats®1%2% SP and CGRP in dogs?!;
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Fig. 3. The laryngeal intraepithelial calcitonin gene-related peptide—
immunoreactive (CGRP-IR) nerve plexus. (A) Detail of the apical
surface of the epithelium showing fibers and axonal buttons pro-
truding into the laryngeal lumen (arrows). (B) Decreasing density of
the CGRP-IR fiber network from the dorsal to ventral surface of the
vocal fold epithelium. (C) Laryngeal aspect of the epiglottis intraepi-
thelial plexus (small arrow). The bilateral CGRP-IR terminal fiber
trunks of the superior laryngeal nerve (large arrows) are evident.
Scale bars: 1.25 (A), 500 (B), and 800 (C) um.

NPY, VIP, SP, and CGRP in rats'®?2;, and VIP, NPY, SP,
and CGRP in the human larynx.” However, CGRP and SP
are considered to be the main putative neurotransmitters in
the laryngeal primary afferent system. In the human mu-
cosa the characteristic corpuscular fibers running under-
neath and within the epithelium contained only SP and
CGRP.” In the canine nodose ganglion, the percentages of
CGRP-immunoreactive (81,5%) and SP-immunoreactive
(24,5%) neurons were much higher than those immunoreac-
tive to other peptides.®?! A comparative study using immu-
nocytochemical and tract-tracing techniques concluded that
the density of the laryngeal sensory nerve fibers in the hu-
man and the dog was similar to that in the cat, and the
regional distribution and density of SP-immunoreactive and
CGRP-immunoreactive fibers showed almost the same dis-
tribution pattern as the sensory fibers showed with the use
of neuroanatomical tracing techniques.?

Although the distribution pattern of CGRP-
immunoreactive and SP-immunoreactive fibers was simi-
lar, suggesting an overlapping distribution, we found that
SP-immunoreactive fibers were fewer in number than
CGRP-immunoreactive fibers. This finding suggests that
CGRP is the most important peptide that occurs in the
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Laryngeal lumen

Fig. 4. Substance P-immunoreactive fibers in the laryngeal mu-
cosa. The terminal buttons of these fibers reach the apical surface
of the epithelium and protrude into the laryngeal lumen itself (ar-
rows). Scale bar: 7.5 pm.

laryngeal epithelium, which is in accordance with results
obtained previously in the dog.?' Our study in the rat
showed a more extended area occupied by the CGRP-
stained fibers, which indicates that a fiber component
containing exclusively CGRP may occur in the rat mucosa.
However, a similar density and distribution of CGRP-
immunoreactive and SP-immunoreactive fibers in the la-
ryngeal epithelium were referred in the rat'® and hu-
mans.” Once more, this result, which differs from that
obtained in the study of Domeij et al.'® in the rat, might
reflect differences in the strain and in the age of the
animals used or in the experimental protocol followed, or
both (as mentioned earlier in the “Discussion” section).

As in other areas of the periphery, the high concen-
tration of SP-immunoreactive and CGRP-immunoreactive
fibers in the laryngeal epithelial lining indicates that they
may consist of nociceptive sensory endings.? In fact, both
neuropeptides were shown to be present in part of the
C-fibers and Ad-fibers of primary afferents mediating the
transmission of nociceptive information from the periph-
ery to the spinal or trigeminal dorsal horns of the central
nervous system.!! In the rat, denervated (vagotomy) ani-
mals and capsaicin-treated animals (capsaicin destroys
most C-fiber primary afferents) have shown a strong or
complete decrease in the number of CGRP fibers and SP
fibers.*!? In accordance with data obtained for other spe-
cies,? the dorsal half of the vocal folds and the laryngeal
aspect of the epiglottis are more densely innervated,
which suggests that these areas are more important for
sensory reception in the rat larynx.

CONCLUSION

The anatomical data observed in the present study
indicate that in the larynx of the rat the nociceptive end-
ings of SP-immunoreactive and CGRP-immunoreactive
primary afferents project directly to the lumen of the
respiratory tract and thus may be directly activated by
noxious stimulation of the larynx and stimulate cough
reflex or neurogenic inflammation.
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Objectives/Hypothesis: To develop and character-
ize a new model of laryngeal inflammation by analyzing
the presence of neurogenic peptides and expression of
cyclooxygenases (COX) and cytokines in the mucosa.

Study Design: Laryngitis induced by nasogastric
intubation (NGI) was evaluated by histopathologic
changes of the mucosa, alterations in calcitonin gene re-
lated peptide (CGRP) and substance P (SP) neuropep-
tides in sensory fibers, and COX-1,2, and cytokine (inter-
leukin [IL]-1, IL-6, IL-10, tumor necrosis factor [TNF]-«)
expression in the laryngeal mucosa.

Methods: Rats submitted to NGI for 1 to 5 weeks
were compared with controls. Laryngeal sections were
immunostained for stereologic analysis of SP and CGRP
fiber density and number of mucosal cells expressing
COX-2. Alterations in inflammatory mediators were eval-
uated by quantitative reverse-transcriptase polymerase
chain reaction.

Results: NGI induced metaplasia of the epithelium
and narrowing of the laryngeal lumen because of hyper-
trophy of laryngeal glandules and edema. An initial de-
crease in CGRP- and SP-immunoreactive fibers in the
laryngeal mucosa (1-3 wk) was reverted with time (5 wk).
COX-2 expression in mucosal cells increased progres-
sively, reaching a maximum level at 5 weeks, and was
observed in mononuclear immune cells, which is indica-
tive of a chronic inflammatory process. In regard to
mRNA expression levels of inflammatory mediators,
TNF-a was increased during the 5 week NGI, and IL-10
decreased during the 5 weeks,whereas IL-13, IL-6, and
COX-2 increased in the first 1 to 2 weeks and returned to
baseline at 5 weeks.
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Conclusions: This NGI model results in laryngeal
chronic inflammation without direct mechanical aggres-
sion of the mucosa and may contribute to the study of
future therapeutic approaches to this pathology.

Key Words: Laryngeal inflammation, neuropep-
tides, cyclooxygenase-2, cytokines, nasogastric intuba-
tion, immunocytochemistry, mRNA expression, reverse-
transcriptase polymerase chain reaction analysis, animal
model.
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INTRODUCTION

Nasogastric intubation (NGI) is largely used in clin-
ical practice.! However, several complications such as lar-
yngitis?2 and increased mortality because of aspiration
pneumonia can be induced by this procedure. The exper-
imental studies determining the mechanisms of laryngeal
injury associated with nasogastric tubes are scarce.2 Neu-
rogenic mechanisms are implicated in many inflammatory
diseases, and three group of factors are involved: 1) hy-
drogen ions (H") and adenosine triphosphate released by
damaged tissue; 2) inflammatory mediators, including
prostaglandins (PGs) and pro-inflammatory cytokines
such as interleukin (IL)-18, IL-6, and tumor necrosis fac-
tor (TNF)-a, and anti-inflammatory cytokines (IL-10); 3)
and neurogenic peptides substance P (SP) and calcitonin
gene related peptide (CGRP) present in the nerve fibers of
the mucosa.? We previously demonstrated that neuropep-
tides SP and CGRP are present in the laryngeal sensory
fibers that reach the epithelium surface and project to the
respiratory lumen.* Because these fibers are accessible to
direct stimulation, the rat laryngeal mucosa may consti-
tute a good experimental model for studying the activation
of primary afferents during the development of neurogenic
inflammation.# SP and CGRP are important peptides in
laryngeal sensory reflexes of cough and bronchial-
pulmonary defense and can induce inflammatory re-
sponses in the respiratory tract.> As concerns the larynx,
it is possible that these peptides can also induce laryngi-
tis, but to the best of our knowledge, there are no experi-
mental studies analyzing the expression of peptides and
ILs such as IL-1B, IL-6, IL-10, and TNF-« in laryngeal
inflammation.
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Acute and chronic inflammation induce the expres-
sion of cyclooxygenase (COX)-2 and release of PGs from
arachidonic acid, which is cleaved from cell membrane
phospholipids of damaged tissue.? PGs activate receptors
in fiber membranes, triggering the cyclic adenosine mono-
phosphate protein kinase A transduction pathway that
increases intracellular calcium and releases SP from in-
flamed peripheral nerves, which further activates fibers
by stimulating neurokin-1 receptors. CGRP receptors are
colocalized with PG receptors at thin nerve terminals, and
CGRP-receptor activation potentiates the effect of SP by
retarding its release. Pro-inflammatory cytokines (IL-1,
TNF-a, and IL-6) produced after tissue damage induce
COX-2 synthesis and cells to release PGs.3 The expression
of COX-2 and COX-1 (constitutive) and their relation to
neurogenic peptides and cytokines in chronic laryngitis is
unknown. We designed an experimental rat model of NGI
to obtain chronic inflammation of the larynx in which we
evaluated potential changes in the 1) normal histology of
the mucosa, 2) SP- and CGRP-immunoreactivity in laryn-
geal sensory fibers, 3) COX-2 expression in inflammatory
cells of the lamina propria, and 4) COX-1, COX-2, IL-1p,
IL-6, IL-10, and TNF-a« mRNA expression in the mucosa.

MATERIALS AND METHODS

Animals

This study was performed in 54 male rats weighing 350 to
450 g obtained from the Wistar Han colony of Charles Rivers
Company (Barcelona, Spain). Animals were lightly anesthetized
with inhaled isoflurane to allow swallowing reflex and were sub-
mitted to the NGI procedure. A 10 to 12 cm narrow-bore naso-
gastric aspiration tube used for NGI in premature newborns (cat.
No 533.04; Vigon Laboratoires Pharmaceutiques, Ecouen,
France) was inserted through the nasopharynx until it reached
the stomach. The external tip was sutured to the nasal lateral
cartilages. Animals recovered and returned to their cages, being
submitted to NGI for 1 (n;,uno = 6; Dpcr = 7), 2 Mimuno = 6;
Npcr = 6), 3 (Mjune = 6), and 5 (N une = 6; Npcr = 6) weeks.

Twelve (0;,uno = 6; Npcg = 6) nonintubated rats were used as
controls (CONT). At the end of the intubation period, animals for
immunohistochemical experiments were perfused under anesthe-
sia (isoflurane and 35% chloral hydrate intraperitoneally)
through the ascending aorta with 4% paraformaldehyde in
phosphate-buffered saline (PBS) 0.01 mol/L. After confirmation
that the NGI tube was still inserted in the stomach, the larynx
was removed and immersed in the same fixative followed by 30%
sucrose in 0.1 mol/LL PBS overnight. Animals used for real-time
reverse-transcriptase polymerase chain reaction (RT-PCR) stud-
ies were anesthetized with isoflurane and sacrificed with 35%
chloral hydrate intraperitoneally. Larynxes were excised imme-
diately, macerated, immersed in 0.8 mL of TRIzol (Invitrogen,
Carlsbad, CA), and stored at —80°C. The experiments were car-
ried out in accordance with regulation of local authorities for
handling laboratory animals (Veterinary General Directive
Board, Ministry of Agriculture, Rural Development and Fishing)
and European Community Council Directive 86/609/EEC.

pHmetry

Measurements of pH were performed using a MI-414-4
cm pH combination microelectrode probe (Microelectrodes, Inc.,
Bedford, NH) attached to an Inolab pH Level 1 potentiometer
(Wissenschaftlich Technische Werkstitten, Weillem, Germany).
First, the pharyngeal pH and then the esophageal pH were re-
corded for each animal immediately before sacrifice (5 s for each
pH measurement).

Histology and Immunocytochemistry

Laryngeal coronal frozen sections (20 um) obtained with a
cryostat were processed for immunohistochemistry. Alternate
sections were incubated overnight at room temperature with
rabbit antiCGRP (1:6,000; Bachem, Sao Carlos, CA) or rabbit
antiSP (1:6,000; Bachem) antibodies in PBS with 0.3% triton
X-100 (PBST). After rinsing in PBST, the sections were then
incubated with biotinylated goat anti-rabbit (1:200; Vector Lab-
oratories Inc, Burlingame, CA) in PBST for 1 hour, washed in
PBST, and then incubated with avidin-biotin complex (1:200;
Vector Laboratories Inc, Burlingame, CA) in PBS for 1 hour. After
rinsing in PBS and 0.1 mol/L tris-HCI buffer (pH 7.4), the

TABLE I.
Sequences of Primers Used for Real-Time Polymerase Chain Reaction.
Gene Bank
Target Oligo Sequence ACC
B-Actin Forward primer 5" - GATTTGGCACCACACTTTCTACA - 3’ NM_031144
Reverse primer 5" — ATCTGGGTCATCTTTTCACGGTTGG - 3’
IL-18 Forward primer 5" — GAAACAGCAATGGTCGGGAC - 3’ M98820
Reverse primer 5" - GAGACCTGACTTGGCAGAGG - 3’
TNF-a Forward primer 5’ — CCAACAAGGAGGAGAAGTTC - 3’ NM_012675
Reverse primer 5" - CCTGGTGGTTTGCTACGAC - 3’
IL-6 Forward primer 5" — CAAGAGACTTCCAGCCAG - 3’ NM_012589
Reverse primer 5" — CTCCGACTTGTGAAGTGGT - 3’
IL-10 Forward primer 5" — GCCAAGCCTTGTCAGAAATGA - 3’ NM_012854
Reverse primer 5" - TTTCTGGGCCATGGTTCTCT - 3’
COX-1 Forward primer 5" — GGCGTTGCTCATCCATCTACTC - 3’ S67721
Reverse primer 5" — AGCATCTGTGAGCAGTACCGG - 3’
COX-2 Forward primer 5" - TTTGTTGAGTCATTCACCAGACAGAT - 3’ S67722

Reverse primer

5’ — ACGATGTGTAAGGTTTCAGGGAGAAG - 3’

IL = interleukin; TNF = tumor necrosis factor; COX = cyclooxygenase.
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antigen-antibody reaction was visualized with diaminobenzidine
(DAB, Sigma, St. Louis, MO).

COX-2 immunohistochemistry was carried out according to
the streptavidin-biotin-peroxidase complex technique (Ultravi-
sion Detection System Antipolyvalent, HRP, Lab Vision Corpora-
tion, Fremont, CA) using a primary antibody raised against
COX-2 protein (1:400; rabbit monoclonal antibody, clone SP21;
Neomarkers, Fremont, CA). Slides were sequentially washed in
PBS/0.02% Tween 20 and incubated with 3% H,0, in methanol
for 10 minutes. This was followed by incubation with blocking
solution for 10 minutes and the primary antibody solution for 2
hours at room temperature. Sections were then sequentially
washed in PBS/0.02% Tween 20 and incubated with biotinylated
goat antipolyvalent antibody for 10 minutes and streptavidin
peroxidase for 10 minutes. DAB was used as chromogen. Slides
were counterstained with Mayer hematoxylin (Merck, Darm-
stadt, Germany). Negative controls were performed by omission
of the primary antibody. A colon carcinoma sample was used as
positive control.

Stereologic Procedures

Sections were analyzed with an Axioskop 2 plus light mi-
croscope (Carl Zeiss, Gottingen, Germany), and images of laryn-
geal histologic data were taken using an Axiocam HRC camera
and AxioVision 3.1 software (Carl Zeiss). Cell and fiber numbers
were estimated using the optical fractionator method.6 This con-
sists of virtual 3—dimensional-box (150 X 150 X 30 um), equally
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spaced grids that were superimposed on every eighth coronal
laryngeal section after drawing the limits of the area under study
in the laryngeal mucosa. The number of COX-2 immunoreactive
cells and SP- and CGRP-immunoreactive fibers that crossed the
gridlines in every randomized site (chosen by the software) was
counted according to well-defined stereologic rules. The estimated
numbers were calculated from the ratio between the total number
of counted cells and fibers crossing the grid site and the number
of grid sites per area. The coefficients of error were automatically
computed by the software according to the formulas of Gundersen
for cell numbers.6

mRNA Extraction and Real-Time RT-PCR

Total mRNA in the larynx was extracted by adding 160 uL
CHCI,; followed by centrifugation at 13,000 rpm for 15 minutes at
4°C. The supernatant was carefully collected, and total mRNA
was precipitated using isopropanol (2-propanol) followed by cen-
trifugation at 13,000 rpm for 15 minutes at 4°C. The mRNA pellet
was washed using 70% ethanol recentrifuged at 9,000 rpm for 5
minutes at 4°C, dried, and suspended with 50 uL of DNAse/
RNAse free distilled water (Gibco, Carlsbad, CA). Quantification
of total mRNA was performed by spectrophotometry (NanoDrop,
NanoDrop Technologies, Inc., Wilmington, NC). Samples of total
mRNA with the same concentration (2 ng/10 pL) were then re-
verse transcribed in a thermocyclator My Cycler Thermal Cycler
(Bio-Rad, Hercules, CA) using a Superscript Kit II (Invitrogen)
and Oligo dT (Invitrogen), according to the manufacturer’s

Fig. 1. Changes in histology and cyclo-
oxygenase (COX)-2 expression of the la-
ryngeal mucosa after no nasogastric in-
tubation (NGI) (A, D, G) and 2 (B, E, H)
and 5 (C, F, |) weeks of induction of the
NGI model. A large increase of the glan-
dular tissue was observed with increas-
ing periods of laryngeal inflammation (A
to C; arrows, D to F), with a consequent
decrease in the laryngeal lumen (A to C).
This was accompanied by large prolifer-
ation of mononuclear immune cells im-
munoreactive to COX-2 (arrows, G to |).
L = laryngeal lumen. Magnification
bar = 100 um.
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Fig. 2. Histologic changes in the con-
nective tissue of the laryngeal mucosa
induced by the nasogastric intubation
(NGI) experimental model. Note replace-
ment of typical ciliated pseudostratified
respiratory epithelium (arrow, A) by an-
other differentiated squamous stratified
(nonkeratinized) epithelium (metaplasia)
after 5 weeks of NGI (arrow, B). In addi-
tion, presence of chronic inflammation
signs is evident, namely edema (aster-
isks, B) and large proliferation of mono-
nuclear immune cells in the lamina pro-
pria (arrows, C), including plasmocytes
(arrows, D). Magnification bar = 100 um.

instructions. The cDNA was then subjected to real-time RT-PCR
reactions for quantification of mRNA levels of B-Actin, IL-1p,
TNF-q, IL-6, IL-10, COX-1, and COX-2, using the LightCycler
(Roche, Basel, Switzerland), and an SYBR Green PCR Master
Mix (QIAGEN GmbH, Hilden, Germany) was used according to
the manufacturer instructions. Primer sequences used to amplify
various cDNAs are shown in Table I. A typical real-time RT-PCR
protocol was performed under the following conditions: 15 min-
utes at 95°C, followed by 40 cycles (94°C denaturing for 15 s; 58°C
annealing for 20 s; 72°C extension for 15 s), melting at 60°C until
95°C for 90 seconds, and finally cooling to 35°C. The specificity of
the SYBR Green assays was confirmed by melting point analysis.
Gene expression of the housekeeping gene B-Actin was used for
normalization of the results.

Data Analysis

Results were analyzed using Graph Pad Prism version
4.00 for Windows (Graph Pad Software, San Diego, CA). Means
were compared using one-way analysis of variance (ANOVA)
statistical evaluation followed by Tukey honestly significant
difference post hoc test, and differences were considered to be
significant at P < .05.

RESULTS

Histological and pHmetry Changes Induced
by NGI

NGI induces a visible reduction of the laryngeal lu-
men (Fig. 1A—C), a consequence of a progressively increas-
ing hyperplasia and hypertrophy of the glandular tissue
(Fig. 1D-F). After 5 weeks of NGI, some areas of the
epithelium showed a replacement of the differentiated
pseudostratified respiratory epithelium of the larynx (Fig.
2A) by a squamous-stratified epithelium (metaplasia) and
edema in the connective tissue (Fig. 2B). In addition, a
large proliferation of plasmocytes and a few lymphocytes
were present in the connective tissue of the mucosa
(chronic inflammation) (Fig. 2C and D).
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NGI resulted in significant changes in the pH re-
corded at the pharynx and esophagus (ANOVA, P < .001).
Control rats showed a different pH between the pharyn-
geal and esophageal mucosa (CONT, X CONTy, P < .001)
(Fig. 3). No differences were observed after 1 week of NGI
(NGIp;,, X NGIgyy, P > .05) because of a significant
decrease in pharyngeal pH (NGlp;,, X CONTp, P < .01)
(Fig. 3). After 2 weeks NGI, pH differences between

8.5

70 | | 1 |

Fig. 3. Changes in the pH of the pharyngeal and esophageal mu-
cosa measured at the end of the experimental period. Values for
pharyngeal pH are placed at the left of the dashed line, whereas
esophageal pH are recorded at the right. Control P and 1- to 5-week
(W) nasogastric intubation (NGI) P = pharyngeal pH values for
control and NGI animals; control E and 1 to 5 W NGI E = esophagic
pH values for control and NGI animals. Only significant differences
between pH values obtained in the same location are recorded in
the graph. *P < .05, P < .01, and **P < .001.
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mucosae were again significant (NGlps,, X NGlgo,,, P <
.001), a trend still observed after 5 weeks NGI (although
not reaching significance) (Fig. 3). No differences were
observed in the esophageal pH along the NGI period.

Changes in Laryngeal Peripheral
Sensory Enervation

CGRP-immunoreactive fibers were present in the ep-
ithelium and connective tissue of the lamina propria of the
laryngeal mucosa (Figs. 4A and 5A-C). Laryngeal immu-
nostaining of SP depicted an intraepithelial nerve plexus
with an overall location similar to that of CGRP fibers but
with a lower density of fibers both in control and intubated
animals (Figs. 4B and 5D-F). NGI induced changes in the
expression of neurogenic peptides (ANOVA, P < .05), with
the number of CGRP-and SP-immunoreactive fibers de-
creasing already during the first week of NGI (CGRP:
NGI,,, X CONT, P < .01) and remaining decreased at the
third week (CGRP: NGI;, X CONT, P < .001; SP:
NGI;,, X CONT, P < .001) (Figs. 4 and 5). Between 3 and
5 weeks, there was an increase in the number of fibers
immunoreactive to CGRP (NGI,_j5,, X CONT, P = .05) and
SP (NGI; 5, X CONT, P = .01) (Fig. 5), a recovery that
reached control values in SP fiber density (NGI;, X
CONT, P > .05) (Fig. 4B) and was near control values in
terms of CGRP fiber density (NGI;, X CONT, P < .05)
(Fig. 4A).

COX-2 Expression in Laryngeal Mucosa

The NGI model also induced changes in the expres-
sion of COX-2 in the laryngeal mucosa (ANOVA, P < .05).
The number of cells expressing COX-2 enzyme in the
laryngeal mucosa was higher after 2 weeks of NGI and
increased significantly until the fifth week (NGI;, X
CONT, P = .05) (Fig. 6). This was caused by a progressive
increase in the number of mononuclear inflammatory cells
expressing COX-2 in the lamina propria (Fig. 1G-I), lym-
phocytes, and plasma cells (Fig. 2), which is characteristic
of chronic inflammation. However, in regard to the rela-
tive expression of COX-2 mRNA levels in the laryngeal
mucosa (ANOVA, P = .01), the progressive increase until
the second week (NGIL,,, X CONT, P < .01) was followed
by a reduction to control values at 5 weeks (NGI,,, X
NGI;,,, P < .05) (Fig. 7A). On the contrary, no changes
were observed in mRNA laryngeal levels of COX-1 consti-
tutive enzyme (ANOVA, P = .27) (Fig. 7B). Thus, the ratio
COX-2/COX-1 mRNA expression was changed after NGI
(ANOVA, P < .05), with an increase until the second week
(NGI2w X CONT, P < .05), followed by a return to control
values at the end of the experimental period (Fig. 7C).

Laryngeal Levels of Pro-Inflammatory and Anti-
Inflammatory Cytokines

The NGI model induced drastic changes of inflamma-
tory mediators. The relative expression of IL-13 mRNA
changed along the experimental period (ANOVA, P <
.0001), increasing continuously after 1 week (NGI;,, X
CONT, P < .01) and 2 weeks (NGI,,, X CONT, P < .001,
NGI,,, X NGIL,,,, P < .01) but returning to control values
at 5 weeks NGI (NGI, 5, P < .001) (Fig. 8A). NGI af-
fected the level of expression of TNF-a mRNA (ANOVA,
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Fig. 4. Density of calcitonin gene-related peptide (CGRP)- (A) and
substance P (SP)- (B) immunoreactive fibers in the laryngeal mu-
cosa of animals without nasogastric tube (control group) and after
different periods of nasogastric intubation (NGI). Note the significant
decrease in the presence of these neurogenic peptides in laryngeal
sensory fibers until the third week of NGI and the total (SP) or partial
(CGRP) recovery observed at the end of the experimental period (5
wk). Asterisks over each week are comparisons with control values,
whereas asterisks over each bar represent comparisons between val-
ues of groups submitted to NGI. *P < .05, **P < .01, and **P < .001.

P < .001), which increased after 1 week (NGI;,, X CONT,
P < .001) and maintained a significant increased expres-
sion until the end of the experiment (NGI,,, X CONT, P <
.01; NGI;,, X CONT, P < .01) (Fig. 8B). IL-6 mRNA
changed significantly (ANOVA, P < .0001) in the laryn-
geal mucosa, showing an increase 1 week after NGI
(NGI,,, X CONT, P < .001) and then a progressive de-
crease until control values at 5 weeks (NGI,,, X CONT,
P < .01; NGI, g, P < .001; NGI,_,, P < .05) (Fig. 8C).
Changes in mRNA levels of the anti-inflammatory cyto-
kine IL-10 (ANOVA, P < .001) showed a strong decrease 1
week after NGI (NGI,,, X CONT, P < .001), which was
still observed 5 weeks later (NGl X CONT, P < .001,;
NGI,,, X CONT, P < .001) (Fig. 8D).

As concerns the analysis of the ratio between pro-
inflammatory and anti-inflammatory cytokines, pro-
inflammatory changes prevailed over anti-inflammatory
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Fig. 5. Photomicrographs of calcitonin
gene-related peptide (CGRP)- (A to C)
and substance P (SP)- (D to F) immuno-
reactive fibers in the laryngeal epithe-
lium of animals without nasogastric tube
(controls, A and D) and after 3 (B and E)
and 5 (C and F) weeks of nasogastric
intubation (NGI). Note the strong de-
crease in CGRP and SP immunoreactive
fibers (arrows) from nonintubation (A
and D) to 3 weeks of laryngeal inflam-
mation (B and E) and the recovery in the
density of nociceptive primary afferent
fibers containing CGRP and SP after 5
weeks of NGI (C and F). Magnification
bar = 50 um.

alterations. Accordingly, the ratio between IL-18 and
IL-10 mRNA expression changed with time after NGI
(ANOVA, P < .0001), with a progressive increase until
the second week (NGI;,, X CONT, P < .05; NGI,,, X
CONT, P < .001), followed by a return to control values
(Fig. 8E). Interestingly, no changes were obtained for
the ratio between TNF-a and IL-10 (Fig. 8F).

DISCUSSION

In the present study, we developed an NGI experi-
mental model to induce laryngeal inflammation without
direct mechanical injury to preserve the epithelium and
lamina propria of the larynx. For model characterization,
we showed that CGRP and SP present in nociceptive pe-
ripheral fibers decreased initially and then returned to
control values. The inducible COX-2 enzyme shows the
inverse pattern, increasing initially and then returning to
baseline. However, the number of cells expressing COX-2
increased in inflammatory cells with increasing periods of
NGI. Finally, IL-18 and IL-6 cytokines showed a pattern
of mRNA expression along the 5 week NGI that was sim-
ilar to COX-2 and inverse to CGRP and SP, whereas
TNF-a was always increased and levels of IL-10 were
always decreased along NGI.
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Neurogenic inflammation is a well-defined process by
which inflammation is triggered by the nervous system.
As a pathway distinct from antigen-driven immune-
mediated inflammation, it may play a key role in the
understanding of a broad class of environmental health
problems. It is a common pathway for disease in many
organs and systems,’® and a growing amount of evidence
implicates the involvement of neurogenic etiology in dis-
orders such as asthma, rhinitis, contact dermatitis, mi-
graine headache, and rheumatoid arthritis.10.11 In the re-
spiratory tract, recent progresses in understanding the
morphology of nerve fibers showed that intraepithelial
nociceptors containing SP and CGRP neurogenic peptides
project into the lumen of the larynx and can be directly
stimulated by irritant substances.* The role of primary
sensory neurons in arteriolar vasodilatation, increased
vascular permeability, and leukocyte infiltration is medi-
ated by peripheral release of peptides such as SP and
CGRP from nerve terminals of depolarized peripheral
nerve fibers.12 SP binds to the neurokinin-1 receptor on
target cells such as immune cells and vascular endothelial
cells'113 and is the main mediator of vascular permeabil-
ity and leukocyte infiltration, whereas CGRP is the prime
mediator of neurogenic vasodilatation.s-° Moreover, SP
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Fig. 6. Density of cyclooxygenase (COX)-2 immunoreactive cells in
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increase in COX-2 containing cells in the laryngeal mucosa, which
reaches significance at 5 weeks. *P < .05, P < .01, and *™™P <
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can increase production and release of PGE214 and release
of IL-1.15 Thus, the here observed initial decrease in
CGRP and SP content in laryngeal sensory fibers (first 3
wk) probably resulted from the release of these peptides
from mucosal nociceptors and induction of neurogenic in-
flammation. This is supported by the fact that PGE2, one
important member of the E series of PGs, facilitates the
release of neurogenic peptides SP and CGRP from pri-
mary sensory neurons.16

In regard to the partial recovery of CGRP and SP
innervation between the third and fifth week of NGI, this
may reflect a progressive refilling of laryngeal nociceptors
with these peptides after their synthesis in perikarya of
primary sensory neurons. Accordingly, the decreased ex-
pression of COX-2 mRNA to control values may account
for a decrease in the release of SP and CGRP from primary
afferents, which results in an increase of SP and CGRP
immunoreactivity in peripheral fibers after 5 weeks NGI.
On the other hand, there was an apparent disagreement
between the continuous increase of COX-2 positive cells
present in the laryngeal mucosa along the 5 weeks of NGI
and the peak of COX-2 mRNA expression after 2 weeks
NGI followed by a return to control values at 5 weeks. The
progressive increase of the number of COX-2 immunore-
active cells until the fifth week of laryngeal inflammation
should reflect not mRNA expression for de novo produc-
tion of the enzyme but rather the recruitment of immune
cells containing COX-2 to the inflamed larynx. Interest-
ingly, prolonged over-production of PGs by COX-2 can
increase SP and CGRP immunoreactivities in primary
sensory neurons.!? Thus, the increased number of COX-2
immunoreactive cells in the laryngeal mucosa after 5
weeks (but not 3 wk) of laryngeal inflammation may also
contribute to the recovery of laryngeal SP and CGRP
content after 5 weeks of NGI.

In the present study, the inflammation observed with
NGI may have two origins. First is the presence of the
nasogastric tube passing through the pharynx to the
esophagus, which can indirectly have a mechanical effect
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on the mucosa of the adjacent larynx. Second, the presence
of acid from gastroesophagic reflux can directly activate
nociceptors because H+ ions have receptors in the cell
membrane of these fibers.” Accordingly, protons can in-
duce CGRP release after activation of their receptors,¢ as
observed here during the first weeks of NGI. The activa-
tion of nociceptors by noxious stimulation induces release
of SP and CGRP, which increase blood vessel permeability
and plasma extravasation.” Resident mast cells and other
immune cells attracted to the inflamed laryngeal mucosa
release cytokines and contribute to recruitment of more
leukocytes and macrophages that release PGs and addi-
tional cytokines.'® Cytokines IL-18, IL-6, and TNF-« are
well-known mediators of inflammation!® because they
cause PG release after production of arachidonic acid.
Thus, cytokines form a link between tissue damage and
inflammatory responses.” Binding of IL-18 to receptors on
cell membrane initiates signaling cascades that up-
regulate transcription of genes such as COX-2, TNF-q,
and IL-6. Moreover, IL-1B facilitates release of CGRP
from nociceptors, probably by direct sensitization of noci-
ceptors, whereas TNF-a sensitizes and induces ectopic
activity in these primary afferent fibers.l® These data
strongly support the here observed matching opposite evo-
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lution of mRNA expression levels of IL-18, IL-6, and
COX-2 when compared with neurogenic peptides CGRP
and SP present in nociceptive laryngeal fibers (decreasing
during the first weeks and returning to control values at 5
wk). In regard to pro-inflammatory TNF-« and anti-
inflammatory IL-10, their mRNA levels of expression in
the laryngeal mucosa was, respectively, increased or de-
creased along the 5 weeks of NGI. This matching opposite
evolution between the two cytokines is supported by other
studies showing a similar close interaction.18

Although many functions have been suggested for
COX-2, and the anti-inflammatory COX-2 inhibitors are
known to have less aerodigestive adverse side effects,6
the precise distribution and role of this enzyme is still
unclear, and few studies on its role in chronic inflamma-
tion have been performed in the respiratory tract. In our
study, the large increase in COX-2-immunoreactive in-
flammatory cells in the laryngeal mucosa after chronic
NGI was noticed in mononuclear immune cells. This is
clearly suggestive of the involvement of COX-2 in this
form of laryngitis, and the location in mononuclear cells
demonstrates a chronic inflammatory process. Selective
COX-2 nonsteroidal anti-inflammatory drugs (NSAIDs)
have less side effects than traditional (both antiCOX-1
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and COX-2) NSAIDs on the digestive and respiratory sys-
tems because protective PGs do not decrease, whereas
pro-inflammatory leukotrienes do not increase.16 Accord-
ingly, COX-1 inhibitors such as ibuprofen are effective in
acute respiratory diseases but not in chronic pathologies
because of their adverse side effects. The present model
can be used in the future for evaluating the potential
therapeutic value of selective COX-2 drugs in the treat-
ment of chronic laryngitis.

CONCLUSIONS

A new animal model of chronic laryngitis was de-
scribed, which results from NGI, a common technical pro-
cedure used in clinical practice. The resulting laryngitis
develops an inflammatory process that presents a neuro-
genic component. COX-2 is also implicated in the inflam-
matory mechanism because its expression increases with
time of intubation in mononuclear immune cells. Different
patterns of mRNA expression of pro-inflammatory and
anti-inflammatory mediators further characterized the in-
flammatory changes along time. This experimental NGI
model of chronic laryngitis may be useful for future stud-
ies 1) in analyzing the molecular development of chronic
inflammatory syndromes of the larynx, 2) in determining
the clinical long-term consequences for chronic NGI pa-
tients, and 3) in evaluating the effect of new therapeutic
approaches for clinical treatment of prolonged laryngitis.
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ABSTRACT

Treatment of neurogenic laryngitis is unsatisfactory due to side effects of non-selective non-steroid
anti-inflammatory drugs. Although specific cyclooxygenase-2 (COX-2) inhibitors are known to have less
aerodigestive adverse side effects, there are no reports of their use in this pathology. Groups of rats were
submitted to the nasogastric intubation model (NGI) of laryngitis during one and two weeks. One NGI group was
submitted to a therapeutic trial with the specific COX-2 inhibitor Etoricoxib once daily (NGI+ETORI), another was
submitted only to NGI by a daily administration of vehicle (NGI+VEHIC) and a third group was not intubated
(CONT). Laryngeal sections were immunostained for analysis of the density of substance P (SP) and calcitonin
gene-related peptide (CGRP) sensitive fibres and quantification of COX-2 positive cells through stereological
analysis. Additionally, the expression of COX-2 and interleukins IL-13, IL-6, IL-10 and tumour necrosis factor-a

(TNF-a) were determined by Real Time RT-PCR.

In NGI+VEHIC animals, we observed a depletion of laryngeal epithelial SP- and CGRP- immunoreactive
(IR) fibres, which was associated with decreased levels of IL-10 and with an over-expression of COX-2, IL-1[3, IL-
6, and TNF-a mRNA levels and COX-2-IR cells after 1 and 2 weeks of NGI. Additionally, histology revealed an
increased number of mucosal inflammatory mononuclear cells and glandular hypertrophy and hyperplasia.
Treatment with Etoricoxib during one week (NGI+ETORI) attenuated the CGRP-IR fibre depletion, the COX-2-IR
increased cell number and TNF-a and COX-2 mRNA increased levels induced by NGI. Two weeks of treatment
had no therapeutic effect. Data show that Etoricoxib is effective in neurogenic laryngitis for limited periods of
administration and suggest that alternative treatments using specific COX-2 inhibitors may be considered in the

future due to their reduced aerodigestive side effects.
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INTRODUCTION

The aetiology of certain forms of laryngitis is unknown and therapeutics may fail due to the adverse
side effects of the anti-inflammatory drugs and corticosteroids that are usually used (Warner et al, 2004).
Neurogenic inflammation results from interaction between immune and nervous systems (Chrousos and Gold,
1992; Maier and Watkins, 1998; Black, 2002). Neuropeptides like substance P (SP) or calcitonin gene related
peptide (CGRP) (Black, 2002; O'Conner et al, 2004), which are contained in peripheral sensitive nerve fibres,
are involved in inflammatory actions induced by several stimuli (Weinstock, 1992; Foreman, 1987). Some
studies showed a neurogenic component in some pathologies like asthma, rhinitis and rheumatoid arthritis
(Richardson and Vasko, 2000). Recently, we demonstrated a neurogenic factor in a new model of experimental
laryngitis (Lima-Rodrigues et al, 2007). The intraepithelial nerve fibres of the larynx are important for
bronchopulmonar defence (Lima-Rodrigues et al, 2004). These fibres project into the laryngeal lumen (Lima-
Rodrigues et al, 2004) and are rich in SP and CGRP (Hisa et al, 1985; Tanaka et al, 1993; Hisa et al, 1994).
The release of these neuropeptides can induce neurogenic laryngitis as shown by the increased expression of
inflammatory cytokines like interleukin-18 (IL-1B), IL-6 and tumour necrosis factor a (TNF-q), and the

decreased expression of the anti-inflammatory cytokine IL-10 (Lima Rodrigues et al, 2007).

Nasogastric intubation (NGI) is largely used in clinical practice and can induce important respiratory
disorders like aspiration pneumonia or laryngitis (Friedman and Baim, 1981; Gomes et al, 2003; Lima-
Rodrigues et al, 2007). We previously demonstrated that NGI is a good model to study laryngitis in the rat since
no direct lesion of the laryngeal epithelium is induced. Additionally, we observed an over-expression of COX-2
enzyme in the laryngeal mucosa (Lima-Rodrigues et al 2007), which represents the inducible form of COX
enzyme following pathological stimulation in apposition to the constitutive COX-1 type (Warner and Mitchell,
2004). This indicates that selective COX-2 inhibitors may be useful in the treatment of respiratory pathology
(Fitzgerald and Patrono, 2001), as in other pathologies the block of COX-2 activity by the administration of

these non steroid anti-inflammatory drugs (NSAIDs) was shown to present an anti-inflammatory action (Emery

61



M. Lima-Rodrigues

et al, 1999; Katory and Majima, 2000; McQuay and Moore, 2005).

Classic non-selective NSAIDs and corticosteroids used to treat laryngitis have well known aero-digestive
adverse side effects when compared to the specific COX-2 inhibitors (Warner and Mitchell, 2004; Bruton et al,
2006; Poplawski and Sosnowski, 2006). Recent studies have demonstrated the utility and sensitivity of the
latter drugs in throat pain (Shachtel et al, 2007) but, to the best of our knowledge, there are no experimental
studies evaluating the use of selective COX-2 inhibitory NSAIDs in laryngitis. In order to analyse the potential
effect of selective COX-2 inhibitors in neurogenic laryngitis, we studied the effect of Etoricoxib administrated
from the beginning of nasogastric intubation upon the inflammatory process, through immunohistochemical

techniques and molecular biology markers of inflammation, one and two weeks after NGI.

MATHERIAL AND METHODS

Animals

This study was performed in 60 male rats weighing 350-450 gr, obtained from the Wistar Han colony
of Charles River Company (Barcelona, Spain). The experiments were carried out in accordance with National
regulation for handling of laboratory animals (Veterinary General Directive Board, Ministry of Agriculture, Rural
Development and Fishing) and European Union Council Directive 86/609/EEC. Animals were lightly
anesthetized with inhaled isoflurane in order to allow swallowing reflex, and submitted to NGI procedure (Lima-
Rodrigues et al, 2007). A 10-12 cm small bore nasogastric aspiration tube used for NGI in premature newborns
(cat. No 533.04; Vigon Laboratoires Pharmaceutiques, Ecouen, France) was inserted in the rat oesophagus until
the stomach, with the external tip being sutured to the nasal lateral cartilages. Animals recovered and returned to
their cages.

Animals were distributed along five groups, each one with 12 animals (n=6 for imunohistochemical

processing; n=6, for molecular biology analysis):
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- NGI+ETORI: submitted to NGI and treated with Etoricoxib since the first day of intubation during 1
week;
- NGI+ETORI: submitted to NGI and treated with Etoricoxib since the first day of intubation during 2
weeks;
- NGI+VEHIC: animals submitted to NGI were given only saline with 5% glucose for 1 week;
- NGI+VEHIC: animals submitted to NGI were given only saline with 5% glucose for 2 weeks;
- CONT: non-intubated rats were used as naive control larynxes.
After completion of the intubation period, animals for immunohistochemical experiments were perfused
under anaesthesia (isoflurane and 35% chloral hydrate, intraperitoneally) through the ascending aorta with 4%
paraformaldehyde in PBS 0,01M. After confirmation that the NGI tube was still inserted until the stomach, the
larynx was removed and immersed in the same fixative followed by 30% sucrose in 0.1 M PBS overnight. Animals

used for Real Time RT-PCR studies were anesthetized with isoflurane and sacrificed with 35% chloral hydrate i.p..

Larynxes were excised immediately, macerated and immersed in 0,8 ml of TRIzoI® (Invitrogen®, California,

USA) and stored at -80°C.

Drug therapy
Etoricoxib (Exxiv® 60 mg, Bial, Bial-Portela & Ca., S.A., Portugal) was suspended in 0.9% sterile saline

with 5% glucose and administered to each animal in the dose of 6mg/Kg/day, by oral gavage, once a day.

Histology and Immunocytochemistry

Laryngeal coronal frozen sections (20 um) obtained with a cryostat were processed for
immunohistochemistry. Alternate sections were incubated overnight at room temperature with rabbit anti-CGRP
(1:6000; Bachem, San Carlos, CA, USA) or rabbit anti-SP (1:6000; Bachem) antibodies in a PBS solution 0,1
M at pH 7,2 containing 0.3% triton X-100 (PBST). After washing with PBST, sections were then incubated with
biotinylated goat anti-rabbit antibody (1:200; Vector Laboratories, Burlingame, CA, USA) in PBST for 1 hour,

washed in PBST and then incubated with avidin-biotin complex (ABC) (1:200; Vector Laboratories, Burlingame,
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CA, USA) in PBS for 1 hour. After rinsing in PBS and 0.1 M tris-HCI buffer (pH 7.4) the antigen-antibody
reaction was visualised with a diaminobenzidine (DAB) (Sigma Chemical Company, USA) solution.

COX-2 immunohistochemistry was carried out according to the streptavidin-biotin-peroxidase complex
technique (Ultravision Detection System Anti-polyvalent, HRP, Lab Vision Corporation, Fremont, CA, USA), using
a primary antibody raised against COX-2 protein (Rabbit monoclonal antibody, clone SP21; Neomarkers,
Freemont, CA, USA) diluted 1:400. Slides were sequentially washed in PBST 0.02 % Tween 20 and incubated
with 3% H,0, in methanol for 10 min. This was followed by incubation with blocking solution for 10 min and
then the primary antibody solution for 2 h, at room temperature. Sections were then sequentially washed in
PBS/0.02% Tween 20 and then incubated with biotinylated goat anti-polyvalent antibody for 10 min and
streptavidin peroxidase for 10 min. Immunoreaction was revealed using DAB as chromogen, as above. Slides
were counterstained with Mayer haematoxylin (Merck, Darmstadt, Germany). Negative controls were performed

by omission of the primary antibody.

Stereological procedures

Sections were analyzed in an Axioskop 2 plus light microscope and images of laryngeal histological
data were taken using an Axiocam HRC camera and AxioVision 3.1 software (Carl Zeiss, Germany). Cell and
fibre numbers were estimated using the optical fractionator method (West et al, 1991). Briefly, this consists of
virtual 3D-boxes (150um x 150um x 30um) equally spaced grids that were superimposed by the software on
every 8" coronal laryngeal section after drawing the limits of the area under study in the laryngeal mucosa. The
number of COX-2 immunoreactive cells and SP and CGRP immunoreactive fibres that crossed the gridlines in
every randomized site was counted. The estimated numbers were calculated from the ratio between the total
number of counted cells and fibres crossing the grid site and the number of grid sites per area. The coefficients
of error were automatically computed by the software according to the formulas of Gundersen for cell numbers

(West et al, 1991; Gundersen et al, 1999).
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mRNA extraction and RT-PCR

Total mRNA in the larynx was extracted by adding 160 ul CHCI, (Sigma-Aldrich, USA) followed by
centrifugation at 13000 rpm for 15 min at 4°C. The supernatant was carefully collected and total mRNA was
precipitated using iso-propanol (2-propanol, molecular biology, min. 99%; Sigma) followed by centrifugation at
13000 rpm for 15 min at 4'C. Ethanol 70% was used to wash the mRNA pellet, which was then, re-centrifuged
at 9000 rpm for 5 min at 4-C. The supernatant was carefully discarded and the pellet allowed to dry at 4°C.

Finally, the pellet was ressuspended with 50 ul of DNAse/RNAse free distilled water (Gibco, USA). Total mRNA

was quantified by spectrophotometry using the NanoDrop® equipment (NanoDrop Technologies, Wilmington,

USA). Subsequently, samples of total mRNA with the same concentration (2ng/10 pul) were reverse transcribed
in a thermocyclator My Cycler Thermal Cycler® (Bio-Rad®, California, USA) using a Superscript Kit I

(Invitrogen®, California, USA), and Oligo dT (Invitrogen®, California, USA). Reverse transcription was
performed at 42°C for 60 minutes followed by RT inactivation at 70°C for 15 minutes. The cDNA was then

subjected to Reverse Transcription Polymerase Chain Reaction (Real Time RT-PCR) procedures for
quantification of laryngeal mRNA levels of B-Actin, IL-1B3, TNF-q, IL-6, IL-10 and COX-2, using the Ligh’[CycIer®

(Roche®, USA) and a SYBR Green PCR Master Mix (QIAGEN GmbH, Hilden, Germany) according to the
manufacturer’s instructions. Primer sequences used to amplify various cDNAs were already determined and
shown in a previous study of the group (Lima-Rodrigues et al, 2008). A typical RT-PCR protocol was performed
under the following conditions: a 15 min hot start at 95°C, followed by 40 three-temperature cycles (94° C
denaturing for 15 s; 58° C annealing for 20 s; and 72° C extension for 15 s), melting at 60° C until 95° C for
90 s and finally cooling to 35° C. Melting point analysis was used to confirm the specificity of the SYBR Green

assays. Gene expression of the housekeeping gene B-Actin was used for normalization of the results.
Data analysis

Results are expressed after statistic analysis using Graph Pad Prism version 4.00 for Windows (Graph

Pad Software, San Diego, CA, USA). Means were compared using one-way ANOVA statistical evaluation
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followed by Tukey HSD Post-hoc test, and differences were considered to be significant when p< 0.05.

RESULTS

Etoricoxib blocks the decrease of CGRP-IR fibers induced by one-week NGI

The experimental NGI model of laryngitis and therapeutical protocol using Etoricoxib induced different
changes in the expression of neurogenic peptides at the end of both first and second week (ANOVA, CGRP
p<0,05; SP p<0,05) (Figs. 1-3).

After the first week, there was a significant decrease in the number of CGRP-IR (Figs. 1A; 2A, B) and
SP-IR (Fig. 1B; 2D, E) fibres in NGI group, when compared with naive animals (NGI+VEHIC,, x CONT, CGRP
p<0,001; SP p<0,001, Tukey test). The one-week therapy with Etoricoxib reverted the decrease in the number
of CGRP-IR fibres to control levels (NGI+ETORI,, x NGI+VEHIC,,, p<0,01; NGI+ETORI,,x CONT, p>0,05, Tukey
tests) (Figs. 1A; 2C). However it did not affect the decrease of SP-IR fibres observed in the NGI plus vehicle
group (NGI+ETORI,, x NGI+VEHIC,,, p>0,05; NGI+ETORI,, x CONT, p<0,05, Tukey tests) (Figs. 1B; 2F).

At the end of second week, there was a decrease in the number of CGRP-IR fibres either in NGI plus
vehicle (NGI+VEHIC,, x CONT, p<0,001, Tukey test) (Figs 1A; 3A, B) or NGI animals treated with Etoricoxib
(NGI+ETORIL, x CONT, p<0,001, Tukey test) (Figs. 1A; 3A, C). Regarding SP-IR fibres, the same results were
observed in both groups (NGI+VEHIC,, x CONT, p<0,01, Tukey test) (Figs. 1B; 3D, E) (NGI+ETORI,, x CONT,

p<0,001, Tukey test) (Figs. 1 B; 3D, F).

Etoricoxib blocks the increase of TNF-a mRNA expression induced by one-week NGI

The NGI experimental model induced significant changes in inflammatory mediators at the laryngeal

mucosa. In what concerns TNF-a (ANOVA, p<0,001), mRNA levels increased significantly after one and two

weeks of NGI (NGI+VEHIC,, x CONT, p< 0,001; NGI+VEHIC,x CONT, p<0,001; Tukey tests) (Fig. 4). After an
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one-week treatment with Etoricoxib (NGI+ETORI), the specific COX-2 inhibitor blocked the increase of TNF-a
expression induced by NGI, reducing it to values similar to those obtained by controls (CONT) after one week of
NGI (NGI+ETORI,, x NGI+VEHIC,,, p<0,001; NGI+ETORI,,x CONT, p>0,05, Tukey tests). However no reduction
of TNF-a values were observed after two weeks of treatment with Etoricoxib (Fig. 4).

Concerning IL-1B expression (ANOVA, p<0,01), the treatment with Etoricoxib did not affect the level of
expression after the first week, but even increased mRNA values (NGI+ETORI,, x CONT, p<0,01, Tukey test)
after two weeks (Fig. BA). The IL-6 levels increased in the larynx of both groups of intubated rats (vehicle and
Etoricoxib after one or two weeks) (ANOVA p<0,001) (NGI+ETORI,, x CONT, p<0,05; NGI+ETORI,, x CONT,
p<0,001, Tukey tests) (Fig. 5B). In the case of IL-10 (ANOVA, p<0,05), NGI induced increased expression
after two weeks (NGI+VEHIC,, x CONT, p<0,05), which was reverted with the treatment with Etoricoxib

(NGI+ETORIL,, x NGI+VEHIC,,, p<0,05, Tukey test) (Fig. 5C).

Etoricoxib blocks the increase of COX-2-IR and mRNA expression induced by one-week NGI

Changes in the expression of COX-2 were detected through the increase in both the mRNA levels
recorded by RT-PCR (ANOVA, p<0,001) (Fig. 6A) and in the number of COX-2 cells by immunohistochemistry
(ANOVA, p<0,01) (Fig. 6B; 7). In what concerns laryngeal mRNA levels of COX-2, no expression was detected
in the CONT group. After one week of NGI, the values increased significantly (NGI+VEHIC,, x CONT, p<0,05,
Tukey test), with the treatment with Etoricoxib being effective in the reduction of mRNA levels (NGI+ETORI,, x
NGI+VEHIC,,, p<0,05, Tukey test). After two weeks of treatment there was no reduction of the increased COX-2
mRNA levels observed in the NGI+VEHI group (Fig. 6A).

Concerning the presence of laryngeal cells expressing COX-2, there was an increased number after
the first week of NGI when compared to naive animals (NGI+VEHIC,, x CONT, p<0,01, Tukey test) (Fig. 7A,B)
which was also reverted at the end of first week of treatment with Etoricoxib (Fig. 7B, C), but not after the
second week (NGI+ETORI,, x NGI+VEHIC,,, p<0,001; NGI+ETORL,, x NGI+VEHIC,,, p> 0,05; Tukey tests) (Fig.

6B; 7E, F).
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DISCUSSION

Classic anti-inflammatory drugs have aero-digestive adverse side effects due to their block of the
constitutive COX-1 enzyme, contrary to specific cyclooxygenase-2 (COX-2) inhibitors, which block selectively the
activity of the inducible COX-2 (Emery et al, 1999; Kiefer and Dannhardt, 2004). However, to the best of our
knowledge, there are no indications in clinical practice to the use of the latter drugs in laryngitis, probably
because the expression of COX-2 in the larynx and the potential therapeutic effects of these drugs have not
been explored in detail. In clinics and in experimental studies, NGI induced laryngitis (Friedman et al, 1981;
Lima-Rodrigues et al, 2007) and COX-2 over-expression was shown in inflammatory laryngeal cells (Lima-
Rodrigues et al, 2007). In the present study, by showing decreased levels of COX-2 and TNF-a and reversion of
depletion of the neurogenic CGRP peptide at the end of the first week, NGI animals treated with a specific COX-

2 inhibitor revealed an anti-inflammatory effect during the first week of laryngitis.

Animals submitted to one week of nasogastric intubation (NGI+VEHIC,, group) showed increased COX-
2, TNF-a and IL-6 mRNA levels, as well as an increased number of laryngeal cells immunoreactive to COX-2.
These data are in accordance with studies including other inflammatory conditions, where these molecules are
also significantly increased (Oprée and Kress, 2000; Slogoff et al, 2004). TNF-a and IL-6 induce COX-2
expression (Wendum et al, 2004) and are known to release the pro-inflammatory neuropeptides SP and CGRP
(Kopp et al, 2000; Oprée and Kress, 2000) in different tissues, including the laryngeal mucosa (Lima
Rodrigues et al, 2007). In the group submitted to NGI and treated simultaneously with Etoricoxib
(NGI+ETORI,), COX-2 and TNF-a mRNA levels decreased, as well as the number of laryngeal cells
immunoreactive to COX-2; this is indicative of an anti-inflammatory action of the COX-2 selective anti-
inflammatory drug Etoricoxib in the larynx of intubated rats. However, no changes were observed in the IL-6, IL-
1B and IL-10 mRNA levels. This could be conflicting data because Etoricoxib inhibits the KB nuclear factor (NF-
KB) (Mack Strong et al, 2001; Pruthi et al, 2004; Kiefer and Dannhardt, 2004; Slogoff et al, 2004; Waes,

2007), an important mediator in many inflammatory conditions, and thus the levels of these interleukins were
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expected to be altered. These results may be explained by the occurrence of alternative pathways of cytokine
production to that of NF-KB, for example through alterations of the activity of cellular kinases such as IKKbeta,
Erk, p38 MAPK, or Cdks (Fiebich et al, 2000; Tegeder et al, 2001). Another explanation may have been a
counterbalanced production of interleukins, as other selective COX-2 inhibitors have the capacity to induce IL-6

production and not its reduction (Hartel et al; 2004; Cuzzocrea et al, 2002; Kiefer et al, 2004).

Concerning two weeks of NGI, comparatively to controls, there was an increased level of IL-6, TNF-Q,
IL-10 and COX-2 mRNA expression in the NGI+VEHI, group, confirming the presence of a marked
inflammatory process. The higher levels of the anti-inflammatory interleukin IL-10 can be viewed as an attempt
of the immunologic system in order to auto-regulate the inflammatory process (Moore et al, 2001). Changes in
mRNA expression and density of COX-2 cells are not equivalent because the area of inflammatory mucosa
increased along the time of intubation and those are normalized values. Along the time of intubation the
oedema of mucosa increases and although the absolute number of COX-2 positive cells increases, in the
stereological analysis these values are diluted by the augmenting oedema. The treatment with Etoricoxib after
two weeks of intubation(NGI+ETORI,,) induced an increase of IL-1f3 and IL-6 mRNA levels and a decrease of IL-
10 expression that did not occur in the NGI+VEHIC,, group. The increased levels of IL-10 mRNA in the
NGI+VEHI group can be an immunologic anti-inflammatory response (Kourea et al, 2007; Toebak et al, 2007)
that is aborted by Etoricoxib, whereas the increase of IL-6 can be explained by the capacity of COX-2 inhibitors
to induce IL-6 production (Hartel et al; 2004; Cuzzocrea et al, 2002; Kiefer et al, 2004). It is possible that COX-
2 inhibitors can also induce IL-1B production by cellular kinases as well as IL-6 but, to the best of our
knowledge, there are no experimental data supporting this hypothesis. Concerning the TNF-a and COX-2
expression, which were decreased by Etoricoxib after one week of NGI, the values obtained following two weeks
of treatment were similar to the NGI group, which seems to indicate a loss of therapeutic effect of the drug after

long periods of administration (Katory and Majima, 2000; Tegeder et al, 2001).

Concerning neuropeptides, in this model of laryngitis Etoricoxib attenuated the depletion of CGRP but

not SP at the end of the first week of NGI. In our previous studies, we found that SP-IR fibres were fewer in
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number than CGRP-IR fibres in the larynx. This finding suggests that CGRP is the most important peptide that
occurs in the laryngeal epithelium (Lima-Rodrigues et al, 2004; 2008). Accordingly, the most important
neurogenic anti-inflammatory action of COX-2 inhibitors, was shown in the present work to occur through a
CGRP-mediated mechanism. CGRP receptors are co-localized with prostaglandin receptor (EP4 receptor-like
immunoreactivity) at thin nerve terminals and Prostaglandin E2 (PGE2) enhances CGRP release (Goodis et al,
2000). It is known that activation of mechanosensory nerves by COX-2 results from increasing levels of
Prostaglandin E2 (PGE2) (Kopp et al, 2000). Thus, in the larynx, COX-2 inhibitors may block predominantly
PGE2 production and CGRP depletion. At the end of the second week the drug becomes ineffective in avoiding
CGRP (and SP) depletion, which is in accordance with the lost of anti-inflammatory effect seen already in terms

of cytokine and COX-2 expression.

After this experimental therapeutic trial, we conclude that NGI induces neurogenic laryngeal
inflammation through the release of neuropeptides SP and CGRP by laryngeal sensitive fibres and,
simultaneously, the overexpression of other inflammatory markers. The attenuation of laryngitis induced by the
selective COX-2 inhibitor Etoricoxib at first week of treatment indicates that this drug can be administrated
during limited periods of time. Moreover, data suggest that Etoricoxib should be evaluated in the future as an
alternative to the treatment of laryngitis due to reduced side effects comparatively to non-selective NSAIDs
currently used in clinical practice. In support to this hypothesis, recent clinical studies demonstrate efficacy of
other specific COX-2 inhibitor (Valdecoxib) in a throat pain clinical model of tonsillo-pharyngitis and no

significant adverse side effects were observed (Schachtel et al, 2007).
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FIGURE LEGENDS

Figure 1- Effect of Etoricoxib treatment upon CGRP-IR (A) and SP-IR (B) fibre immunoreactivity after one and
two weeks of NGI. Note that the decrease in CGRP-IR fibres was reverted by the treatment with
Etoricoxib after the first, but not after the second week of NGI. The decrease induced in SP-IR fibres was

not reverted by the treatment. *p<0,05; **p<0,01; ***p<0,001

Figure 2- Photomicrographs of CGRP-IR (A, C) and SP-IR (D-F) sensitive fibres in the laryngeal mucosa in
naive (control) animals (A, D)and following one week of NGI plus vehicle (B, E) and NGI plus treatment
with the selective COX-2 inhibitor Etoricoxib (C, F). It is clear the reduction in the presence of CGRP and
SP immunoreactive fibres in the mucosa induced by NGI (B-E) and the recovery of CGRP-IR to control

levels allowed by the treatment with Etoricoxib (C). Arrows-fibres

Figure 3- Photomicrographs of CGRP-IR (A, C) and SP-IR (D-F) laryngeal fibres in control (A, D) animals and
following two weeks of NGI plus vehicle (B, E) and NGI plus Etoricoxib treatment (C, F). Note, that in
this case the treatment with selective COX-2 inhibitor did not revert (C, F) the reduction of laryngeal

neuropeptidergic fibres induced by nasogastric intubation (B, E). Arrows-fibres

Figure 4- Effect of Etoricoxib treatment upon the relative mRNA expression of TNF-Q after one and two weeks of
NGI. The selective COX-2 inhibition reverted to the control levels the increase in TNF-Q expression

induced by NGI after one week of treatment, but not after two weeks. *p<0,05, **p<0,001; ***p<0,001

Figure 5- Effect of Etoricoxib treatment upon the relative mRNA expression of IL-1B3 (A), IL-6 (B) and IL-10 (C)
in the laryngeal mucosa, after one and two weeks of NGI. Animals treated with Etoricoxib showed higher
levels of interleukins than NGI alone after two weeks of nasogastric intubation. *p<0,05, **p<0,001;

***p<0,001
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Figure 6- Effect of Etoricoxib treatment upon laryngeal inflammation measured by COX-2 levels of mRNA (A)
and cells (B) present in the mucosa after one and two weeks of NGI. Note that the drug was effective
only at the first week by reducing both the levels of mMRNA and the number of COX-2-IR cells to control

levels. *p<0,05, **p<0,001; ***p<0,001

Figure 7- COX-2 immunoreactive (IR) cells in the laryngeal mucosa in naive (control) animals (A, D) and
following one week of NGI plus vehicle (B, E) and NGI plus treatment with the selective COX-2 inhibitor
Etoricoxib (C, F). The reduction of COX-2-IR cells in the mucosa induced by NGI (B-E) after one week

(C) is more evident than after two weeks (F) of treatment with Etoricoxib. Arrows - COX-2-IR cells.
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“Neurogenic laryngitis results in decreased expression of tumoral suppressors”

Abstract — Soc Neurosci Abstr (2008), in press
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NEUROGENIC LARYNGITIS RESULTS IN DECREASED EXPRESSION OF TUMORAL SUPPRESSORS

Lima-Rodrigues M, Vieira A, Lamas N, Valle- Fernandes A, Cruz A, Baltazar F, Castro AG,

Reis RM, Almeida A

Life and Health Sciences Research Institute, School of Health Sciences, University of Minho, Campus de

Gualtar, Braga, Portugal

pl6 and p53 are two important tumoral suppressor molecules involved in the process of laryngeal
tumoral transformation. Genetic changes at the sites of these two important tumour suppressor molecules are
detected in pre-malignant laryngeal lesions and are used as potential markers for cancer risk assessment. We
have developed recently an animal model of neurogenic laryngitis induced by nasogastric intubation (NGI).
Here we evaluated the hypothesis of a possible correlation between chronic inflammation and the induction of
premalignant lesions of the laryngeal mucosa by analyzing the expression of the mRNA of p16 and p53 tumoral
markers in the larynx.

Groups of rats submitted to one, two and five weeks of NGI were compared with a control group (not
intubated). Alterations in p16 and p53 were evaluated by quantitative real time RT-PCR in larynxes removed
from these animals after sacrifice with a lethal dose of anaesthesia.

Concerning mRNA expression levels of these tumoral suppressors, p16 was decreased after 5 weeks
of NGI whereas p53 decreased already after one week NGI and remained decreased during the 5 weeks of
intubation.

Increasing periods of neurogenic laryngitis induced by NGI results in a decrease of mRNA levels of p16
and p53 tumoral suppressors in the laryngeal mucosa. Data suggest that chronic laryngitis may result in an
increased risk of developing precancerous conditions and, eventually, laryngeal cancer.

Study supported by Calouste Gulbenkian Foundation Project n® 74551.

1. Lima-Rodrigues M et al. A New Model of Laryngitis: neuropeptide, COX and cytokine profile. Laryngoscope,
118:78-86 (2008).
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Figure 1- p16 relative expression of mRNA levels in the larynx of controls and animals submitted to different periods (W-

weeks) of nasogastric intubation (NGI). Note the continuous decrease of p16 expression, reaching a significant difference

from controls after 5 weeks of laryngitis. *p<0,05.
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THE ANATOMICAL RECORD PART A 288A:543-551 (2006)

Distribution of Neuromuscular
Junctions in Laryngeal and Syringeal
Muscles in Vertebrates

MANUEL LIMA-RODRIGUES, ! ANA VALLE-FERNANDES, ! RUI NUNES, 2
AND ARMANDO ALMEIDA'*
1Life and Health Sciences Research Institute, School of Health Sciences,
University of Minho, Braga, Portugal
2Faculty of Medicine of Oporto, Oporto, Portugal

ABSTRACT

Vertebrates are capable of producing a variable sound spectrum. In mammals, lissam-

phibia, and reptiles, the larynx is the vocal organ responsible for sound production, whereas
in birds it is produced by the syrinx, an avian organ located at the base of trachea. The
distribution of neuromuscular junctions responsible for the fine control of laryngeal muscle
(LM) and syringeal muscle (SM), although studied with some detail in human LM, remains
mostly unknown in other vertebrates. In the present study, we analyzed the distribution of
motor end plates (MEPs) in LM/SM of different vertebrate classes using the histochemical
detection of acetylcholinesterase: the thyroarytenoid and cricoarytenoid LM of mammal
(human, rat, and rabbit) and cricoarytenoid LM of nonmammalian (frog and avian) species
and the tracheobronchial SM of rooster and pigeon. In humans and frogs/avians, MEPs were
distributed diffusely along, respectively, the thyroarytenoid-cricoarytenoid and the cricoar-
ytenoid LM fibers, whereas in rats and rabbits, MEPs were concentrated in a transverse band
located in the middle of thyroarytenoid and cricoarytenoid muscle fibers. In roosters and
pigeons, MEPs were distributed diffusely along SM fibers. The highly diffuse MEP distribu-
tion along human thyroarytenoid and cricoarytenoid fibers indicates that these muscles can
markedly change their degree of contraction, which may contribute for the large range of different
sounds produced by human vocal folds. The same rationale was applied to discuss the possible
functional significance of the morphological distribution of MEPs along the LM/SM of the other
vertebrates analyzed. Anat Rec Part A 288A:543-551, © 2006 Wiley-Liss, Inc.

Key Words: motor end plates distribution; syringeal muscle; thyroarytenoid
muscle; cricoarytenoid muscle; vertebrates o 2006 Wiley-Liss, Inc.

It is well known that vocalization varies significantly
among vertebrates (Kardong, 2002). Although most as-
pects of vocal production are essentially similar between
the vocal tracts of humans and other animals, a few key
differences underlie vocal specificity along vertebrates:
the importance of resonance capacity of the higher portion
of the vocal tract, the position of the larynx in the throat,
the capacity of vocal imitation, and the sophistication of
nervous motor control over vocal articulates (Fitch, 2000;
Fitch and Hauser, 2002). Even between mammals, two
gross morphological differences are particularly promi-
nent in nonhuman mammals and do not exist in humans:
air sacs and vocal membranes. The former are present in
bats and primates, whereas the latter are present in sev-
eral primates, including apes (Mergell et al., 1999). More-
over, the organ responsible for sound production is not the
same along vertebrates with the larynx and vocal folds
being responsible for sound production in mammals, rep-

© 2006 WILEY-LISS, INC.
91

tiles, and lissamphibians (Kardong, 2002), whereas in
birds, this role is played by a special subtracheal struc-
ture, the syrinx. Finally, the thyroid cartilage is present in
the larynx of mammals but is absent in the other verte-
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brate classes. This fact implicates that the role of the
thyroarytenoid laryngeal muscle in phonation and as an-
atomical glottal sphincter in mammals is played by the
cricoarytenoid muscle in lissamphibia (phonation and an-
atomical sphincter) and avians (just as glottal sphincter)
(George and Berger, 1966; Storer et al., 1979; Kardong,
2002).

In anuran lissamphibians, vocal communication is cru-
cial in their social behavior and thus they can have a
complex vocalization pattern, mainly in males (Storer et
al., 1979; Boyd et al., 1999; Kelley, 2004). The elaborated
song production in songbirds is thought to parallel human
speech in several aspects, namely, dependence on learning
(Marler, 1970), gradual motor development (Marler and
Peters, 1982; Podos et al., 1995), lateralized brain special-
ization areas for production and perception (Nottebohm,
1971, Vicario, 1993; Wild, 1993), and importance of vocal
tract movements in many aspects of song production
(Hoese et al., 2000). In contrast, very little is known about
reptile vocalization (Young et al., 1995; Hartdegen et al.,
2001; Sacchi et al., 2004), and little or nothing is known
about vocal production in most nonpasserine birds and
most mammalian orders (Fitch and Hauser, 2002).

The understanding of animal vocal production and its
motor innervation is still largely unknown (Fitch, 2000).
However, taking into account that the contraction of mus-
cle fibers is mediated by motor units and their neuromus-
cular junctions, it is possible that the degree of vocal
variability depends, at least in part, on the number and
distribution of motor end plates (MEPs) along laryngeal
muscle (LM) and syringeal muscle (SM). However, very
few studies have focused on the fine anatomy of motor
units in vocal muscles. In what concerns mammals other
than humans, only two other studies analyzed the distri-
bution of the motor innervation of the rat larynx (Pais-
Clemente and Lima-Rodrigues, 1996; Inagi et al., 1998).
To the best of our knowledge, no studies have been per-
formed on the anatomy of laryngeal/syringeal fine muscle
motor control in other mammals and other vertebrate
taxa, including lissamphibia and birds.

In humans, the lateral cricoarytenoid and thyroaryte-
noid muscles are very important in sound production since
they are essential in closing the glottis (by rotating the
arytenoid cartilages medially) and in pitch control
(Greene, 1989; Williams et al., 1999). The increasing clin-
ical importance of botulinum toxin therapy to block thy-
roarytenoid and crycoarytenoid MEP in laryngeal distonia
(Blitzer et al., 1986; Castellanos et al., 1994; Bielamowicz
et al., 2002; Tisch et al., 2003; Maronian et al., 2004)
requires a deeper knowledge of human laryngeal motor
innervation in order to better understand the nature of
this disease. However, the pattern of motor innervation of
the thyroarytenoid and crycoarytenoid muscles is still a
matter of discussion. MEPs distributed diffusely along LM
with no recognized band or any cluster arrangement
(Rosen et al., 1983; Périé et al., 1997), covering two-thirds
of the vocal folds (Rossi and Cortesina, 1965a, 1965b), or
with a clear higher density in LM middle third (Pais-
Clemente and Lima-Rodrigues, 1996; Sheppert et al.,
2003) have been described.

Taking into account the relevant role of thyroarytenoid
muscles in mammals (phonation and glottal sphincter),
the cricoarytenoid muscles in mammals (phonation), lis-
samphibia (phonation and glottal sphincter), and avians
(glottal sphincter) and of the syringeal muscles in avians
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(phonation), we evaluate the pattern of fine motor inner-
vation of these muscles in vertebrates. The present study
analyzes the general distribution and morphology of
MEPs in the thyroarytenoid and/or cricoarytenoid LM of
three mammalian (human, rat, and rabbit), two avian
(rooster and pigeon), and one lissamphibian (frog) species
and in the tracheobronchial SM of the rooster and pigeon.

MATERIALS AND METHODS

Six laryngeal thyroarytenoid muscles from male adult
rat (Wistar strain, obtained from Charles Rivers, Barce-
lona, Spain), rabbit (Oryctolagus cuniculus), and frog
(Rana perezi) larynxes, six cricoarytenoid muscles from
the rat, rabbit, frog, rooster (Gallus gallus), and male
pigeon (Columba livia) larynxes, and six syringeal (bron-
chotracheal) muscles from the rooster and pigeon syrinxes
were obtained after anesthetizing the animals with ether.
Human vocal folds were obtained from six autopsy speci-
mens. LM and SM were removed and immediately im-
mersed in buffered 10% formalin, at pH 7.4, for 24 hr at
room temperature. In order to obtain serial longitudinal
sections of the muscle fibers, LM and SM were oriented
appropriately and cut into 50 wm sections in a cryostat.

For identification of MEPs, we performed a histochem-
ical detection of acetylcholinesterase activity by adapting
the method described by Koelle and Friedenwald (1949).
Briefly, sections were incubated in Koelle’s medium for 2
hr with final staining in a 5% ammonium sulfide solution
for 15 min. Sections were then placed in polylisine slides
and mounted in entellan. The maintenance of proper pH of
the reaction mixture and the addition of a selective
pseudocholinesterase inhibitor (Iso-OMPA), combined
with control sections where the reaction was performed
without substrate (acetyltiocholine iodide), allowed the
identification of a specific staining for acetylcholinesterase
activity. All LM and SM serial sections were then ana-
lyzed in a light microscope Axioskop 2 plus (Carl Zeiss,
Germany) and appropriate images of MEP distribution in
the different species studied were taken using an Axiocam
HRC camera and AxioVision 3.1 software (Carl Zeiss).

RESULTS

In humans, both the thyroarytenoid (Fig. 1B-D) and
cricoarytenoid laryngeal muscles presented a diffuse pat-
tern of MEP distribution along their muscle fibers, with
the middle zone (Fig. 1C) showing a higher density of
MEPs, followed by the posterior (Fig. 1D) and the anterior
(Fig. 1B) parts of the muscles. By contrast, in the rabbit
(Fig. 1A) and the rat (Fig. 2A and B), both the thyroary-
tenoid (Figs. 1A and 2A) and crycoarytenoid (Fig. 2B)
muscles presented their MEPs concentrated in a trans-
verse band located in the middle of the muscle fibers. As in
humans, the frog (Fig. 2C), the rooster (Fig. 3B), and the
pigeon (Fig. 3D) showed MEPs diffusely distributed along
the crycoarytenoid muscles. In what concerns the syrinx of
the rooster (Fig. 4A) and pigeon (Fig. 4C), the distribution
of MEPs along tracheobronchial syringeal muscles
showed, in both cases (Fig. 4B and D, respectively), a
scattered pattern along their entire extension.

In what concerns the morphology of laryngeal MEPs,
they were round in the rat (Fig. 5A), rabbit, and human
(Fig. 5D), whereas in the rooster (Fig. 5B), pigeon, and
frog (Fig. 5C), they were elongated, reaching frequently a
long fusiform profile. Syringeal MEPs were elongated in
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Fig. 1. Distribution pattern of motor end plates in the thyroarytenoid
muscles of rabbit (A) and human (B-D). Note in the rabbit the concen-
tration of MEPs in a transverse middle band (large arrows) of the thyro-
arytnoid muscle, whereas in human they are diffusely distributed along

different areas of this glottal muscle, namely, the anterior (B), middle (C),9

and posterior (D) portion, although with a higher density in the middle
portion. In the human larynx, small arrows indicate a few MEPs in the
anterior and posterior areas, whereas in the medial zone, large arrows
indicate multimotor end plates. Asterisk, laryngeal tract; tr, thyroid car-

3 tilage; p, posterior; a, anterior. Scale bar = 75 pm (A); 200 um (B-D).
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Fig. 2. Distribution pattern of motor end plates in the thyroarytenoid
(A) and lateral/posterior cricoarytenoid (B) muscles of the rat and the
cricoarytenoid muscles of the frog (C). In both laryngeal muscles ana-
lyzed in the rat, MEPs are concentrated in a transverse middle band
(large arrows), whereas in the frog cricoarytenoid muscle, they are

both the rooster (Fig. 5E) and pigeon (Fig. 5F). In humans,
MEPs were aggregated in groups in the same fiber, form-
ing multimotor end plates (Fig. 5D). In the frog vocal
muscles (Fig. 4B) and in SM (Fig. 3B and D) and LM (Fig.
2B and D) of the rooster and pigeon, the fibers seem also
to have several MEPs along their extension.

DISCUSSION

The data obtained in the present study indicate that the
fine motor innervation of the LM and SM analyzed, which
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scattered along the muscle fibers (small arrows). Asterisk, laryngeal
tract; a, arytenoid cartilage; cr, cricoid cartilage; Icr, lateral cricoaryte-
noid muscle; pcr, posterior cricoarytenoid muscle; p, muscle insertion
points. Scale bar = 100 pm.

have important functions in vocalization, varies within
different mammals and vertebrate taxa. Interestingly, the
distribution pattern of neuromuscular junctions along the
extension of LM in anuran lisamphibia and SM in birds is
more similar to that present in human vocal folds than to
the other mammals studied (rat and rabbit).

The sound source in mammals is the larynx (Fitch and
Hauser, 2002), with the thyroarytenoid and cricoarytenoid
muscles being relevant muscles supporting phonation in
humans (Greene, 1989; Williams et al., 1999) and other
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Fig. 3. Distribution pattern of motor end plates in the cricoarytenoid  microscopic level in B (rooster) and D (pigeon). In both avians, MEPs
muscles of the rooster (A and B) and pigeon (C and D). In the external  (arrows) are diffusely distributed (B, D) along the muscles, which may
macroscopic morphology of the rooster (A) and pigeon (C) larynxes, itis  present several MEPs innervating the same muscle fiber (large arrows).
possible to identify the crycoarytenoid cartilage (a), the crycoarytenoid e, laryngeal epithelium; p, muscle insertion points. Scale bar = 1 cm (A
muscle (asterisk), and the glottal aperture (g), which are shown at the  and C); 300 pm (B); 100 wm (D).
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Fig. 4. Distribution pattern of motor end plates in the syringeal mus-  are diffusely distributed (B and D) along the extension of the syringeal
cles of the rooster (A and B) and pigeon (C and D). Note in the external ~ muscles, with arrows indicating different series of neuromuscular junc-
morphology of the rooster (A) and pigeon (C) the tracheobronchial syr-  tions located apparently along the same fibers. Scale bar = 1.2 cm (A);
inxes (asterisks) and syringeal muscles (arrows). In both avians, MEPs 220 um (B); 0.4 cm (C); 150 wm (D).
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Fig. 5. Morphology of MEPs in the laryngeal muscles of mammalian
[rat (A) and human (D)] and nonmammalian [rooster (B) and frog (C)]
vertebrate classes and in syringeal muscles of the rooster (E) and pigeon
(F). A similar round configuration of MEPs in laryngeal muscles of mam-
mals (A and D) is in contrast with an elongated/fusiform morphology of
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MEPs in birds (B) and lissamphibia (C). An elongated morphology is also
a characteristic of MEPs in avian syringial muscles (E and F). Note in the
human vocal muscles several MEPs in a row are present in the same
muscle fiber (multimotor end plates; arrows). Scale bar = 10 um (A); 80
pm (B); 10 pm (C); 100 pwm (D).
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mammals. The differences between the human and rat
vocal folds in what concerns MEP distribution confirmed
our and other previous studies in humans (Pais-Clemente
and Lima-Rodrigues, 1996; Sheppert et al., 2003) and rat
(Pais-Clemente and Lima-Rodrigues, 1996; Inagi et al.,
1998). Human vocal folds showed a clear scattered distri-
bution of MEPs along LM, with a higher density in the
middle third of the muscle, whereas in the rat (and rab-
bit), MEPs were concentrated along a narrow band at the
midbelly of the vocal muscles. Although several factors are
important for vocalization (see Introduction), the different
MEP distribution between human and rat/rabbit vocal
folds suggests a different motor innervation of laryngeal
intrinsic muscles in humans when compared to the rat
and rabbit. Vocal fold muscles in humans present an elab-
orated motor control since different muscle fibers are in-
nervated at different rostrocaudal positions, thus allowing
a complex pattern of possibilities for muscle contraction.
By contrast, the fact that all muscle fibers in the rat and
rabbit vocal folds are innervated approximately at the
same rostrocaudal location suggests a more restricted
mode of contraction of the entire LM muscles.

It is well known that some anuran lissamphibia and
avian species can produce a complex pattern of different
sounds, respectively, from the larynx and the syrinx
(Storer et al., 1979). Applying the same rationale used for
mammals, the diffuse distribution of MEPs (as in human
vocal muscles) in lissamphibia cricoarytenoid muscles and
avian SM may contribute to their vocal versatility. In
what concerns the avian larynx, it does not appear to have
the capacity for producing sound (McClelland, 1989), but
may be used instead to modify sound originated from the
syrinx (Harris et al., 1968; White, 1968). The diffuse dis-
tribution of MEPs in the rooster glottal muscles suggests
some elaboration on the functions played by the avian
cricoarytenoid muscles.

Given the present results, it is possible that the diffuse
distribution of MEPs in the thyroarytenoid and cricoary-
tenoid in humans, in the latter muscle in anuran lissam-
phibia, and in the SM in birds may contribute to the fact
that humans can talk and produce voice, as some lissam-
phibia and birds can produce very complex sounds. This
difference in the fine motor innervation of vertebrate vocal
muscles does not seem to be correlated with the dimension
of muscle extension. In fact, animals with large larynxes
can have a scattered (human, rooster) or centered (rabbit)
MEP distribution in the cricoarytenoid muscles, whereas
larynxes from smaller species can also have a scattered
(frog, pigeon) or centered (rat) MEP distribution in the
same muscles. Thus, in what concerns LM/SM motor in-
nervation, humans are members of a group including
birds and lissamphibia and excluding other mammals.
Interestingly, several nonprimate species are able to
mimic human speech to a remarkable degree, as highly
trained parrots can have a large vocabulary of sounds that
they use with a communication objective (Pepperberg,
1991). This indicates that in terms of speech by vocal
imitation, humans are also members of an apparently
uncharacteristic group that includes birds (and aquatic
mammals such as dolphins) but excludes nonhuman pri-
mates (Fitch, 2000). However, physiological studies are
needed to elucidate on a possible correlation between MEP
distribution in vocal muscles and vocalization.

The morphological analysis of MEPs in the LM/SM of
animal species studied also revealed clear differences be-
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tween species: in mammalians (rat, rabbit, and human),
the motor end plates had round configuration, whereas in
birds (rooster, pigeon) and lissamphibia (frog), MEPs were
elongated and, frequently, fusiform. This suggests that,
contrary to the distribution of MEPs, the morphological
pattern of these structures is similar between species of
the same vertebrate taxa. Studies are needed in order to
elucidate the physiological significance of the change in
laryngeal MEP morphology along different vertebrate
classes.

The higher concentration of MEPs in the middle third of
the human vocal folds implicates a stronger tension of
contraction in that particular area. This may contribute to
the higher incidence of vocal cord nodes (kissing nodes) in
the correspondent region of the vocal fold epithelium (Pon-
tes et al., 2002). This observation suggests that the intra-
muscular injection of botulinum toxin in the middle third
of the thyroarytenoid and cricoarytenoid LM may be of
clinical importance not only for the treatment of spas-
modic disphonia (Blitzer et al., 1986; Castellanos et al.,
1994; Bielamowicz et al., 2002; Tisch et al., 2003; Maro-
nian et al., 2004), but also for recovering from kissing
nodes. However, other phonetic parameters such as aero-
dynamics, subglottal pressure, and amount/mode of pho-
nation are important etiological factors that should also be
taken into account for the treatment of vocal cord nodes
(Gunter, 2004).
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5. CONSIDERACOES FINAIS

O sistema nervoso pode constituir a base etiopatogénica de patologias da laringe, em
casos de inflamacao neurogénica ou de disturbios motores funcionais. Nas patologias respiratdrias
nao infecciosas e nao alérgicas, as terapéuticas sao limitadas e os mecanismos pouco conhecidos,
sendo os farmacos mais eficazes os corticosteroides e os anti-inflamatorios ndo esterdides com
propriedades de inibicdo nao selectiva das enzimas COX-1 e COX-2. O trabalho realizado nesta tese
procurou ndao so conhecer em detalhe a morfologia das fibras sensitivas terminais da mucosa
laringea, mas também desenvolver um modelo experimental de laringite neurogénica onde as bases
para futuras aplicacdes terapéuticas possam ser testadas; por outro lado, a avaliacdo detalhada da
enervacdo motora dos musculos vocais permitiu fazer uma analise do controlo muscular implicado na
vocalizacao dos vertebrados e perspectivar a aplicacdo mais especifica e localizada de terapias

centradas em patologias do foro motor da laringe.

5.1. Enervacao sensitiva da laringe: morfologia, patologia e aspectos terapéuticos

No que concerne a enervacao sensitiva da laringe, os estudos incluidos nesta tese
permitiram conhecer em detalhe a rede nervosa e a distribuicdo fina dos terminais axonais na
mucosa (PUBLICACAO I; Capitulo 4.1). Foi também desenvolvido o primeiro modelo de laringite
neurogénica descrito na literatura, o qual foi baseado na inducdo por entubacao nasogastrica (ENG)
(PUBLICACAQ II; Capitulo 4.2). Este modelo experimental permitiu determinar pela primeira vez que
um farmaco inibidor selectivo da COX-2 (Etoricoxibe) tem uma accao eficaz na reducdo da laringite,
abrindo novas perspectivas terapéuticas relacionadas com esta patologia a serem exploradas num

futuro proximo, em alternativa ou complemento ao receituario tradicional (PUBLICACAO III; Capitulo
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4.3). O modelo de ENG revelou-se ainda um método viavel para investigar uma possivel relacéo entre
a inflamacao cronica e lesdes que podem evoluir para neoplasia (metaplasia epitelial) e permitiu
verificar que o prolongamento no tempo do periodo de laringite diminuia a expressao dos niveis de
RNAm dos supressores tumorais p16 e p53, dai podendo resultar que as células da mucosa possam
entrar mais facilmente em mitose e evoluir eventualmente para cancro da laringe (PUBLICACAO IV;
Capitulo 4.4).

Tal como na pele, 0s neuropeptideos mais importantes presentes nas fibras sensitivas
amielinicas C da mucosa da laringe sédo a CGRP (Tanaka et al 1993; Hauser-Kronberger et al, 1997)
e a substancia P (SP) (Hisa et al, 1985). No entanto, era dificil compreender como é que no lume
respiratério as particulas em suspensdo (irritantes inalados) podem desencadear a estimulacado
destas fibras, ja que a localizacdo intraepitelial ndo permitia a sua estimulacado directa imediata.
Demonstramos pela primeira vez que as fibras nervosas intraepiteliais projectam para o lume da
laringe no Rato, sendo deste modo possivel a sua estimulacao directa imediata por irritantes inalados,
principalmente na auséncia de muco (PUBLICACAO I; Capitulo 4.1). Foi também observada uma
distribuicdo diferente das fibras e dos terminais nervosos ao nivel da mucosa da laringe,
concentrando-se em maior nimero ao nivel da face laringea da epiglote e da metade posterior das
cordas vocais (PUBLICACAO |; Capitulo 4.1). Este conhecimento sugere, quer do ponto de vista
anestésico quer cirurgico, que se devera evitar a estimulacao destas zonas mais enervadas da laringe
de forma a diminuir a ocorréncia de reaccdes vagais potencialmente perigosas.

No que diz respeito a avaliacdo do papel dos neuropeptideos na inflamacéo laringea e no
seu tratamento, foi necessario desenvolver um modelo experimental de laringite neurogénica. Um
conjunto de quatro aspectos levou-nos a considerar a hipotese de desenvolver um método original
baseado num modelo de entubacdo nasogastrica (ENG): em primeiro lugar, a fiabilidade

metodolégica e a sua reprodutibilidade; em segundo, alguns estudos mostraram que o refluxo
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gastroesofagico (RGE) ou o refluxo faringolaringeo (RFL) constituem um importante factor etiologico
no desenvolvimento de patologia inflamatoria e neoplasica da laringe (Koufman 1991; Galli et al
2002; Ward e Hansan, 1988; Lewin et al, 2003; El-Serag et al, 2001); em terceiro, a ENG constitui
um importante factor de incremento do RGE e das suas consequéncias patologicas (Novoski et al,
1999), tendo sido possivel demonstrar no nosso modelo uma diminuicdo acentuada do pH, mais
evidente inclusive a nivel faringeo do que a nivel esofagico (PUBLICACAO II; Capitulo 4.2).
Finalmente, os estimulos ndxicos em areas enervadas por fibras com neuropeptideos como a
Substancia P (SP) e o Peptideo Relacionado com o Gene da Calcitonina (CGRP) levam a sua
libertacdo e resultam em aumento da permeabilidade vascular, edema e inflamacao neurogénica
(Kunkel, 1997). Apds a construcao e aplicacdo do modelo, constatamos que a densidade de fibras
imunoreactivas para SP e CGRP na mucosa da laringe diminuiu ao longo das primeiras semanas de
entubacdo, tendo recuperado parcialmente a quinta semana. Simultaneamente, verificou-se um
aumento da expressdo do RNAm das principais interleucinas pré-inflamatdrias, nomeadamente das
Interleucinas 1 e 6 (IL-1B e IL-6) e do Factor de Necrose Tumoral (TNF-Q), bem como uma
diminuicao da citoquina anti-inflamatoria IL-10. A par deste fenomeno, verificou-se ao nivel da
mucosa 0 aparecimento de um infiltrado de células inflamatoérias mononucleares e de uma intensa
hipertrofia glandular, demonstrativos de um processo inflamatorio cronico (laringite). Adicionalmente,
observamos que com o aumento do tempo de entubacdo nasogastrica o numero de células
inflamatorias que expressavam COX-2 foi também aumentando progressivamente e que a producéo a
nivel local de RNAm de COX-2 também aumentou durante as duas primeiras semanas (PUBLICACAO
II; Capitulo 4.2). Estes resultados em conjunto permitiram classificar o0 modelo ENG desenvolvido
nesta tese como representativo de um modelo de inflamacao neurogénica, o qual podera ser utilizado

em estudos futuros sobre mecanismos e/ou terapéutica anti-inflamatéria.

105



M. Lima-Rodrigues

A laringite ndo tem um tratamento médico totalmente satisfatdrio, baseando-se as
terapéuticas mais eficazes nos corticosteroides. No que diz respeito aos anti-inflamatdrios nao
esterdides (AINEs), particularmente os farmacos classicos inibidores nao selectivos da ciclooxigenase
(COX-1 e COX-2), a sua eficacia é ainda mais limitada devido ao facto de induzirem uma diminuicao
das prostaglandinas protectoras gastricas e um aumento dos niveis de leucotrienos, contribuindo
para a manutencdo e eventual cronificacdo do processo inflamatorio (Warner e Mitchell, 2004). Por
outro lado, sabe-se actualmente que os inibidores selectivos da ciclooxigenase-2 (COX-2) nao
apresentam o mesmo grau de efeitos secundarios sobre as vias aerodigestivas que os AINEs
classicos. No entanto, nao existiam estudos sobre a expressdo da enzima COX-2 na laringite crénica
em geral e em particular naquela provocada pela ENG. Num estudo prévio, verificamos que a par da
libertacdo dos peptideos CGRP e SP pelas fibras sensitivas periféricas e do aumento nitido da
inflamacéo laringea, se observava também um aumento da expressao da actividade COX-2, das
Interleucinas IL-1B e IL-6 e de TNF-a (todas moléculas pro-inflamatérias), assim como uma
diminuicdo da expressdo da interleucina IL-10 (anti-inflamatoria) (PUBLICACAO II; Capitulo 4.2). O
facto de as prostaglandinas aumentarem a libertacdo de CGRP e SP e os inibidores da COX-2
impedirem a formacdo de prostaglandinas (Konturek et al, 2005) reforcou a hipotese de os inibidores
selectivos da COX-2 poderem constituir uma alternativa terapéutica importante na interrupcao do
mecanismo inflamatdrio neurogénico. De facto, o tratamento com o farmaco Etoricoxibe induziu uma
(i) atenuacao na libertacdo de neuropeptideos implicados na inflamacdo neurogénica, (i) diminuicao
significativa do nimero de células que expressam COX-2 na mucosa laringea, (iii) dos niveis de
expressdao de RNAm de COX-2 e de TNF-Q na laringe apos a primeira semana de entubacao
nasogastrica, sem afectar as outras interleucinas analisadas (IL-1B, IL-6, IL-10), o que faz supor um
efeito terapéutico sem efeitos adversos de paricular relevancia (PUBLICACAO III; Capitulo 4.3). Estes

dados sugerem um possivel interesse na aplicacdo dos AINEs inibidores selectivos da COX-2 no
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tratamento da laringite, explorando as vantagens terapéuticas conhecidas e os reduzidos efeitos

secundarios adversos ao nivel dos sistemas organicos respiratorio e digestivo.

A inflamacao cronica esta correlacionada com cancro e um nivel elevado de COX-2 pode
ser também um marcador de lesdo tumoral (Konturek et al, 2005). Na hipdtese da laringite crénica
poder estar relacionada com o cancro da laringe, foi avaliada também a expressdo de outros
marcadores neoplasicos na mucosa da laringe, nomeadamente as moléculas supressoras tumorais
pl6 e p53 (Serrano, 1997; Warnakulasuriya et al, 1998; Polsky et al, 2001; Voorhoeve e Agami,
2003; Ohtani e tal, 2004; Krishnamurthy, 2004; Furth et al, 2006). Verificamos que em ratos
submetidos a entubacdo nasogastrica a producdo de RNAm de plé e pb3 diminuiu
progressivamente, e de modo significativo, durante as cinco semanas de entubacdo (PUBLICACAO IV;
Capitulo 4.4). Estas sdo moléculas supressoras tumorais porque impedem que a célula entre mais
facilmente na fase S da mitose e num processo de divisdo descontrolada, evitando deste modo que
as células se tornem neoplasicas. Estes resultados fazem supor que a ENG provoca um ambiente
mais favoravel a desenvolver o cancro nos casos de exposi¢cao simultanea a outras substancias como
0 alcool ou o fumo do tabaco, podendo ajudar a compreender a forma como o refluxo faringo-laringeo

pode contribuir para as lesées neoplasicas da laringe.

5.2. Enervacao motora da laringe: morfologia e aspectos patolégicos e potencialidades

terapéuticas

Como as placas motoras sdo as responsaveis pela transmissdo do estimulo nervoso dos

neurénios as fibras musculares (Hirsch, 2007), o conhecimento da sua localizacado é essencial para

determinar as capacidades especificas de contraccdo de cada musculo. Revela-se desta forma de
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especial interesse a investigacdo do padrao de distribuicdo dos terminais axonais motores nos
musculos laringeos. Verificamos que espécies de mamiferos com capacidades de produzir sons
limitados como o rato e o coelho apresentam as PM localizadas apenas numa determinada regido
dos musculos vocais, enquanto que espécies com capacidade de produzir maior variabilidade de
sons, como 0 galo, o pombo ou a ra possuem uma distribuicao difusa das PM ao longo de varias
regides dos musculos (PUBLICACAO V; Capitulo 4.5). Atendendo ao facto da contraccdo muscular
estar relacionada com o numero de fibras activadas e a forca de cada fibra com o numero de placas
por fibra, os resultados sugerem que espécies com uma distribuicdo mais difusa das PM tenham
uma maior capacidade de controlar e variar a forma e a forca de contraccdo dos musculos
intrinsecos da laringe, a qual pode estar relacionada com a capacidade de produzir sons diferentes
(PUBLICACAO V; Capitulo 4.5).

Por outro lado, sabe-se que a toxina botulinica inibe a transmissao sinaptica ao nivel das
PM e é utilizada para o tratamento de determinadas disfonias, nomeadamente a disfonia espastica,
pelo que o conhecimento da localizacao das placas permitira a aplicacao de uma terapéutica mais
dirigida (Castellanos et al, 1994). Outra situacdo clinica em que a utilizacdo de toxina botulinica é
defendida por alguns autores diz respeito aos granulomas laringeos, com o objectivo de diminuir a
tensdo da corda e reduzir a probabilidade de traumatismo da corda vocal e de recidiva (Nasri et al,
1995; Orloff e Brin, 1999; Zalvan e Blitzer, 2004). Neste contexto, como os nddulos das cordas
vocais se observam principalmente no terco médio devido a uma maior tensao e traumatismo da
corda a este nivel (Pontes et al, 2002), é possivel que esta patologia possa estar relacionada com a
maior concentracao das PM nesta localizacdo. Neste caso, tal como no caso dos granulomas, €
provavel que se possa usar 0 mesmo raciocinio e aplicar também a toxina botulinica como alternativa
ou complemento terapéutico a cirurgia e a terapia da fala para o tratamento de casos de nédulos das

cordas vocais (PUBLICACAOQ V; Capitulo 4.5).
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Conclusées e perspectivas futuras
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6. CONCLUSOES E PERSPECTIVAS FUTURAS

A descoberta de terminais axonais livres de fibras sensitivas ao nivel da camada mucociliar
externa ao epitélio respiratério permitiu identificar a base anatomica para certas formas de
laringite cuja base etiopatogénica resulta da activacdo directa das fibras e libertacao dos

neuropeptideos CGRP e SP, os quais promovem inflamacao neurogénica.

Tendo em consideracao que a inflamacao laringea podia ter uma origem neurogénica,
desenvolveu-se um modelo experimental de entubacdo nasogastrica (ENG) e descreveram-se
0s mecanismos patologicos e moleculares da inflamacéo laringea desencadeada com o
tempo de ENG. Assim, foi demonstrada pela primeira vez a laringite neurogénica como uma
nova entidade clinica patologica de laringite, além das formas alérgica e infecciosa ja

descritas clinicamente.

Na laringite neurogénica, as terapéuticas existentes sao limitadas, ja que os corticosterdides
e os anti-inflamatorios ndo esterdides (AINEs) inibidores nao selectivos das enzimas COX-1 e
COX-2 apresentam efeitos laterais adversos aerodigestivos que acabam por contribuir,
posteriormente, para a manutencao da patologia, pelo que se tornam ineficazes. Tendo em
conta os menores efeitos adversos a este nivel dos inibidores selectivos da COX-2, foi possivel
demonstrar a actividade anti-inflamatéria de um farmaco deste tipo (Etoricoxibe), abrindo
perspectivas futuras de pesquisa destes farmacos no tratamento de patologias inflamatérias

do aparelho respiratério superior.
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4. Tendo sido demonstrado, nomeadamente na esofagite ou na bronquite, uma relacéo entre
inflamacado crénica e o cancro, a avaliacdo de diferentes marcadores de lesdes pré-
neoplasicas no modelo de laringite por ENG implicou a analise da expressao de supressores
tumorais como as moléculas p16 e p53. Verificamos uma diminuicao da expressdo do RNAm
quer do p16 quer do p53, ao longo das 5 semanas de entubacao nasogastrica. Sabendo que
estas moléculas sao supressores tumorais, estes resultados fazem supor uma diminuicao
progressiva da capacidade da célula para compensar possiveis estimulos carcinogénicos

indutores de mitose descontrolada.

5. No que diz respeito as patologias relacionadas com a enervacao motora periférica da laringe,
a analise dos terminais motores nos musculos vocais de variadas espécies de vertebrados
permitiu compreender melhor a capacidade vocal de diferentes classes animais. Verificou-se
que quanto mais disperso e difuso era o padrao de distribuicdo das PM nos musculos vocais
(laringeos ou siringeos), maior a capacidade da variabilidade sonora aparente da espécie
analisada. Além disso, a avaliacdo do padrdo de distribuicdo dos terminais motores nos
musculos laringeos permitiu compreender melhor determinadas disfonias, como os nédulos
das cordas vocais, nas quais 0s Unicos tratamentos se baseiam na cirurgia ou na fisioterapia.
Sendo possivel utilizar farmacos inibidores da transmissdo neuromuscular, como a toxina
botulinica na forma topica, na disfonia espastica, o0 melhor conhecimento da distribuicdo das
PM na laringe do ser humano permitira aplicar mais especificamente os farmacos, ndo so6
nesta disfonia mas também em outras patologias, como por exemplo como nos nodulos das

cordas vocais.
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Em termos de antevisdo futura, este conjunto de conhecimentos permitira realizar uma nova
série de estudos, agora numa perspectiva que investigue novas possibilidades de aplicacéo clinica,
num espaco temporal nao muito longo. A utilizacdo de farmacos inibidores selectivos da COX-2 em
patologias da laringe podera ser explorada, tendo em conta o efeito anti-inflamatorio demonstrado no
modelo de laringite neurogénica baseado na ENG desenvolvido neste trabalho. Por outro lado, a
aplicacdo mais extensa e selectiva de farmacos com ac¢do ao nivel do blogueio da transmissao
eléctrica na juncdo neuromuscular pode ser avaliada em patologias que resultam de um uso
inadequado das cordas vocais. Finalmente, a relacdo entre laringite cronica e o possivel
desenvolvimento de lesdes pré-malignas tera que ser explorado ainda no modelo animal de
inflamacao cronica, de modo a: (i) completar a analise do conjunto de marcadores tumorais
conhecido; (i) verificar se a presenca de alteracdes histopatologicas indicativas de lesdes pré-

neoplasicas ou neoplasicas necessita de periodos de inflamacéo mais prolongados.
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