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TITULO DO PROJETO - Efeito do 6leo essencial de Alpinia zerumbet em modelo
murino de Fibrose Pulmonar.
AREA DO CONHECIMENTO - Ciéncias Biologicas

SUBAREA DO CONHECIMENTO — Morfologia

ESPECIALIDADE - Histologia

RESUMO

Contexto: A Fibrose Pulmonar (FP) é uma doengca crdnica e progressiva
caracterizada por processos inflamatorios que resultam em deposigdo excessiva de
colageno no parénquima pulmonar, causando deterioragdo da fungéo, com sintomas
limitantes, qualidade de vida desfavoravel e apresenta pouca possibilidade de terapia.
A Alpinia zerumbet tem atraido grande atencdo devido as suas agfes terapéuticas do
seu 6leo essencial obtido a partir de suas folhas e ramos mostra através da analise
quimica a presenca de varios terpenos, dentre eles, se destacam terpeno-4-ol
(23,2%), 1-8 cineol (21,8%). S&o potentes inibidores de citocinas e antiinflamatorios,
respectivamente. Objetivo: Avaliar o efeito do 6leo essencial da Alpinia zerumbet
(OEAz) em modelo murino de FP induzido por bleomicina em ratos. Material e
metodos: Foram utilizados 75 animais (Wistar) e apds cada tempo de tratamento,
foram realizadas avaliagdo histomorfoldgica do infiltrado inflamatério; contagem de
leucocitos totais e diferenciais; categorizacdo do grau de FP; quantificacdo de
colageno e mensuracdo da concentracdo plasmatica do fator de transformacéo do
crescimento beta 1 (TGFB1). Resultados: Valores significativamente menores
(p<0,05) foram observados no grupo tratado com OEAz em relagdo aos pesos dos
pulmdes, células inflamatérias, TGF 1, deposicdo de colageno e niveis de
hidroxiprolina em 03, 14 e 28 dias apdés FP quando comparados aos grupos Controle
Fibrose (CF) e Deflazacorte (DFZ). Conclusédo: O OEAz melhora significativamente a
resposta anti-inflamatéria com potencial efeito regenerativo possivelmente pela agéo

inibitoria da sintese de TGF e diminui¢cdo da deposicao de colageno.

Palavras-chave: Alpinia; bleomicina ; Fibrose Pulmonar.
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ABSTRACT

Background: Pulmonary Fibrosis (PF) is a chronic and progressive disease
characterized by inflammatory processes that result in excessive collagen deposition in
the lung parenchyma, causing deterioration of the function, with limiting symptoms,
quality of life and unfavorable presents little chance of therapy. The Alpinia zerumbet
has attracted great attention due to their therapeutic actions of essential oil obtained
from the leaves and branches shows through chemical analysis the presence of
several terpenes, among them stand out terpene-4-ol (23.2%), 1-8 cineole (21.8%).
They are potent inhibitors of cytokines and antiinflammatories, respectively. Objective:
To evaluate the effect of the essential oil of Alpinia zerumbet (EOAZ) in a murine model
of bleomycin-induced PF on rats. Material and methods: 75 animals (Wistar) were
used and after each treatment period, there were histomorphological evaluation of
inflammatory infiltrate; total leukocyte count and differential; categorizing the degree of
PF; quantification of collagen and measurement of plasma concentration of the
transformation growth factor beta 1 (TGFB1). Results: Values significantly lower (p
<0.05) were observed in the group treated with EOAz in relation to the weights of the
lungs, inflammatory cells, TGF 31, collagen deposition and hydroxyproline levels at 03,
14 and 28 days compared PF Control groups fibrosis (CF) and deflazacort (DFZ).
Conclusion: EOAz significantly enhances the anti-inflammatory response with
regenerative potential effect possibly by inhibitory action of TGFB1 and decreased

collagen deposition.

Keywords: Alpinia; bleomycin; Pulmonary Fibrosis.
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1 INTRODUCAO

A Fibrose Pulmonar € uma doenca pulmonar progressiva intersticial e cronica,
caracterizada morfologicamente por processos inflamatérios difusos que resultam em
proliferacdo excessiva de fibroblastos e espessamento dos septos alveolares com
deposicdo de coldgeno no parénquima pulmonar (MARTINEZ et al., 2008; SMITH et
al., 2010). Ela advém de efeitos toxicos adversos de farmacos anti-neoplasicos, tais
como bleomicina durante a terapia do cancer humano. Os fumantes de cigarro e os
trabalhadores expostos a pdé mineral e/ou amianto também estdo predispostos a
desenvolverem sua patogénese oriunda da inalagao de particulas <5 um provenientes
de diferentes setores industriais (GUSTAFSON et al., 2007; FISHWICK; BARBER,
2012; JINGFU et al.,, 2014). Estima-se que com 0 tempo de exposicdo a poeiras
toxicas entre 5 a 10 anos ja se tem risco a algum tipo de doencga pulmonar limitante
como a fibrose. No ano de 2000, as taxas médias de custo estimado de salde de cada
paciente relacionado a FP eram aproximadamente $33.304 e $40.707 nos Estados
Unidos da América (RAGHU et al., 2004; STEFANOV et al., 2013).

As alteracdes fibroticas ocorridas na arquitetura pulmonar comprometem sua
fung&o na troca de gases e provocam diminui¢cdo da complacéncia pulmonar. Estima-
se que a sobrevida média dos pacientes com FP é menor que cinco anos. Muitas
possibilidades de tratamento tém sido investigadas, entretanto, o tratamento padrédo
utilizado, inclui agentes anti-inflamatdérios, os quais oferecem pouca eficacia e efeitos
adversos significativos afetando multiplos 6rgdos (glaucoma, catarata, euforia,
depressao, diabetes, HAS (Hipertensdo Arterial Sistémica), Ulcera peptidica e
pancreatite) por promover acdo sistémica (SWIGRIS; BROWN, 2006; VEIGA-JUNIOR,
2008; SMITH et al., 2010).

Além dos efeitos sistémicos provocados pelo tratamento padrédo, a necessidade
de altas doses didrias associadas a outros medicamentos inalatérios com uso de
oxigenoterapia, elevam os efeitos adversos secundarios e aumenta o custo mensal
para o individuo, isto leva a uma péssima qualidade de vida e menor sobrevida. Desta
forma, se faz necessario a implementacdo de um método terapéutico que seja mais
eficaz sem efeitos adversos (VEIGA-JUNIOR, 2008; LOVEMAN et al., 2015).

Dessa maneira, o tratamento fitoterapico torna-se uma alternativa, visto que,
algumas plantas tém mostrado ac¢des benéficas que podem agir diretamente na
fisiopatologia de varias doengas. (BEZERRA et al., 2000; LORENZI; MATOS, 2002,
WANG et al., 2002; VEIGA-JUNIOR, 2008).
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A fitoterapia é uma alternativa eficiente e culturalmente difundida em busca de
solugBes terapéuticas. Dentre as plantas estudadas, encontra-se a Alpinia zerumbet,
uma planta herbacea, da familia Zingiberaceae, com sinonimia A.speciosa, encontrada
comumente no nordeste brasileiro. Popularmente, todas as partes da planta (rizoma,
folhas, flores e sementes) séo utilizadas como agente medicinal (LORENZI; MATOS,
2002; ALBUQUERQUE; NEVES, 2004). Estudos em modelo murino tratados com 6leo
essencial ou extrato etandlico da Alpinia zerumbet apresentaram acgdo anti-
inflamatoria, inibindo processos edematosos em até 66%. Também foram encontrados
resultados sobre o 6leo essencial do rizoma da Alpinia zerumbet que demonstraram
acao anti-inflamatoria e antinociceptiva em ratos com artrite, com modificacdes no
hipocampo no cérebro (LEMAN et al., 2000). Shanmugam et al. (2011), relataram
atividade anti-inflamatéria crbnica a partir do extrato etandlico da Alpinia zerumbet,
apresentando inducdo de fibroblastos e sintese de coladgeno e mucopolissacarideos
durante a formacao do tecido granuloma.

Além dos efeitos anti-inflamatorios, estudos experimentais utilizando o OEAz,
tem demonstrado uma variedade de atividades potencialmente benéficas, incluindo,
efeitos, anti-oxidante; ansiolitico e antidepressivo (JUNIOR et al, 2013);
vasorrelaxante e anti-hipertensivo (CUNHA et al., 2013); promog¢é&o de cicatrizagdo de
feridas, diferenciacdo/remodelacdo de tecido conjuntivo, com influéncia nos
fibroblastos (SANTOS-JUNIOR, 2013); e acédo reguladora deste 6leo em canais de
Ca™ (SANTOS et al.,2011a; CUNHA et al.,2013). O 6leo essencial obtido a partir de
suas folhas e ramos foi analisado quimicamente através da CG/MS revelando a
presenca de varios terpenos, dentre eles, se destacaram terpeno-4-ol (23,2%), 1-8
cineol (21,8%), y-terpeno (11,6%) e y-cymene (5,8%) (SANTOS et al., 2011a). Por
apresentar essa acdo anti-inflamatoria, potencial efeito remodelador do tecido
conjuntivo e interveng@o nos canais de calcio, os estudos pré-clinicos sobre o 6leo
essencial da Alpinia zerumbet foram realizados para verificar seus efeitos nos tecidos
com FP. Sendo assim, neste trabalho busca-se avaliar o efeito do OEAz no tecido

fibrético em modelo murino de FP.
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2 OBJETIVOS OU PRESSUPOSTOS DO PROJETO

2.1 Objetivo geral:

e Avaliar o efeito do 6leo essencial de Alpinia zerumbet em modelo murino de

Fibrose Pulmonar

2.2 Objetivos especificos:

e Criar novo método de acesso a inducgéo de fibrose pulmonar por bleomicina

em murinos;
e Analisar e identificar as alteragcdes histomorfolégicas e bioquimicas

associadas ao processo inflamatério e reparador, além de caracterizar o

grau de FP entre os grupos.
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3 CAPITULO | = REVISAO DE LITERATURA

3.1 Epitélio alveolar normal

A unidade funcional dos pulmdes séo os alvéolos, 0s quais correspondem a uma
area total de aproximadamente 143m2 em sua superficie. A disposi¢cdo dos alvéolos é
feita na lamina basal das células alveolares e capilares em tubos e sacos encontrados
ao redor das paredes dos bronquiolos respiratorios. As células que revestem o0s
alvéolos sao chamadas de pneumdcitos e se apresentam em dois tipos: Pneumacitos |
(células de revestimento continuo constituem 90% da parede alveolar e apresenta a
funcéo de troca gasosa); Pneumdcitos Il (constituem 10% da superficie alveolar, com
funcdo de producgdo e reciclagem de surfactante). Além dessas células, existe a
presenca dos macrofagos, cobrindo as células do epitélio alveolar, unidos as células

epiteliais ou soltos dentro dos espagos aéreos (NEWELL, 2011).

Para acontecer a troca gasosa nos alvéolos, é necessario que ocorra a ventilagdo
pela entrada e saida de ar nos pulmdes, no qual, o consumo de oxigénio ambiental e
retirada de diéxido de carbono mantém o metabolismo aerébico celular e equilibrio
acido-base (RYAN, et al., 2013).

A ventilagdo é dividida em duas fases: inspiratOria ativa e expiratéria passiva. A
inspiratoria ativa é associada a contragdo dos musculos inspiratorios, no qual acontece
um processo de reducdo da pressdo intratoracica pelo aumento do volume da
cavidade toracica, provocando a entrada do ar para baixo a partir da cavidade oral.
Para isso, é necessaria uma superacdo da elasticidade do sistema respiratorio
realizado pelos musculos da respiracdo e a resisténcia de fluxo de gas aéreo que
envolve a resisténcia elastica pulmonar, resisténcia a friccdo do fluxo, resisténcia a
modificacdo dos tecidos, e ao movimento pulmonar juntamente ao do gas e tecido. A
expiracao normalmente é um processo passivo, no qual os musculos que participam
desta acao relaxam, assim, permite o retorno dos tecidos elasticos da parede toracica
a posicao de repouso (HEMMINGS; EGAN, 2013).

3.2 Doencgas Pulmonares Intersticiais

As doencas pulmonares intersticiais sdo causadas por processos inflamatorios
no intersticio pulmonar. Elas séo classificadas em doencas pulmonares intersticiais, na
qual se encontram a fibrose pulmonar idiopéatica, pneumonia de hipersensibilidade, a

sarcoidose, a pneumonia intersticial ndo especifica (agregada ou ndo as doencas do
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tecido conjuntivo), doencas ocupacionais, pneumonia em disposi¢ao e bronquiolites de
diversas formas (BALD et al., 2012).

Nas doencas ocupacionais 0 aparecimento da FP esta mais presente, que vai
desde a industria até a construcéo civil. Na producao industrial de asbesto (amianto) o
trabalhador se expbe a poeira toxica formada com o tempo, cerca de 10 anos, essa
poeira causa asbestose, um tipo de pneumoconiose que posteriormente causa FP.
Ocorre 0 mesmo na construgdo civil com trabalhadores expostos as minas de carvao
levando para as vias aéreas inferiores particulas de poeiras principalmente a silicose,
porém, muitos outros agentes podem causar penumoconioses (por exemplo, estanho
de bario, silicio, zircbnio e quartzo) estima-se que nessas minas com um tempo de
exposi¢do de 5 a 10 anos ja se tem risco de algum tipo de doenca pulmonar limitante
(HONMA et al., 2004; FISHWICK; BARBER, 2012; LANEY, WEISSMAN ,2012; EROL
et al., 2013; JINGFU et al.,2014).

A lesdo pulmonar dependerd do tamanho e toxicidade da microparticula
inalada, comumente particulas com diametro médio de 0,5 a 10 um, penetram-se nos
alvéolos, no qual vdo diretamente para os locais que contém células hospedeiras,
principalmente os macréfagos, levando a danos pulmonares irreversiveis. A liberacéo
de citocinas pré-inflamatérias ocorre na fase inicial os macréfagos alveolares
residentes estimulam a atividade dos fibroblastos e eventual fibrose, caso esse
processo ocorra de forma inadequada (ATES et al.,, 2011; FISHWICK; BARBER,
2012).

3.3 Fibrose Pulmonar

A Fibrose Pulmonar (FP) € uma das pneumonias intersticiais idiopaticas mais
comuns, porém, com 0 pior prognéstico, sendo uma doenca crbnica, progressiva e
fibrosante. Ela é caracterizada morfologicamente por processos inflamatérios difusos
que resultam em proliferacdo excessiva de fibroblastos e espessamento dos septos
alveolares com deposicao de colageno e remodelacdo do parénquima pulmonar,
associada com o padrao histopatolégico e / ou radiolégico de pneumonia intersticial
ndo especificada. Esta doenca fatal incide anualmente com cerca de 10 casos por 100
mil membros da populagédo em geral e tem uma mortalidade associada de 50% em 3
anos apos o diagnostico (HONMA et al., 2004; MARTINEZ et al., 2008; SMITH et al.,
2010; STEFANOQOV et al., 2013).

Os processos que interferem na fibrose nos pulmdes dos pacientes com FP ndo

sdo completamente compreendidos. No entanto, a etiologia pode estar associada a
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consequéncias ambientais, riscos terapéuticos, doencas ocupacionais, predisposicoes
genéticas, associada na maioria das vezes ao fumo, que pode decorrer na funcao
pulmonar e, em dUltima hipétese como progndstico, a insuficiéncia respiratoria
(SELMAN et al., 2001; SWIGRIS; BROWN, 2006).

Os sintomas clinicos mais comuns da FP sdo dispnéia, com piora progressiva e
tosse seca, por mais de seis meses. Os individuos podem apresentar dedos em
baqueta de tambor, e com o tempo, pode haver hipdxia, com coloracdo azulada das
extremidades (pontas dos dedos). Na maioria das vezes estd associada a uma
variedade de comorbidades como hipertensdo pulmonar (HP), doenga do refluxo
gastroesofagico (DRGE), obesidade, cancer de pulmao e enfisema (LEE et al., 2014).

O prognostico do paciente com FP normalmente € ruim levando a limitagdo ao
exercicio, fadiga, ansiedade e perturbacdo do humor, qualidade de vida prejudicada
afetando drasticamente a vida dos pacientes, e com o passar dos anos faz-se
necessario a utilizagdo de suplementacdo de oxigénio. Nos dias atuais, o transplante
de pulmao prossegue sendo o Unico tratamento viavel para os raros que se qualificam
(SWIGRIS, et al., 2008; LEE et al., 2014).

O diagnostico classico da FP normalmente é feito colhendo informagfes do
paciente com suspeita, como profissao, idade e habitos diarios como o uso de alcool,
cigarro e outras drogas. Além de uma anamnese bem elaborada, sdo realizados
exames clinicos para verificar a funcdo pulmonar, radiografia, tomografia do térax e
exames laboratoriais (SPAGNOLO et al., 2012).

Nos ultimos anos, novos exames mostraram avancos no diagndstico da FP, tais
exames permitem melhor apreciacdo do estado do parénquima pulmonar, como é o
caso da Tomografia Axial Computadorizada de Alta Resolucdo, de pesquisas
bioquimicas (sangue, lavado bronco-alveolar, secrecdes bronquicas) e o estudo de
permeabilidade alvéolo-capilar. Porém, quando o diagndstico ndo é confirmado pelos
exames anteriores faz-se necessario a biopsia pulmonar (HONMA et al., 2004,
SPAGNOLO et al., 2012).

3.3.1- Inflamacéo e fisiopatologia da fibrose pulmonar

A inflamacdo é uma resposta protetora corporal a infeccdo ou lesdo. E
comumente dividida em trés fases: inflamacdo aguda, subaguda e crénica (DAS et
al.,2015).

Inicialmente leucdcitos polimorfonucleares (neutrofilos) produzem respostas
caracteristicas a inflamacao, como: dor, calor, rubor, inchago e/ou associado a perda

de funcdo do tecido ou 6rgdo acometido. Os neutrofilos tém o papel de controlar ou
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limitar o aumento da inflamacgéo. Porém, se a inflamacao se estender a ponto de nao
ser restringida pelos leucdcitos, esses, por sua vez, provocardo sinais sistémicos
como aumento da temperatura, leucocitose, alteracbes metabdlicas e alteracdes
plasmaticas através da mensuracdo das enzimas paraoxonase, adipocinas,
homocisteina e determinacdo do status antioxidante, através da investigacdo de
enzimas antioxidantes (SOD, GPx, GPRXx), glutationa e microelementos envolvidos
com a atividade antioxidante (DAS et al.,2015; VELLOSA et al., 2013).

Nesse periodo do processo inflamatério, ha a presenca de mondcitos
circulantes e sua producdo pela medula éssea € aumentada, sendo atraidas para o
local lesionado. No local especifico da inflamacéo, os macréfagos passam a produzir
altas concentragGes de espécies reativas de oxigénio e nitrogénio, tornando o sitio de
inflamacdo  altamente  microbicida e tumoricida (PAPAKONSTANTNOU,;
KARAKIULAKIS, 2009; SMITH et al., 2010).

Em condi¢gbes normais, ocorre uma inflamagéo temporaria, ou seja, formagéo
de tecido, remodelacédo e finalmente reparacdo do tecido normal. Contudo, ferimentos
onde h& inflamagé&o crbnica persistente podem estimular a resposta fibroproliferativa
liberando fatores de crescimento fibrogénicas como TGF-B, componentes da matriz
extracelular, como colageno, fibronectina, glicosaminoglicanos (GAG) no pulméo e
angiogénese desordenada (PAPAKONSTANTNOU; KARAKIULAKIS, 2009; SMITH et
al., 2010).

O TGF-B é a citocina pro-fiborogénica mais evidente em quase todas as
doencas fibréticas, sendo uma proteina multifuncional, realiza um papel fundamental
na deposi¢ao de matriz extracelular (CHERESH. P et al., 2013).

No inicio dessa inflamacdo, o TGF-B promove o desenvolvimento de
inflamacdo no local conduzindo a FP. Isso porque o TGF- € o principal indutor da
transicao epitelial-mesenquimal em células epiteliais alveolares e transdiferenciacéo
de fibroblastos quiescentes em miofibroblastos (células que sintetizam proteinas
efetoras proé-fibréticas, tais como colageno tipo | e fibronectina). Isso contribui para a
deposicdo e acumulo de matriz extracelular através da regulacdo das atividades
celulares como: a proliferagdo celular, diferenciacdo, adesédo, migracdo e apoptose
(HUNNINGHAKE; SCHWARZ, 2007; SMITH et al., 2010; CHERESH et al., 2013; LUO
et al., 2014; SHI et al., 2014; KIM et al., 2015).

Nesta fase devido ao acumulo de coldgeno ocorrera um remodelamento do
parénquima pulmonar com o0 espessamento dos septos alveolares. A cicatriz
resultante estimula a producgéo de espécies reativas de oxigénio levando ao estresse
oxidativo. O estresse oxidativo pode ativar a criagdo de um circulo vicioso pro-

fibrogénico de TGF-B latente (ROSSARI 2004; HUNNINGHAKE; SCHWARZ, 2007;
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SMITH et al., 2010; CHERESH et al., 2013; LUO et al., 2014; SHI et al., 2014; KIM et
al., 2015; LI et al., 2015).

Existem alguns mecanismos pelos quais o TGF-3 pode aumentar a producao
de espécies reativas de oxigénio, tais como: ativacdo de oxidases na membrana
celular que promovem a liberagdo do H,O, para o espagco extracelular em
fibroblastos do pulméo; inducdo a producdo de espécies reativas de oxigénio
mitocondrial, pela diminuicdo da atividade complexo IV (enzima transmembranar
encontrada em bactérias e mitocondrias) em células epiteliais do pulméao e ativacdo do
Nox4 (enzima da familia 4 NADPH-oxidase) para gerar espécies reativas de oxigénio
em varios tipos de células, in vitro e in vivo . Estes mecanismos sugerem que o TGF-f3
pode aumentar o stress oxidativo, importante na patogénese da FP (LUO et al., 2014).

A hipétese de estresse oxidativo é a mais aceitavel ao processo fisiopatoldgico
da FP, por envolver todas as anormalidades moleculares, celulares e teciduais que
ocorrem devido ao excesso de produgcdo de espécies reativas de oxigénio. Os
pulmdes sdo os 6rgdos mais vulneraveis a esse estresse oxidativo, pois, sao
submetidos a niveis mais altos de oxigénio com pressfes de 150 mmHg, enquanto 0s
alvéolos sdo de 100 mmHg. J4 a presséo submetidas a outros 6rgéos podem variar de
pressdes altas a baixas (45 mmHg a 1 mmHg) (CHERESH et al., 2013).

TRAASETH et al (2004) relataram que baixas concentragbes extra-
mitocondriais de Ca®" livres, ja sdo suficientes para aumentar o consumo de oxigénio,
aumentando a producdo de espécies reativas de oxigénio e nitrogénio, resultando
principalmente de um aumento da atividade do ciclo de Krebs.

Alguns autores relatam que intervencdo e modulagdo dos canais de calcio e
proteinas relacionadas ao célcio tém sido referidas para tratamentos em fibrose
pulmonar idiopética e outras doencas pulmonares fibréticas como sendo benéficas,
por apresentarem acéo anti-fibrética (ROACH, et al., 2013, YU et al., 2014).

3.4 Farmacos de inducgao de Fibrose Pulmonar

Muitos medicamentos podem induzir a doenca pulmonar intersticial (DPI),
podendo ser por lesdo pulmonar direta ou por uma reacdo de hipersensibilidade
levando a fibrose pulmonar, ainda que na maioria dos casos dos agentes
etiopatogénicos sejam de maneira idiopatica. Um dos medicamentos que provoca a
toxicidade pulmonar é a Amiodarona, que é utilizada no tratamento de arritmias
cardiacas. Suas apresenta¢cfes sdo descritas por varias formas: doenca intersticial e
alveolar aguda e cronica, com diversas gravidades, no entanto, a apresentacao de FP
é rara (SILVA et al., 2006)
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A Bleomicina é um antibidtico frequentemente utilizado em tratamentos de
quimioterapia no cancer humano. Tem sido bastante usada como método de
experimentacdo para investigar acdes terapéuticas na fibrose pulmonar (SMITH et al.,
2010; SHI et al.,2014). Varios sé@o os estudos que utilizam a bleomicina em diferentes
modelos animais, incluindo camundongos, ratos, hamsters e cées (SHI et al.,2014). O
uso desses modelos animais tem auxiliado de forma parcial com o intuito de melhorar
os tratamentos utilizados nos seres humanos com a doencga. Atualmente é o farmaco
padrdo para indugdo mais reprodutivel em animais pela administracao intratraqueal de
dose Unica e o que se assemelha a FP do ser humano, por reproduzir atributos
histolégicos e bioquimicos analogos (ROSSARI, 2004; AYTEMUR et al., 2012).

Os mecanismos pelos quais a bleomicina induz a lesdo pulmonar e,
consequentemente, a fibrose, ndo estdo completamente esclarecidos, porém, o
desenvolvimento da fibrose pulmonar apdés a utilizacdo da bleomicina, tem sido
relacionado ao aumento dos niveis de Ca®" (Winters et al., 2016). Segundo Atzori et al
(2004), a bleomicina gera espécies reativas de oxigénio através do calcio na ligagéo
com o ferro, causando danos no DNA. Assim, essa interagdo parece iniciar as
alteracdes inflamatorias e fibroproliferativas, através de uma ac¢do combinada de

vérias outras citocinas que levam a acumulagéo de coldgeno no pulméo.

3.5 Tratamentos da Fibrose Pulmonar
3.5.1- Tratamento medicamentoso e vias de administracéo

Os tratamentos para a FP vém sendo aprimorados ao longo dos anos, porém,
a sua progressdao ndo acompanha simultaneamente aos efeitos progressivos da
doenca. Os tratamentos compreendem a utilizacdo de farmacos anti-inflamatorios,
imunossupressores e a utilizacdo de glicocorticoides (LATTA et al., 2002,
ROUMESTAN et al., 2004).

Um estudo realizado por Raghu et al. (2012), sugeriu a administracdo de duas
drogas (uma combinagdo de prednisona e azatioprina ou ciclofosfamida) ou trés
(azatioprina, prednisona e N- acetilcisteina) em um subgrupo de pacientes com FP
idiopatica. Dados de pneumologistas mostraram que quase 50% das pessoas que
realizaram essa administracdo aumentaram o risco de morte e hospitalizacdo em
comparagéo ao grupo do efeito placebo o que evidencia, no entanto a contra-indicagéo

do uso da combinacgéo dos dois ou trés medicamentos (KAUNISTO et al., 2013).

O medicamento Deflazacorte tornou-se mais frequentemente utilizado por

apresentar menos efeitos indesejaveis. E um composto precedido de oxazolina de
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prednisolona, com atuag&o imunossupressora analoga. E indicado principalmente para
o tratamento de artrite reumatdide, 6rgdos de rejeicdo de transplante, sindromes
nefréticas, asma, broncopneumopatia obstrutiva crénica, sarcoidose, FP difusa e para
outras aplicacdes. Estudos realizados em seres humanos mostram que doses de
tratamento de deflazacorte (0,15mg/dia) em relacdo a cortisona (5,0mg/dia)
apresentaram agdes supressoras semelhantes, entretanto, o deflazacorte demonstrou-
se melhor tendo a dose diaria menor, uma vez que causa menos efeitos secundarios
advindo de doses maiores diarias (LATTA et al., 2002; WANG et al., 2011).

Os glicocorticéides atuam na regulacdo de sistemas metabdlicos, resposta ao
stress, como também no Sistema Nervoso Central (SNC) e na maioria dos tecidos e
orgdos periféricos. Inicialmente sua indicagdo era para tratamento de insuficiéncia
adrenal, porém, ap6s alguns anos relataram eficiéncia da cortisona na terapéutica da
artrite reumatoide. Suas agfes anti-inflamatorias e imunossupressoras derivam da
capacidade inibitéria da producdo de cicloxigenase e devido a isso, diminuigdo das
migragdes ou ativacdes de varias células inflamatoérias. S&o utilizados também como
atuantes inibidores de proliferacdo e resposta citotoxica no tratamento de alguns
tumores. Tem pouco desenvolvimento em configuracdes topicas em dermatologia,
mas o indice terapéutico melhorou em relacéo ao tratamento de doencas respiratérias
cronicas e do sistema digestivo. Porém, por ter uma abordagem sistémica e ser
necessario na maioria das vezes, seu uso a longo prazo, termina acarretando em
efeitos indesejaveis significativos (ROUMESTAN et al., 2004).

Os glicocorticoides podem apresentar diminuicdo de massa 0ssea pela alta
absorcdo de calcio devido ao aumento hormonal da paratireoide e outros efeitos
colaterais como: glaucoma, catarata, euforia, depressao, diabetes, HAS (Hipertensao
Arterial Sistémica), Ulcera peptidica e pancreatite. Porém, o Deflazacorte comparado
aos outros glicocorticoides apresenta menos efeitos em relacdo a diabetes e a perda

de massa 0ssea e possui as mesmas acdes imunossupressoras (DING et al., 2014).

A absorcéo do Deflazacorte quando administrado oralmente é rapida pelo trato
gastrointestinal e imediatamente metabolizado pelo figado, ocorrendo a conversao por
estearases plasmaticas para o seu principal metabdlito ativo que € o 21-
hidroxideflazacort. Esse metabdlito atinge seu pico plasméatico em 1,5 e 2h e sua meia
vida em 1,1 e 1,9h. Apresenta uma extensédo de absorcido quando administrado por via
oral de 68% e sua eliminag&o acontece pelos rins, sendo 70% excretados pela urina e
30% pelas fezes (MIGNANI et al., 2013; DING et al., 2014).

25



J& a absorcao por medicamentos inalatérios administrados por via respiratéria
inicia-se na mucosa nasal até chegar aos alvéolos, podendo ser utilizada tanto para
obtencao de efeitos locais ou sistémicos. As administragdes de medicamentos feitas
por inalacdo, normalmente estdo sob a forma de gas ou contidas em pequenas
particulas liquidas ou sélidas, geradas por nebulizacdo ou aerossoéis. As principais
vantagens desta via incluem o uso de pequenas doses de medicamentos para rapida
acdo e minimizacdo de efeitos colaterais sistémicos por ndo sofrer fendbmeno de

primeira passagem (metabolizagédo no figado) (MIGNANI et al., 2013).

Com a evolucdo da FP, a oxigenoterapia, pode ser essencial em casos de
hipoxemia, sendo as vezes necessaria a utilizacdo por meses ou anos, no entanto,
seu uso continuo pode ser prejudicial, pois, quando séo usados niveis acima de 50%,
podem causar toxicidade pulmonar devido a formagéo de radicais livres. Niveis de
nitrogénio estaveis permanecem os alvéolos abertos, porém, esses niveis sdo
reduzidos com a exposicdo prolongada a oxigenoterapia, podendo provocar
“Atelectasia de absorcao”. Apesar desse suporte complementar, nas ultimas décadas,
houve pouco progresso no tratamento farmacolégico da doenga (PAIVA; AMARAL,
2009; SAUL; KENDALL, 2011). Desta forma, hd uma tendéncia na utilizacdo das
plantas medicinais (BRASILEIRO, 2008; SANTOS, 2011b).

3.5.2 Fitoterapia

As plantas medicinais tem seus registros primitivos relatados como sendo um
dos mais antigos recursos utilizados na prevencao, cura ou tratamento de injdrias na
histéria da humanidade, na busca por recursos terapéuticos. Hoje em dia, muitos
fatores tém colaborado para o uso frequente deste recurso, incluindo o elevado custo
dos medicamentos industrializados, o complexo acesso da populacédo a assisténcia
médica, como também, a tendéncia na utilizacdo de produtos naturais (BORGES,
2006; BRASILEIRO, 2008; SANTOS, 2011b).

A organizacdo Mundial da Saude (OMS) verificou que aplicacdes
convencionais de saude, tais como acupuntura, fitoterapia e técnicas manuais estédo
em ascensao, obtendo espaco de maneira complementar aos
tratamentos medicamentosos. Cerca de 80% dos seres humanos tem inacessibilidade
ao atendimento priméario a saude, por residirem em locais afastados dos centros de
saude ou por ndo terem recursos financeiros para obtencdo dos medicamentos de
indicagdo médica. No entanto, o tratamento com plantas medicinais torna-se um
tratamento alternativo (VEIGA-JUNIOR, 2008).
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Na Conferéncia sobre Atencdo Primaria em Saude feita em Alma-Ata, 1978, a
OMS, adotou oficialmente o uso de fitoterapicos para fins preventivos, curativos ou
diagndsticos, com recomendacdes aos Estados Membros a transmissdo das
informacgfes necessarias para sua aplicagdo (SANTOS, 2011b; GONCALVES, et al.,
2013).

No Brasil, o emprego da fitoterapia pelo Sistema Unico de Saude (SUS),
propde por meio de seus principios: universalidade, integralidade e equidade, adotar a
fitoterapia para complementar a salde, buscando aumentar seu acesso, prevenir
injurias, promog¢do, manutencao e recuperacao da saude, para contribuir e fortalecer
esses principios, dispondo de politicas publicas e normas especificas com a finalidade
de institucionalizar essa pratica (FONTENELE, et al., 2013; GONCALVES, et al.,
2013).

No nordeste brasileiro, 0 uso das plantas medicinais ainda € comum na
elaboragdo de remédios caseiros, afim de tratar multiplas doencas, onde encontram
aproximadamente 500 espécies de vegetais, com composi¢do majoritaria de plantas
silvestres. Desta forma, estudos a respeito vem aumentando de forma gradual nessa
regido, resultando no aumento expressivo de publicacdo sobre o assunto (LUZ, 2001;
BORGES, 2006; BRASILEIRO, 2008; SANTOS, 2011b).

A ANVISA (Agéncia Nacional de Vigilancia Sanitaria) avalia como
medicamento fitoterapico aquele adquirido excepcionalmente de matérias-primas de
origem vegetal, que apresenta qualidade constante e reprodutivel e que seja
assinalado pelos levantamentos etnofarmacolégicos de seus riscos e eficacia,
bibliografias técnico cientificas em publicagcbes ou ensaios clinicos. A Anvisa tem
organizado normas para a regulamentacdo dos medicamentos fitoterapicos, desde a
Portaria n° 6, de 1995, advindo pelas Resolugdes da Diretoria Colegiada (RDC) n° 17,
de 2000; n° 48, de 16 de marco de 2004, n°10, de 9 de marco de 2010, e n° 14, de 31
de marco de 2010, atualmente vigente, que prepara sobre o registro de medicamentos
fitoterapicos (SANTOS, 2011b; GONCALVES et al., 2013).

3.5.2.1 Alpinia zerumbet

A Alpinia zerumbet € uma planta herbacea, perene e aromatica da familia
Zingiberaceae, encontrada em abundante quantidade no nordeste brasileiro. Cresce
em touceiras em posicao vertical de 8 a 10 m de altura em climas subtropicais e
tropicais. Tem origem no sul e sudeste Asia e atinge 2 a 3 metros de altura. E também
conhecida como “col6nia”, “agua-de-alevante”, “cuité-agu” e “pacova” (BEZERRA et
al., 2000; LORENZI; MATOS, 2002; ALBUQUERQUE; NEVES, 2004; SHANMUGAM

et al., 2011).
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Popularmente, todas as partes da planta (sementes, folhas, rizoma e flores)
séo utilizadas de formas diferentes para indicagdes clinicas como, dores de cabeca,
atividades relaxantes, anti-hipertensiva, atividade antiespasmadica, efeito relaxante do
tonus basal e efeito anti-inflamatorio (BEZERRA et al., 2000; LORENZI; MATOS,
2002; ALBUQUERQUE; NEVES, 2004; SHANMUGAM et al., 2011) (Figural).

Figura 1: Foto Alpinia zerumbet.(Fonte:<http://www.bambooland.com.au/gingers/alpinia-

zerumbet-cv-green-shell>).

Estudos em modelo murino com 6leo essencial ou extrato etandlico da Alpinia
zerumbet apresentaram acgdo anti-inflamatoria, inibindo processos edematosos em até
66%. Também foram encontrados resultados sobre o 6leo essencial do rizoma da
Alpinia zerumbet que demonstraram acdo anti-inflamatoria e antinociceptiva em ratos
com artrite, com modificacbes no hipocampo no cérebro (LEMAN et al., 2000).
Shanmugam et al. (2011), relataram atividade anti-inflamatéria cronica a partir do
extrato etandlico da Alpinia zerumbet, apresentando inducao de fibroblastos e sintese
de colageno e mucopolissacarideos durante a formacao de tecido do granuloma.

Além dos efeitos anti-inflamatérios, estudos experimentais utilizando o OEAz,
tem demonstrado uma variedade de atividades potencialmente benéficas, incluindo,
efeitos, anti-oxidante; ansiolitico e antidepressivo (JUNIOR et al., 2013);
vasorrelaxante e anti-hipertensivo (CUNHA et al., 2013); promocéao de cicatrizacdo de
feridas, diferenciacdo/remodelacdo de tecido conjuntivo, com influéncia nos
fibroblastos (SANTOS-JUNIOR, 2013); e acédo reguladora deste 6leo em canais de
Ca”®" (SANTOS et al.,2011a; CUNHA et al.,2013).

Tais propriedades sdo atribuidas a presenga de terpenos na composicdo a
Alpinia zerumbet e aos principios ativos terpeno-4-ol e 1,8 cineol, os quais podem
influenciar diretamente na inflamag¢édo, promovendo acgé&o inibitéria na producéo de

interleucinas e consequentemente reduzindo a sintese Fatores de Necrose Tumoral
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alfa (TNFa), um importante mediador pré-fibrotico (JUERGENS et al., 2003; KHALIL et
al., 2004; SANTOS et. al., 2004; CAL, 2006).

O monoterpeno 1,8 cineol é conhecido também como eucaliptol, tem uso
tradicional em medicamentos expectorantes. Em pesquisas clinicas com pacientes
asmaticos, o principio ativo 1,8-cineol proporcionou efeito anti-inflamatério, mucolitico
de vias aéreas superiores e inferiores, além de inibicdo na producdo de Fatores de
Necrose Tumoral alfa (TNFa) e interleucina 1 (mediadora de inflamag&o), leucotrieno4
(metabdlito do acido araquidbénico, aumenta a permeabilidade vascular) e tromboxano
(vasoconstritores na circulacdo sistémica, mas vasodilatadores na circulacdo
pulmonar). Relataram o 1,8 cineol, como um potente inibidor de citocinas que pode ser
adequado para o tratamento a longo prazo da inflamacdo das vias aéreas na asma
brénquica e outras injarias sensiveis aos corticosterdides (JUERGENS et al., 1998a;
1998b; 2003).

Sendo um dos componentes mais encontrados na Alpinia zerumbet, o
monoterpeno 1,8 cineol é utilizado também, com a finalidade de aprimorar a absor¢éo
dos medicamentos transdérmicos, pois, apresenta interacdo com lipideos e queratina,
permitindo a expansao da solubilidade aos medicamentos (SAPRA et al., 2008). Essa
absorcéo acontece por via inalatoria, estudos indicam que apos 15 minutos inalado, o
1,8 cineol ja se encontra na corrente sanguinea (JAGER et al.,1996).

As pesquisas clinicas realizadas em trabalhos publicados anteriormente
revelaram efeitos quando utilizando os principios ativos do OEAz foram: atividade
relaxante de duodeno, onde o terpeno-4-ol, quando administrado na dose de 60 mM
inibe a sua contracdo fasica, provavelmente pelo antagonismo de célcio dependente
(NASCIMENTO et al.,, 2005) e acgdo anti-inflamatoéria redutora da substéncia P,
segundo Juergens et al., (2003) e o 1,8-cineol com efeito anti-inflamatério de vias
aéreas, evidenciados também em estudos realizados por Santos et al., (2004), Koh
(2002) e Cal (2006) além de efeito de absorcédo dérmica em 1 hora.

Estudo desenvolvido por Candido et al. (2012), demonstrou acdo depressora na
atividade do sistema nervoso central, onde criancas com paralisia cerebral com
aplicacdo topica e inalatéria do OEAz na dose 0,05ml/10Kg para relaxamento de
musculaturas espasticas (tensdo muscular) apresentaram, além do relaxamento
muscular de forma significativa, segundo as maes, melhora na tosse, sialorréia,
respiracdo bucal, porém sem alteracdo no comportamento que refletisse acgéo

depressora central.
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4 CAPITULO Il - MATERIAL E METODOS

4.1 Desenho da Pesquisa

O presente estudo caracteriza-se como um estudo explicativo, experimental, com
abordagem analitica quantitativa de dados. Foi submetido a analise pelo Comité de
Etica no Uso de animais (CEUA) da referida universidade com aprovacdo de
protocolo: 070514 (ANEXO 1I).

Antes de iniciar a pesquisa foi realizado um projeto piloto, no qual, os
pesquisadores passaram por um processo de treinamento para manuseio, aplicacédo
dos devidos medicamentos, analise histomorfolégica do infiltrado inflamatdrio e analise
do colageno dos pulmdes dos ratos. Essas andlises do projeto ocorreram no Instituto

de Tecnologia e Pesquisa (ITP) de Sergipe (SE).
4.2 Obtencéo do 6leo essencial da Alpinia zerumbet

O oleo essencial de Alpinia zerumbet, foi coletado pela empresa Hebron a
partir de folhas verdes e extraido por destilagcdo a vapor. A planta Alpinia zerumbet foi
catalogada no Herbarium na Universidade Federal de Sergipe numa exscicata com o
cbédigo de ASE No. 08245. A dose utilizada neste estudo foi de 0,05 mL / 10 kg na
concentracéo de 100% e foi diluida em solucdo solugéo salina para tratamento através
da nebulizagdo. Este O6leo essencial da Alpinia zerumbet foi analisado
cromatograficamente e foram apresentados monoterpenos de hidrocarbonetos
(40.32%), predominantemente y-de terpineno (11,63%) e p-cimeno (5,85%);
monoterpenos oxigenados (50,94%), cujos terpenos foram terpeno-4-ol (23.23%) e 1,8
cineol  (21.77%); sesquiterpenes oxigenados (3,52%) e hidrocarbonetos
sesquiterpénicos (2,8%) [artigo que esta sendo avaliado na revista phytomedicine].

4.3 Manipulagdo/ Cuidado com os animais

Foram utilizados 75 ratos da linhagem Wistar (Rattus norvegicus albinus), de
ambos 0s sexos, com aproximadamente 12 semanas de idade e peso médio de 250 +
50 g, provenientes do Biotério da Universidade Tiradentes. Os animais permaneceram
no biotério, em gaiolas de polipropileno padréo, agrupados em numero de 5, mantidas
em ambiente com temperatura controlada de (~22°C), regime de luz, com ciclo
claro/escuro de 12 horas, recebendo &gua e racdo balanceada ad libitum. Os 75
animais foram divididos em 5 grupos:

e Grupo Sham, saudavel, sem inducgdo (n=15);

e Grupo Veiculo, induzidos com solucao salina (n=15);
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e Controle Fibrose, tratados com BLM-+ solu¢éo salina(1mL) (n=15);
e Grupo Deflazacorte, tratados com BLM+ Deflazacorte(1mL/kg ) (n=15);
e Grupo OEAz, BLM+ submetidos a terapéutica inalatéria pelo OEAz (0,05
mL/10kg)(n=15) .
Subdivididos em 3 tempos: 03, 14 e 28 dias, respectivamente (Figura 2).

4.4 Administracdo da bleomicina e técnica de inducéao

O método sugerido modifica 0 método de Rossari (2004). A inducéo da FP foi
por injecdes intratraqueais em procedimento cirargico de sulfato de bleomicina, em
doses de 10 U/kg em animais anestesiados com Cloridrato de Ketamina a 10% (95
mg/kg) e Cloridrato de Xilazina 2 % (12 mg/kg). A instilagdo da bleomicina foi
realizada com agulha de 100U utilizada para injetar insulina na traqueia com
orientacdo de palpacao para localizar a traqueia. Para se ter o acesso do limem da
traqueia a agulha foi inclinada a 10° graus e 0,7cm acima da linha tracada no limite
superior dos ombros dos ratos.

Foi aguardado um periodo de 3 dias para a inducdo da fibrose pulmonar. Foi
retirado o material bioldgico para verificar a FP in situ (pulmé&o direito e esquerdo). O
material foi processados para analise hitomorfolégica do infiltrado inflamatério e

medicao do quantitativo de hidroxiprolina.

4.5 Dose

A dose do OEAz foi de 0,05 mL/10Kg, ministrada de forma inalatéria. Para
realizacdo da terapéutica foi criada uma camara adaptada em que os animais
receberam o OEAz por via inalatoria através da aerossolterapia diariamente. A
dosagem de Deflazacorte (confeccionado em farméacia de manipulagéo) foi de 1mg/kg

administrada por gavagem/diaria.
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75 animais

Grupo Sham N=15

Grupo Veiculo (0,5 mL)
N=15

Grupo controle Fibrose
(BLM+solugéo salina
imL)

N=15

Grupo Deflazacorte
(BLM+1mg/10kg)
N=15

Grupo
OEAz

(BLM+0,05mL/10kg)
=15

3 dias = 5 animais

3 dias = 5 animais

3 dias = 5 animais

3 dias =5 animais

3 dias = 5 animais

14 dias = 5 animais

14 dias = 5 animais

14 dias = 5 animais

14 dias = 5 animais

14 dias = 5 animais

28 dias = 5 animais

28 dias = 5 animais

28 dias =5 animais

28 dias = 5 animais

28 dias = 5 animais

Figura 2: Organograma nas fases experimentais com ratos induzidos e ndo induzidos a FP por

bleomicina (10U/kg), N= 75 animais.

Os ratos foram sacrificados apés 03,14 e 28 dias de tratamento, no qual o térax
de cada rato foi aberto e hilo de cada pulméo foi ligado. Os pulmdes foram dissecados
livres de seu brdnquios, vasos sanguineos e ganglios hilares. Cada amostra de
pulmdo foi pesada para peso Umido, livre de sangue com soro fisiolégico estéril
gelado. Pulm@es direitos foram utilizados para fazer o Lavado Broncoalveolar
(LBA). Um terco dos pulmdes esquerdos foram fixados a 10% de formalina tamponada
neutra para exame histopatologico. Dois tercos dos pulmdes esquerdos foram
imediatamente congelados a -20 ° C para a medicdo da hidroxiprolina (SAMAH et al.,
2012).

4.6 Coeficiente Pulmonar

Nos dias 0, 03, 14 e 28, todos os ratos foram pesados para observar possiveis
mudancas de massa corporal e pulmonar dos animais em cada grupo. Nos dias 03, 14
e 28, os ratos foram sacrificados e os pulmdes foram retirados e pesados. Coeficiente

pulmonar foi determinado pela equacao:
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Coeficiente Pulmonar (CP) = Massa Pulmonar (g) x 100%

Massa Corporal (Kg)

4.7 Andlise histopatoldgica

4.7.1- Andlise Semiquantitativa da Intensidade da Reacdo Inflamatéria

(seccdes coradas em HE)

Para avaliagdo das caracteristicas histomorfol6gicas associadas ao processo
inflamatorio/reparativo, foram analisadas as secc¢des histologicas coradas em HE,
observando-se 0s seguintes critérios: intensidade e tipo do infiltrado inflamatorio. A
intensidade do processo inflamatério foi observada e determinada de acordo com os
seguintes critérios: (aguda) — quando as células inflamatérias, independente de seu
fendtipo, constituirem menos de 10% da populacdo celular observada na area da
ferida cirdrgica; (subaguda) — quando as células inflamatérias, independente de seu
fendtipo, constituirem entre 10% a 50% da populacdo celular observada na area da
ferida cirdrgica. (crénica) — quando as células inflamatorias, independente de seu
fenotipo, constituirem mais de 50% da populagéo celular observada na area da ferida
cirurgica. A tipagem da reacao inflamatoria foi determinada considerando-se a analise
semi-quantitativa das diferentes células inflamatérias de acordo com o0s critérios
descritos na Tabela 1 (SOUZA et al., 2013).

33



Tabela 1. Descricao dos parametros para a avaliagdo histolégica da intensidade da resposta

inflamatéria nas areas das feridas.

Escore da resposta | Semiquantificagio da resposta | Classificagdo da resposta
inflamatoria inflamatoria inflamatoria

0 Ausente Ausente

1 Leve

2 Moderada Cronica  (predominancia de

linfocitos e histidcitos)

3 Intensa

4 Intensa Subaguda (equilibrio de
neutrofilos, linfécitos e
histiécitos)

5 Intensa Aguda (predominancia de

neutrdfilos)

Fonte: Adaptado de Souza et al., 2013.

Para realizacdo da andlise, pulmdes esquerdos foram cortados
transversalmente com 3 seccdes de 5 um de espessura de cada e analisados por
randomizacdo sistematica. As imagens dos cortes histoldgicos foram digitalizadas a
partir de um polarizador para luz transmitida (45MM U-POT, Olympus) acoplado a
microscopio trtinocular CX31 (Olympus), com sistema de captura de imagens C-70070
WIDE ZOOM (Olympus). As imagens foram digitalizadas com aumento microscoépio de

100 e 400 vezes e gravadas em formato TIFF sem compresséo.

Através do programa Axion Vision Rel. 4.8 para Windows, estes arquivos de
imagem foram abertos, as quais foram exibidas na tela do monitor em 100% do seu

tamanho, sendo realizada a analise conforme escala descrita anteriormente.

4.8 Lavado broncoalveolar (LBA)

O fluido de lavagem broncoalveolar (LBA), foi recolhido a partir dos pulmdes
direitos. A traqueia foi canulada e bronquio esquerdo foi suturado. Foi instilado no
limen das vias aéreas direitas, na qual foi lavada trés vezes com 2 mL de solucao
salina fisiol6gica estéril e retirado um total de 4 ml por meio de uma sonda traqueal
acoplado a uma seringa de 5 mL, aproximadamente 85% da taxa total do fluido foi

recuperado (Figura 3). O sobrenadante isento de células foi recolhido ap6s
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centrifugacdo a 5000 rpm durante 10 min a 4 ° C. Os sedimentos celulares foram
ressuspensos em 200 ul de solugéo salina fisiolégica. As contagens de células totais
foram realizadas por um equipamento automatizado (Sysmex Hematologia XE-
5000™-Laboratdrio de Biomedicina da Universidade Tiradentes) e diferenciais (Wright-
Giemsa) foram realizadas utilizando hemocitémetro (KUROKAWA et al., 2010;
CHITRA et al., 2013; GOU et al., 2014).

Figura 3: Procedimento de Lavado broncoalveolar para contagem total e diferencial de
leucdcitos.

4.9 Avaliagao dos parametros hematoldgicos

Coletas de sangue foram realizadas apés a eutanasia dos animais no qual foram
utilizados tubos coletores internamente revestidos com acido etilenodiamino tetra-
acético (EDTA), evitando assim a coagulacdo da amostra. Os parametros
hematolégicos avaliados foram contagem diferencial, tais como os eosinoéfilos (%),
linfécitos (%), neutréfilos e mondcitos (%). Essa contagem diferencial dos leucécitos foi
realizada através do esfregaco sanguineo previamente elaborado com as amostras
frescas, através de uma gota de sangue total pingada em lamina limpa de vidro com
borda fosca e identificada para a preparacdo do esfregaco. Apos esfregaco pronto, as
laminas estendidas foram coradas com corantes pandticos, e sera realizada a
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contagem diferencial em 100 células utilizando o microscépio de Luz. Apds
centrifugac@o a 3000 rpm durante 4 min, o soro sanguineo foi utilizado para mensurar

a concentracdo plasmatica de TGF-f ;.

410 Nivel de TGF-B; medido peloensaio de imunoabsorcao
enzimatica (ELISA)

A concentracdo plasmatica de TGF-B,foi medida por kit ELISA (Life
technologies) como descrito anteriormente (CHEN et al., 2015), e o procedimento foi
de acordo com as instrugdes do fabricante como se segue: Foram adicionados 100 uL
da solucdo Padrdo Tamp&ao de Diluicdo (Standard Diluent Buffer 8 mM sodium azide;
25 mL). Foram deixados pocos vazios para cromogeno em branco. Em seguida, foram
adicionados 100 uL de padrdes e as amostras diluidas aos pogos apropriados. A placa
foi tapada e a incubagdo ocorreu durante 2 horas a temperatura ambiente.
Subsequente, a solucdo foi descartada cuidadosamente e os pogos foram lavados 4
vezes com tampao de lavagem (Wash Buffer Concentrate 25X).

Apoés essa etapa, foi adicionado o anticorpo detector, para isso, 100 mL da
solucdo de deteccdo de anticorpos foram adicionados em cada pogo, exceto 0s
espacos em branco cromogeno. A placa foi coberta e a incubacao foi durante 1 hora a
temperatura ambiente. Posteriormente, a solucdo foi descartada novamente
cuidadosamente e os pogos foram lavados 4 vezes com tampdo de lavagem.
Imediatamente foi Adicionado o Anti-Rabbit HRP IgG e 100 uL da solugdo Padréo
Tampao de Diluicdo. Em seguida, foram deixados pog¢os vazios para cromogemo em
branco, a placa foi coberta e a incubacdo durou 30 minutos a temperatura ambiente,
logo apés, a solucdo foi novamente descartada cuidadosamente e os pocgos foram
lavados 4 vezes com tampdao de lavagem.

Ao término do experimento, foram adicionados 100 ul de cromogeno
estabilizado a cada poco. A solugcdo de substrato ficou azul, a incubagdo durou 30
minutos a temperatura ambiente no escuro. Apos o tempo esperado foi adicionado 100
mL de solugéo de paragem a cada pocgo. A solugcdo mudou de azul para amarelo e a

absorbancia foi lida a 450 nm (Figura 4).
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Figura 4: Procedimento de andlise da microplaca (96 pocos) realizada com as amostras de

sangue colhidas para quantificagdo do TGF-;.

4.11 Grau de Fibrose — “Aschroft scale”

Para a analise histolégica quantitativa, uma escala fibrética numérica foi utilizada
"Aschroft scale" (ASHCROFT et al., 1988). Resumidamente, o grau de FP foi pontuado
em uma escala de 0-8, examinando seis campos escolhidos aleatoriamente por
amostra com uma ampliacdo de 100X. Os critérios de classificacdo de fibrose do
pulméo foram como se segue: grau (0): de pulm&o normal; grau (1): espessamento
fiboroso minimo paredes bronquiolares ou alveolares; grau (3): espessamento
moderado de paredes sem danos evidentes arquitetura pulmonar; grau (5): aumento
da fibrose com danos na estrutura pulmonar e formagdo de bandas fibrosas ou
pequenas massas fibrosas; grau (7): a distorcdo grave da estrutura e grandes areas
fibrosas; e grau (8): obliteracéo fibroso total de campos. A pontuacdo média de todos
os campos foi realizada como a pontuacdo da fibrose encontrada no do corte
histologico de pulm&o (SAMAH et al.,, 2012). Se houvesse alguma dificuldade em
decidir entre duas categorias de numero impar, o campo foi representado pelo grau de
de numero par (Exemplo: davida entre grau 1 e 3, o campo foi representado por grau 2
(ASHCROFT et al., 1988).

4.12 Andlise Morfoldgica do colageno
Para analise do padrao de neoformacédo do colageno, 3 seccdes histolégicas de

5 um de espessura foram corados pela técnica histoquimica do picrossirius e
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analisados sob luz polarizada por randomizacéo sistémica (ALBUQUERQUE JUNIOR
et al., 2009). Para tanto, foi utilizado um polarizador para luz transmitida (45MM U-
POT, Olympus) acoplado a um microscopio trinocular CX31 (Olympus), com sistema
de captura de imagens C-70070 WIDE ZOOM (Olympus). Para essa andlise descritiva
do padrdo de formacdo do colageno foram analisadas as seguintes variaveis:
birrefringéncia (esverdeada ou amarelo-esverdeada para colageno tipo Il imaturo, e

alaranjada ou avermelhada para colageno tipo | maduro).

4.13 Preparacgéo de pulméo homogeneizado de tecido

Cada pulméao direito e esquerdo foi pesado, homogeneizado e dividido em
microtubos de forma igual (Figura 5). Um dos microtubos foi usado para medicdo do
teor de hidroxiprolina do pulméo (SAMAH et al., 2012).

Figura 5: Armazenamento (congelado) logo apds coleta das amostras dos ratos induzidos e

ndo induzidos a FP por bleomicina para medi¢&o de hidroxiprolina e TGF-f3 ;.

4.13.1 Medicao de hidroxiprolina do tecido pulmonar

O teor de colageno total do pulméo foi determinado pelo método de ligacéo de
corante  MAKOO08-1KT Hydroxyproline Assay Kit (Sigma- Aldrich, representante
nordeste/Brasil). Tecidos do pulm&o esquerdo foram cortados 10 mg, no qual, uma
aliquota de 1 mL de cada suspensdo homogeneizada foi colocado em microtubos
selados muito bem tapados contendo 100mp de 4gua ultrapura e 100mp de solucao
de acido cloridrico 12 M para ser mantida a 120 ° C durante 3 h para completar
digestao.

O hidrolisado resultante foi deixado arrefecer a temperatura ambiente para ser

neutralizado com 2 ml de solucdo de hidroxido de sédio 6 M e, em seguida, foram
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transferidos 50 ul e entdo adicionados a 1 ml de solugcdo consistindo de 1,4% de
cloramina T, 10% de propanol, e 0,5 M de acetato de sodio, pH 6,0. Apés 5 min de
incubacdo a temperatura ambiente, 1 ml de reagente de Ehrlich (1 M
dimetilaminobenzaldeido (DMBA) em 70% de propanol e 20% de &cido perclérico) foi
adicionado, e a soluc¢do resultante foi incubada a 60° C durante 1 hora e 30 min. Apos
arrefecimento a temperatura ambiente, a absorbancia foi medida a 560 nm num leitor
de microplacas (Thermo Plate tp reader) (Figura 9), e a quantidade de hidroxiprolina
foi determinada relativamente a uma curva padrdo preparada com a utilizacdo de
concentrac¢des conhecidas de hidroxiprolina. Trans-4-hidroxi- L -prolina (10 ug / mL) foi
utilizada como uma solugéo padréo (LI et al., 2015) (Figura 6).

Figura 6: Procedimento de andlise da microplaca (96 pocos) realizada com as amostras de

tecido pulmonar colhidas para quantificacdo de hidroxiprolina.

4.14 Anédlise Estatistica

Valores descritivos foram expressos das médias e desvios padrbes apls a
normalidade das variaveis com o Kolmogorov smirnov. O programa GraphPad Prism
6.01 foi utilizado para todas as andlises estatisticas . Dados gausianos foram
comparados por meio de andlise de variancia (ANOVA) e testes de comparacdes
multiplas de Tukey. Dados ndo gausianos foram analisados pelo teste Kruskal- Wallis
e teste de comparagfes multiplas de Dunn. A significancia estatistica foi determinada

quando foi p < 0,05.
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Abstract

Background: Pulmonary fibrosis is a disabling and life-threatening disease,
involved in inflammatory processes which proceed in fibroblast proliferation and
consequent increase of connective tissue in lung parenchyma, leading to
deterioration of function. Objective: to determinate the effectiveness of a new
method of inducing pulmonary fibrosis with bleomycin (BLM) injected into the
lumen of the trachea aided by palpation in mice. Material and methods: The
sample was consisted of 18 mice subjected to induced pulmonary fibrosis and
their controls. After 3 days the animals were euthanized and lungs erer
removed, which were processed for morphological analysis of the inflammatory
infiltrate and check total collagen content of the lung hydroxyproline count in
tissue. The GraphPad Prism 1.6 software was used for statistical analysis with
ANOVA ONE WAY test with Tukey post-test, p values <0.05 were considered
significant. Results: It was found that the inflammatory process induced by
BLM behaved with infiltration of inflammatory cells reflecting inflammation and
increased hydroxyproline with a significant difference. Conclusion: The new

method proved to be a simple and efficient method for FP induction.

Key words: Pulmonary Fibrosis, Alpinia, Trachea.

List of "Abbreviations"

BLM- Bleomycin

ECAU - Ethics Committees Animal Use
HE - Hematoxylin-Eosin

PF- Pulmonary Fibrosis
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Introduction

Pulmonary Fibrosis (PF) is a chronic and progressive disease that affects
the lung parenchyma irreversibly. The progression of the disease leads to the
replacement of healthy lung tissue by fibrous connective tissue. It affects the
disease lung compliance and gas exchange causing severe respiratory failure
and death.

The pathology develops secondarily to other pulmonary aggression,
resulting from chronic inflammatory diseases, viral, radiotherapy,
chemotherapy, among others. However, the origin of pulmonary fibrosis is still
unknown in most of cases, so-called idiopathic pulmonary fibrosis (IPF) [1].

The most used experimental model of PF in use today is induced by the
BLM in mice [2]. Several authors have reported the induction of pulmonary
fibrosis in mice Wistar intratracheal medium, exposing the trachea, where,
through a dissection is instilled BLM sulfate single dose of 100mg / kg into the
trachea [3]. Other methods used to induce pulmonary fibrosis is through oral
and nasal instillation in which, after the animals were anesthetized BLM is
administered using intravenous catheters, such as small intratracheal probes
[4].

However, the most widely used model is the single intratracheal
administration with only one application in low wall model [11] accessing the
trachea surgically, requiring the animals to an open procedure and risk
aggravating.Thus, this study aimed to verify the effectiveness of a new method
of inducing pulmonary fibrosis with BLM injected into the lumen of the trachea

aided by palpation in murine.
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Materials and Methods
Animals

Adult Wistar rats (Rattus norvegicus albinus, 200—-300 g) were randomly
assigned into one of 3 groups (n = 18, 6 eat group). Rats housed were in
controlled conditions at 22 + 2 °C under a 12-h light/dark cycle, with access to
food and water ad libitum. The experiments reported in this study performed
were in accordance with the current guidelines for the care of laboratory
animals and the ethical guidelines for investigations of experimental pain in
conscious animals. The Ethics Committees Animal Use (ECAU) of the

Tiradentes University, Sergipe, Brazil approved study (#070514).

Groups

The groups were made as follows: Sound group without any injuries or
procedures; Vehicle group only subjected to instillation of saline solution
injected by an insulin syringe in the lumen of the trachea with the aid of
palpation; and Lesion group, animals FP induced by instillation of BLM
injected by an insulin syringe in the lumen of the trachea with the aid of

palpation.

Experimental design

The suggested method modifies the [3] method. Induction of PF was by
intratracheal injections surgical procedure BLM sulfate, at doses of 10 U / kg
in animals anesthetized with ketamine at 10% (95 mg / kg) and xylazine 2%
(12 mg / kg ). The instillation of BLM was performed using 100U needle used

to inject insulin into the trachea with palpation guidance to locate the trachea.
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To get the tracheal lumen access, the needle was inclined at 10 degrees and

0.7cm above the line drawn on the upper limit of the shoulders of the mice

(Figure 1).

Figure 1. Demonstration of Pulmonary Fibrosis induced by injecting bleomycin
directly into trachea without surgery.

After 3 days, the induction of pulmonary fibrosis was started. It was
removed the biological material to verify in situ FP (right and left lung). The
material was processed for hitomorfoldgica analyze inflammatory infiltration

and the quantitative measurement of hydroxyproline.

Histological analysis of the inflammatory infiltrate
The histological sections stained were with hematoxylin—eosin (HE)

according to the procedure described by [5]. The infiltration type and the
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inflammatory process were classified as acute when polymorphonuclear cells
predominated; or chronic when mononuclear cells predominated.
The fixer used in this study was 70% buffered formalin. Lung tissue with

approximately 3 mm thickness was fixed in formalin for 48 hours.

Inclusion and Court
In the dehydration process, successive washings of the lung tissues were
performed in increasing concentrations of alcohol (70%, 95%, 95%, 100%,

100%).

Staining with hematoxylin-eosin

The staining technique was as follows: after the hydration process
followed by washing in running water and distilled water the slides, they were
bathed in hematoxylin for a period of 3 minutes followed by rinsing with water
for removal of excess dye. Then it proceeded with eosin staining for 30
seconds. After this, the blades have undergone a new dehydration process by
washing with increasing concentrations of alcohol (80%, 95%, 100%). Next, the
slides were placed in xylene (diaphanization), where they remained for 10
minutes.

In this staining, the following inflammatory cells were analyzed:
lymphocytes, macrophages, neutrophils, and plasma cells. The slides were
photographed with microscope (Olympus BX51, Tokyo, Japan) equipped with a
digital camera (Olympus DP71, Tokyo, Japan). Images were acquired with a

resolution of 2040 x 1536 pixels and saved in file in TIF format.
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Morphological Analysis of Inflammatory infiltrates

To evaluate the histological and histopathological features associated
with inflammatory lung process, it was analyzed the histological sections
stained with hematoxylin-eosin (HE). The predominance of cells involved in
the inflammatory process it was by recognition and counting of leukocytes
with identification of polymorphonuclear and mononuclear cells. The slides
were photomicrographed in four histological fields (magnification of 100x) and
were digitized using Olympus 200® image capture software. The images
were overlapped by 100 test reticle containing a total of 500 points counting
on each blade preventing the counting of the cells. The average of the cells
was obtained through summation ratio structures, and the quantitative

analysis fields [5].

Measurement of hydroxyproline of the pulmonary tissue

Each right and left lung was weighed, homogenized and divided into
microtubes equally. One of the microtubes were used for measurement of lung
hydroxyproline content. Content of Total lung collagen was determined by the
dye binding method MAKOO08-1KT Hydroxyproline Assay Kit (Sigma-Aldrich,
representing north / Brazil). The left lung tissues were cut and then added 10
mg Ehrlich solution (1 M dimethylaminobenzaldehyde (DMBA) in 70% propanol
and 20% perchloric acid). After cooling to room temperature, the absorbance is
measured at 560 nm in a microplate reader (Thermo Plate reader tp) and the
amount of hydroxyproline was determined relative to a standard curve prepared
using known concentrations of hydroxyproline. Trans-4-hydroxy-L-proline (10 g /

mL) was used as a standard solution.
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Statistical analysis

The program GraphPad Prism 6.01 was used for all statistical analyses.
Results are expressed as the meanxSD. Statistical significance (p<0,05) was
determined using a ONE-WAY ANOVA, and Tukey’s test of quantitative

measurement. Each time point was analyzed separately.

Results and Discussion

It was realized the standardizing of the pulmonary fibrosis induction by
instillation of BLM was carried directly into the trachea the animal in vivo and
without the need for surgery. Thus lower risk of death in invasive procedure and
difficult to perform.

HE staining was performed to observe the pathological change with
pulmonay fibrosis. Histological examination of lung samples showed that BLM
induced classical FP through the new method of induction in injury group

(Figure 2).

A - Sound

Figure 2: Histological sections of lungs samples of rats treated with BLM

showing (HE, 400x magnification).

After the inflammatory cell count ,the most frequent cells were
polymorphonucleate inflammatory cells (neutrophils) and mononuclear

(macrophages and lymphocytes) in relation to other types of
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polymorphonucleate cells (neutrophils, monocytes and plasma cells. The mean
count of Lymphocytes (p <0.001) and macrophages (p <0.001) in the injury
control group were different in relation to the healthy group. And in relation to

the vehicle, lymphocytes (p <0.001) and macrophages (p <0.05) (Figure 3).
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Figure 3: Mean types on Inflammatory cells polymorphonuclear and
mononuclear in 3 days in the induction of pulmonary fibrosis for bleomycin.

ANOVA ONE-WAY and Tukey pos-test; *p<0,05, *p<0,01, and ***p<0,001.

Figure 4 shows the average quantity of collagen deposition in rats with
induced by BLM in mice. This analysis was performed with hydroxyproline,
demonstrating that the lesion group showed a denser deposition of this
compound demonstrated the arrangement for collagen formation in this tissue

significantly manner towards Sound groups (p <0.01) and vehicle (p <0.05).
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Figure 4: Hidroxyproline analysis in the 3-days at pulmonar fibrosis for
bleomicine in rats. Induction intratracheal injections surgical procedure
bleomycin sulfate, at 10 U / kg doses. ANOVA ONE-WAY and Tukey pos-test;

*p<0,05, **p<0,01, and ***p<0,001.

The average between the groups was in the healthy group (0.07 +
0.0053); in the vehicle group (0.08 + 0.028); and the lesion group (0.11 +
0.037). In order to investigate how is the development of PF a widely used
method is to experimental lung injury induced by BLM [7].

The PF induction method has been optimized by applying various doses of
intraperitoneal application [8], intravenous [9], subcutaneously [10] and nasal
instillation [4], however, the most widely used model is the single intratracheal
administration with only one application in low wall model [11] accessing the
trachea surgically, requiring the animals to an open procedure and risk
aggravating.

In this study, we used a new method standardizing the induction of PF by

instillation of BLM directly into the living animal trachea, without surgery, only
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using an insulin syringe. With this procedure it was possible to verify the
possibility of PF induction without the need for surgical access to the trachea
followed by instillation of BLM. As the group subjected to induction, group injury,
inflammatory cells presented the type lymphocytes and macrophages in the
lung tissue predominant form.

In this study, histological analisis was performed in three days, after the
first event involving the first pro-inflammatory cells. Ou et al.[12] Report that in
FP is common to find lymphocytes and macrophages. This statement is
strengthened by [13], [14] and [15] when reporting substantial contribution to
these cells in BLM-induced lung inflammation. As for [3], the cells most often
found during the acute phase of pulmonary fibrosis are macrophages.

According to Das et al. [16] in acute lung inflammation, inflammatory cells
responds injuries, repairing or removing damaged tissues caused by physical,
chemical or biological events. The process involves endothelial cells, epithelial
cells and alveolar macrophages; and chemokines, adhesion molecules and
secreting tissue factor [17]. Monocytes are directed to the site followed by
macrophages. Macrophages in turn, are responsible for the high concentrations
of reactive oxygen species and nitrogen [17]; [18].

It was observed in this study, the increase in hydroxyproline in the lung
tissue injury in group also induced by BLM in relation to Healthy and vehicle
groups. This finding is explained by the involvement of more events of
inflammation that leads to pulmonary fibrosis. Hydroxyproline is an amino acid
present in the composition of collagen induced pro-fibrotic proteins synthesized
by transdifferentiation of quiescent fibroblasts into myoblasts [19]; [18]; [20];

[21]; [22]; [23] and hence increase of collagen expression [6].
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Conclusion
It is concluded that the induction proposed by this study, by injection
instilled into the trachea without surgical access was satisfactory, producing
inflammatory cells and increase in hydroxyproline production resulting from PF.
The induction by direct instillation of BLM into the trachea without surgical
access and aided by palpation is a quick and economical method; eliminates
the complications of surgical procedures and reduces the risk of death of the

animals.
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Abstract

Background: Pulmonary Fibrosis (PF) is a chronic and progressive disease
that presents little possibility of therapy. The Alpinia zerumbet has attracted
great attention due to their therapeutic actions. The essential oil obtained from
the leaves and branches shows through chemical analysis the presence of
several terpenes, among them are highlighted terpene-4-ol (23.2%), 1-8 cineole
(21.8%). Objective: To evaluate the effect of the essential oil of Alpinia
zerumbet (EOAZz) on bleomycin-induced pulmonary fibrosis in murine model.
Material and methods: Seventy-five Wistar rats were used and after each
treatment period histomorphological evaluation of inflammatory infiltrate; Total
and differential leukocytes counts; categorizing of the grade of PF;
quantification of collagen and of transforming growth factor beta 1 (TGF(1)
were performed. Results: Values significantly lower (p <0.05) were observed in
the group treated with EOAz in relation to the weights of the lungs, inflammatory
cells, TGF B1, collagen deposition and hydroxyproline levels at 03, 14 and 28
days when compared to groups Fibrosis Control (FC) and deflazacort (DFZ).
Conclusion: EOAz significantly enhances the anti-inflammatory response with
potential regenerative effect possibly by inhibitory action of TGFB1 and the

decrease of the collagen deposition.

Key terms: Alpinia; bleomycin ; pulmonary fibrosis.
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List of "Abbreviations"

BLM-
ECAU -
DFZ-
EOAz-
FC-
HE -
BALF -
PF-
PGE2-
TGFB -
TLR2-

TLR4-

Introduction

Bleomycin

Ethics Committees on Animal Use
Deflazacort

Essential oil of Alpinia zerumbet
Fibrosis Control
Hematoxylin-Eosin
Bronchoalveolar lavage fluid
Pulmonary Fibrosis
Prostaglandin-2

Transforming growth factor beta
Toll-like receptor 2

Toll-like receptor 4

PF is a progressive and chronic interstitial lung disease characterized

morphologically by diffuse inflammatory process which result in excessive

fibroblast proliferation and thickening of alveolar septa with collagen deposition

in lung parenchyma (Martinez et al. 2008; Smith et al. 2010). It is stems from

adverse toxic effects of anticancer drugs such as BLM during human cancer

therapy. It is estimated that with the time of exposure to toxic dust from 5 to 10

years has already been demonstrated to provide some kind of risk limitation

pulmonary disease and fibrosis. In 2000, the average estimated cost rates for
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each health patient related to PF were approximately $33,304 and $40,707 in
the United States (Raghu et al. 2004; Stefanov et al. 2013).

Many treatment options have been investigated, But the standard
treatment used includes anti-inflammatory agents and immunosuppressive
drugs, which offer little efficacy and many side effects affecting multiple organs
such as glaucoma, cataracts, euphoria, depression, diabetes, arterial systemic
hypertension (ASH), peptide ulcer and pancreatitis, leads it causes thus a poor
quality of life and shorter survival of patients (Swigris and Brown 2006; Smith et
al. 2010). For this reason, it is necessary to implement a therapeutic method
such as herbal medicine, which is more effective without adverse effects
(Veiga-Junior 2008; Loveman et al. 2015).

Alpinia zerumbet is a herbaceous plant of the Zingiberaceae family, with
synonymy A.speciosa, commonly found in Brazilian northeastern. Popularly, all
parts of the plant (rhizomes, leaves, flowers and seeds) are used as medicinal
agent (Lorenzi and Matos 2002; Albuquerque and Neves 2004). Studies in
murine model with essential oil or ethanol extract of Alpinia zerumbet showed
anti-inflammatory action by inhibiting edematous processes by up to 66%.
Results were also found about the essential oil from the rhizome of Alpinia
zerumbet that demonstrated anti-inflammatory and antinociceptive action in rats
with arthritis, with changes in the hippocampus in the brain (Leman et al. 2000).
The anti-inflammatory chronic activity from ethanol extract of Alpinia zerumbet
was described, showing induction of fibroblasts and synthesis of collagen and
mucopolysaccharides during the formation of granuloma tissue (Shanmugam et

al. 2011).
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In addition to antiinflammatory effects, experimental studies using EOAz
has shown a variety of potentially beneficial activities, including effects anti-
oxidant; effects anxiolytic and antidepressant (Santos et al. 2011); vasorelaxant
and antihypertensive (Cunha et al.2013); promoting wound healing, the
differentiation/remodeling of connective tissue, influencing in fibroblasts (Junior
et al. 2013) and a regulating action of this oil in Ca®* channel (Cunha et al.
2013; Santos-Junior 2013). The essential oil obtained from the leaves and
branches of Alpinia zerumbet was chemically analyzed by GC/MS revealing the
presence of various terpenes, including stood terpene-4-ol (23.2%), 1-8 cineol
(21, 8%), y-terpene (11.6%) and y-cymene (5.8%) (Santos-Junior 2013). By
presenting this anti-inflammatory action and potential regenerative effect,
preclinical studies on the essential oil of Alpinia zerumbet were conducted to
test its effects in tissues with PF. Thus, objective of this study was to assess the
anti-inflammatory and regenerative fibrotic tissue subjected to treatment with

EOAz in a murine model of PF.

Material and methods

Research Design

This study is characterized as a comprehensive study, experimental, using
a gquantitative analytical approach data. It was analyzed by the Ethics
Committee on Animal Use (ECAU) of the referred university with approval

protocol: #070514 (Annex I).
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The obtainment of essential oil from Alpinia zerumbet

The essential oil of Alpinia zerumbet, was collected from green leaves and
extracted by steam distillation by Hebron. The Alpinia zerumbet plant is
cataloged In the Herbarium at the Federal University of Sergipe an dried
specimen was cataloged with the ASE code No. 08245. The dose was 0.05
ml/10kg diluted in saline solution with 100% concentrated. This bioproduct to
base of Essential Oil Alpinia zerumbet (EOAZz), that it were analyzed by
chromatographically and presented hydrocarbon monoterpenes (40.32%),
predominantly y-terpinene (11.63%) and p-cymene (5.85%); oxygenated
monoterpenes (50.94%), terpene-4-ol (23.23%) and 1,8 cineole (21.77%);
oxygenated sesquiterpenes (3.52%) and sesquiterpene hydrocarbons (2.8%)

[Article being evaluated in this journall.

Preparations of Pulmonary fibrosis in rats

The followed method induces PF by intra tracheal injections in surgical
procedure of BLM sulfate, at doses of 10 U / kg (Rossari 2004). The animals
were anesthetized with ketamine hydrochloride 10% (95 mg / kg) and xylazine
2% (12 mg / kg). The model suggested in the present study provides the
anesthesia procedure in animals as described above, followed by palpation and
the trachea instillation (needle 100U) BLM sulfate within the trachea 10 U / kg
doses. To have the access to the tracheal lumen needle was inclined to 10
grades and 0.7cm above the line drawn at the upper limit of the shoulders of the

mice.
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Experimental Groups
75 Wistar rats (Rattus norvegicus albinos) were used in both sexes, with
approximately 12 weeks of age and weighing 250 + 50 g, from the Bioterium of
the University Tiradentes. The animals remained in standard polypropylene
cages, grouped in number of 5, kept in a controlled environment, with light/dark
cycle of 12 hours with temperature (~ 22 °), receiving water and balanced food
ad libitum. The 75 animals were divided into 5 groups:
e Sham Group, only the induction process (n = 15);
e Vehicle treated with saline (n = 15);
e FC treated with BLM + saline (1 ml) (n = 15) Inhaled;
e Deflazacort group treated with BLM + deflazacort (DFZ) (1 mL / kg)
(n = 15) by gavage;
e Group EOAz, BLM+ submitted to inhalation therapy by EOAz (0.05
mL / 10 kg) (n = 15).

Subdivided in 3 times: 03, 14 and 28 days, respectively.

Pulmonary coefficient

On days 0, 03, 14 and 28, all mice were weighed to observe the weight
changes of mice in each group. Each time the mice were sacrificed and the
lungs were removed and weighed (Li et al. 2015). Pulmonary coefficient was
determined by the equation:

Pulmonary coefficient (PC) = Lung weight ratio (g) x 100%
Body weight (Kg)
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Histological procedures and morphological analysis

Serial 5 pm thick sections were obtained from the paraffin-embedded

samples and stained in hematoxylin-eosin. The intensity of the inflammatory

response was assessed as described in Table 1 (Souza et al. 2013).

Table 1. Description of the parameters for the histological evaluation of the

intensity of the inflammatory response in the areas of the wounds.

Score of the

inflammatory

Semi Quantification of

inflammatory

Classification of the

inflammatory

response response response

0 Absent Absent

1 Slight

2 Moderate Chronic (predominance
of lymphocytes and
histiocytes)

3 Intense

4 Intense Subacute (balance of
neutrophils,
lymphocytes and
histiocytes)

5 Intensa Acute (mainly

neutrophils)

Source: Adapted from Souza et al. (2013).
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Bronchoalveolar Lavage Fluid (BALF)

The BALF fluid was collected from the right lung. The trachea was
cannulated and left bronchus was sutured. Was instilled physiological saline
solution into the lumen of the right respiratory tract an endotracheal tube
attached to a 5 mL syringe, approximately 85% of the total rate fluid was
recovered. The cell-free supernatant was collected after centrifugation at 5000
rpm for 10 min at 4 ° C. Cell pellets were resuspended in 200 ul of physiological
saline solution. Total cell counts were performed by an automated device
(Sysmex Hematology™ XE-5000 -Laboratério of Biomedicine at the University
Tiradentes) and differential (Wright-Giemsa) were performed using

hemocytometer (Kurokawa et al. 2010).

Hematological parameters evaluation

Blood samples were taken after euthanasia of the animals which were
used in collecting tubes internally coated with ethylenediamine tetraacetic acid
(EDTA), thereby preventing coagulation of the sample. The hematological
parameters were evaluated differential count, such as eosinophils (%),
lymphocytes (%), neutrophils and monocytes (%).

Another collection was performed using blood serum after centrifugation at

3000 rpm for 4 min to measure the plasma concentration of TGF-1.
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TGF-B1 level measured by enzyme-linked immunosorbent assay
(ELISA)

The plasma concentration of TGF-3 1 was measured by ELISA kit (Life
Technologies) as described above and the procedure according to the

manufacturer's instructions (Chen et al. 2015).

PF grades by the Ashcroft scale

For quantitative histological analysis, a numerical fibrotic scale was used
"Ashcroft scale" (Ashcroft et al. 1988). Briefly, the degree of PF was scored on
a scale of 0-8, examining six randomly selected fields per sample at a

magnification of 400 x.

Morphological analysis of collagen

For pattern analysis of collagen formation, histological sections of 5 mm
thick were stained by immunohistochemistry technique of picrosirius and
analyzed under polarized light (Souza et al. 2013). For this descriptive analysis
of collagen formation pattern the following variables were analyzed:
birefringence (greenish or yellow-green to collagen type Il immature, and

orange or reddish to mature type | collagen).

Measurement of hydroxyproline of the pulmonary tissue
Content of Total lung collagen was determined by the dye binding method
MAKOO08-1KT Hydroxyproline Assay Kit (Sigma-Aldrich, representing north /
Brazil). The left lung tissues were cut and then added 10 mg Ehrlich solution 1

M dimethylaminobenzaldehyde in 70% propanol and 20% perchloric acid).
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After cooling to room temperature, the absorbance is measured at 560 nm in a
microplate reader (Thermo Plate reader tp) and the amount of hydroxyproline
was determined relative to a standard curve prepared using known
concentrations of hydroxyproline. Trans-4-hydroxy-L-proline (10 g / ml) was

used as a standard solution (Li et al. 2015).

Statistical analysis

Descriptive values are expressed as means and standard deviations. The
program GraphPad Prism 6.01 was used for all statistical analyses. Results are
expressed as the meanzSD. Statistical significance was determined for
comparison between different groups of the same cell, one-way ANOVA, and
Tukey’s test of quantitative measurement or Kruskal-Wallis, and Dun’s test of
guantitative measurement. Each time point was analyzed separately. Statistical

significance was determined when p was <0.05.

Results

Pulmonary coefficient

The EOAz Group is the one that most resembles Sham and Vehicle
groups at 3 and 14 days showing lower values, but no significant difference

between the Deflazacort and FC groups (Figures 1 and 2):
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Figure 1: Pulmonary coefficient obtained showed a significant difference just 28
days between groups (Sham and Vehicle vs. FC, * p <0.05; ANOVA ONE-WAY

with Tukey post test).
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Figure 2: Lung weight obtained showed a significant difference at 14 days
(Sham vs. SC, p <0.01), (FC vs. vehicle, p <0.01) (DFZ vs. Sham p <0.001)
(Vehicle DFZ vs. p <0.001), vs. DFZ EOAz, p <0.01). In 28 days it had
significant difference only of Sham and groups vs. Vehicle FC (p <0.001,

ANOVA ONE-WAY with Tukey post test).
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Histopathological Analysis

Histological examination of lung samples show classic PF induction by the
BLM. The Sham group performed with intact lumen, while the other groups had
compromised lumen. The inflammatory response was observed with the more
visible presence of pathological changes in the FC group with narrowing of the
alveolar spaces and filling them by inflammatory cells; followed by the DFZ and
EOAz group. The inflammatory cells present were macrophages, lymphocytes

and neutrophils (Figure 3).
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Figure 3: Histological sections stained with H.E, 3 days (400x magnification). A-
Sham Group: alveolar structure with septum and completed alveolar spaces
with the presence of type | and type Il pneumocytes and absence of
inflammatory cells; B- Vehicle Group: alveolar structure with septum and

completed alveolar spaces. Small increase in alveolar thick with rare presence
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of neutrophilic infiltrate; C- Fibrosis Control Group: obliteration of septum and
alveolar spaces with intense inflammatory infiltrate composed of neutrophils
and deposition of fibrotic mass; D- Deflazacort Group: narrowing of the alveolar
septa with neutrophilic infiltrate; E- EOAz Group: alveolar structure with septa
and alveolar spaces with small increased thickness and presence infiltrate

composed of neutrophils.
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Figure 4. After 03 days of treatment on acute phase, the average Macrophage
and Lymphocyte cells were predominant in both groups. FC groups and DFZ
vs. Sham, vehicle and EOAz; ONE-WAY ANOVA with Tukey post test; * p

<0.05; ** p <0.01; *** p <0.001.

BALF

A higher amount of total inflammatory cells at 3 and 14 days of treatment
in FC and DFZ groups compared to sham, vehicle and EOAz (p <0.001) were
observed; and decreased compared to the SC group (p <0.05) at 3 days of

treatment (Table 2 and 3). The EOAz group performed elevated just 14 days of
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treatment compared to sham and vehicle groups, but decreased compared to
control and DFZ groups (p <0.001).

Table 2 shows the differential leukocytes at time of 3 days of treatment.
Neutrophils were presented with high value in DFZ group (p <0.05) compared to
the sham group; in the control groups (p <0.05) and DFZ (p <0.001) when
compared to the vehicle group. Eosinophils were equal among all groups. The
lymphocytes were decreased significantly in the control group (p <0.001; p
<0.01) and DFZ (p <0.001) compared to Sham group, Vehicle and EOAz.
Monocytes in the vehicle group (p <0.05) appeared high in relation to Sham and

EOAz group. And basophils were found equal in their values.

Table 2. Average + Standard Deviation of the total count and differential leukocyte

bronchoalveolar lavage of rats induced to PF in three days.

Cells Sham Vehicle FC DFZ EOAz

Total 127+68,95° 292,7+167,3°  763,3+891,1"*°*  356,74200,1™*  296,7+174,4°
Leukocytes

Neutrophils ~ (46+0,5)*  (29,3+2,7)* (59,7+25,2)*" (71,7£16,4)"°%  (46,5+14,5)*"
Eosinophils  (0,1+0,2)? (0,6x1)? (0,10,2)* (0,0£0,0)* (0,0£0,0)
Lymphocytes (37,242,9)*  (36,1+13,7)>  (9,77)°** (5,4+5,9) Cx+ (37,6+14,9)%
Monocytes (6,9+1,5)% (23,7+13)>* (14,1+10,2)® (10,9+11,9)® (6,6+1,5)%
Basophils (9,6x1,0) (10,1%1,2)% (16,2+8,8)° (11,9+1,7)° (9,2+2,6)°

*p<0,05; **p<0,01; **p<0,001. Anova One Way.
p Y

Table 3 shows the differential leukocytes time of 14 days of treatment.
Neutrophils were presented with decreased value in the vehicle group (p <0.05)
compared to the sham group; and similar to time of three days of elevated
treatment in the control group (p <0.05; p <0.001) and DFZ (p <0.01; p <0.001;
p <0.05) compared to Sham group, Vehicle and EOAz. Eosinophils in DFZ

group (p <0.05) showed higher values when compared to the sham and control
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groups. Lymphocytes, as well as three days of treatment, were also decreased
significantly in the control groups (p <0.001) and DFZ (p <0.001; p <0.05)

compared to Sham group, Vehicle and EOAz. Monocytes also remained high in
Vehicle group (p <0.05) when compared to Sham group and now also the DFZ

group. Basophils remained similar in both groups.

Table 3. Average + Standard Deviation of the total count and differential leukocyte

bronchoalveolar lavage of rats induced to PF in 14 days.

Cells Sham Vehicle FC DFz EOAz

Total 127+68,95°  292,7+167,3%  760+458,1°°**  746,7+231,6°%**  673,3+148,7%*
Leukocytes

Neutrophils (4620,5)° (29,3£2,7)"*  (64%4,9)* (67,4+18)°%* (48+6,2)"
Eosinophils  (0,1%0,2)% (0,61,1)® (1£1,7)% (3,24)"* (2+1)®
Lymphocytes  (37,27+2,9)% (36,1+13,7)°  (15,6%3,7) "+ (9,3+7,3)7 %% (27,7£114,2)®
Monocytes (6,9+1,5)* (23,7#13)°*  (10,8+7,9)%° (8,3x7,7)® (12,4+8,4)%°
Basophils (9,6+1)% (10,1+1,2)° (9,3+1,4)° (11,745,1)* (9,8+0,9)

*p<0,05; **p<0,01; **p<0,001. Anova One Way.

And Table 4, on 28 days of treatment, the differential leukocytes remained
similar to previous treatments. Neutrophils showed high values similar to the
times of 3 and 14 days of treatment in the control group (p <0.05) compared to
vehicle group. Eosinophils proved to be equal among the groups. Lymphocytes,
unlike the times 3 and14 days of treatment, failed to perform high in DFZ and
control groups (p <0.01, p <0.001) compared to Sham and vehicle groups, and
DFZ compared to EOAz (p <0.05) to present reduced (p <0.05) compared to
EOAZz group, while the EOAz was equal to Sham group and vehicle groups.
DFZ. Monocytes, as well as at 3 and 14 days of treatment, also remained high

in Vehicle group (p <0.05) compared to Sham group and DFZ.
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Table 4. Average total score = Standard Deviation of total and differential count of

leukocytes in bronchoalveolar lavage in rats induced to pulmonary fibrosis within 28

days.
Cells Sham Vehicle FC DFz EOAz
Total 127+68,95%  292,7+167,3% 573,3+194,8°**  430+325,8%° 313,3+201,1%*
Leukocytes
Neutrophils (46+0,6)™ (29,3+3,1)% (59,5+ 3,5)™* (44,9+35,1)® (38,5+24,4)
Eosinophils (0,1+0,2)* (0,6+1,1)% (1+1,7)% (0,4+0,6)* (0,61,1)*
Lymphocytes  (37,2+32)®  (36,1+15,4)® (21,44 5,4)* (21,1#15,8)* (46+25,7)®
Monocytes (6,9+1,7)% (23,7+14,5)°*  (9,73%4,6)™° (22,4+16,5)%  (5,4+2,6)*
Basophils (9,6+1,1) (10,1%1,4)% (8,3%3,5) (11,1%4,7)% (9,242,8)%

*p<0,05; **p<0,01; **p<0,001. Anova One Way.

Evaluation of Hematologic Parameters

The bloods were collected at the end of each treatment period to be
analyzed and compared between groups. There was an increase of
inflammatory cells in groups PF induced by BLM in comparison to the Sham
and the Vehicle groups which were not induced. There was a significant
difference between the groups only in neutrophils and lymphocytes in 14 and 28
days (Table 5).

In 14 days (Table 5) of treatment the neutrophils in the control group were
decreased compared to Sham group, Vehicle and DFZ (p <0.05). The
lymphocytes had decreased in the DFZ and EOAz groups (p <0.05) compared
to Sham group, Vehicle and Control; and increased in vehicle and control
groups (p <0.05) compared to Sham group, DFZ and EOAz.

As early as 28 days (Table 5) the neutrophils in control and DFZ groups
were elevated (p <0.05; p <0.01) compared to Sham group, Vehicle and EOAz;
and decreased in EOAz and vehicle group (p <0.05) compared to Sham group,
control and DFZ. The amounts of lymphocytes were all different from each other

and except compared to the sham group; the DFZ group (p <0.001) had the
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lowest values, followed by the control group (p <0.01) compared to the other
groups; and the vehicle group (p <0.05), followed even with higher values, the

EOAz group (p <0.01) had higher values than the other groups.

Table 5. Average + Standard Deviation of Hematologic parameters of rats induced to

Pulmonary Fibrosis in 28 days.

Differential leukocytes count on bleomycin-induced pulmonary fibrosis in rats

Neutrophils Sham Vehicle FC DFZ EOAz

3 dias 44,2+2 86% 37,2+10,43% 49,8+15,35% 57,8+10,47% 41,8+11,88%
14 dias 44,242 86%  37,2+10,43% 34,2+7,15%* 49+10,7% 51,6+8,73%*
28 dias 44,242 86°  37,2+10,43"* 50,6+11,59%* 54,2+6,53%%* 31,6+10,06"*
Eosinophils Sham Vehicle FC DFz EOAz

3 dias 0,8+1,3° 1,2+1,3% 2,2+1,92° 0,6+0,89% 1+1°2

14 dias 0,8+1,3% 1,2+1,3% 1#1% 1,2+1,3% 1+0,7%

28 dias 0,8+1,3° 1,2+1,3% 1,2+0,83" 1,6+1,67% 1,6+1,6%
Lymphocytes ~ Sham Vehicle FC DFz EOAz

3 dias 50,4+4,33% 56,6+9,23% 42.8+11,43% 37+8,6% 45+15,36%
14 dias 50,4+4,33%  56,6+9,23"* 57+7,51°* 42,4+9,8°* 40,4+6,69°*
28 dias 50,4+4,33%  56,6+9,23" 42,6+12,86°** 37,445 27+ 64,248,025+
Monocytes Sham Vehicle FC DFz EOAz

3 dias 5+2,55% 5+2,82°% 5,4+2 51°% 4,2+3% 5,6+1,67%

14 dias 5+2 552 5+2,82% 7,6+1,81% 744,32 743,397

28 dias 5+2,55% 5+2,82°% 4,8+2,04° 6,4+4,98% 2,8+1,09%

*p<0,05; **p<0,01; **p<0,001. Anova One Way.

TGF-B1 level measured by enzyme-linked immunosorbent assay
(ELISA)

The guantification of the cytokine TNF-B1 in 3 days of treatment, it was
increased in FC group compared to the Sham group, Vehicle and EOAz. The
DFZ group was also found elevated compared to Sham and vehicle groups. In
14 days all experimental groups were found high in relation to Sham and
vehicle groups. And in 28 days the FC group was still elevated compared to
Sham and vehicle groups, though the DFZ and EOAz groups were found

elevated only in relation to the Sham group (Figure 5).
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Figure 5: Quantification of TGF -B1 in FP bleomycin-induced in rats. TGF-f31
levels were measured by enzyme-linked immunosorbent assay (ELISA). Sham
and Vehicle (p <0.0001) Fibrosis control; Fibrosis control (p <0.001); Sham
Vehicle and Fibrosis control (p <0.05) deflazacort and Fibrosis control (p
<0.001) Essential Oil Alpinia zerumbet in 3 days; And Sham Vehicle (p
<0.0001) Fibrosis control; Essential Oil Alpinia zerumbet (p <0.001) Sham;
Deflazacort (p <0.001) Vehicle; Essential Oil Alpinia zerumbet (p <0.01) Vehicle
after 14 days. Fibrosis control (p <0.001) Sham; Sham (p <0.05) and
deflazacort and Essential Oil Alpinia zerumbet and Fibrosis control (p <0.01)

Vehicle after 28 days.

PF grades by the Ashcroft score

The morphology of the pulmonary tissue demonstrated that in 14 days it
presented PF if compared to Sham group and vehicle. The FC group was the
group with the highest degree of pulmonary fibrosis (3.8 £ 1.3; p <0.001).
However, the EOAz group despite having PF (2.6 £ 1.1; p <0.01), this was
lower than in the group FC. With in 28 days of treatment the FC group

increased their degree of fibrosis (4.7 £ 1.1; p <0.001) and the DFZ groups
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(4.48 £ 0.87; p <0.001) and EOAz (3.4 £ 1.1, p <0.001) also showed the same
behavior. However, EOAz group showed lower fibrosis in relation to DFZ

groups (p <0.05) and FC (p <0.01) (Figure 6).
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Figure 6: Grades of Fibrosis by the Ashcroft score (14 and 28 days). In 14 days
there was a significant difference between the groups (Sham and Vehicle vs.
Fibrosis control, Deflazacort and Essential Oil Alpinia zerumbet); (FC vs EOAz
p <0.01). In 28 days (Essential Oil Alpinia zerumbet vs. Fibrosis control, p

<0.01); (Deflazacort vs. Essential Oil Alpinia zerumbet, p <0.05).

Qualitative analysis of pattern formation of collagen (Picrosirius)
The Picrosirius staining was performed for the qualitative determination of
collagen type I and Ill between groups. The sham group showed a normal
distribution of collagen around the alveoli.
From groups PF induced by BLM in 14 days of treatment, the most intense
collagen deposition was in groups FC and DFZ with moderate deposition for

collagen type I and Ill; and scarce deposition of collagen type | and Ill to EOAz
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group. The Sham & Vehicles groups showed scarcity in type | collagen (Figure

7).

Figure 7: Histological sections stained with Picrossirius, 14 days (100x
magnification). A- Sham Group; B- Vehicle Group; C- Fibrosis Control Group;
D- Deflazacort Group; E- EOAz Group. Small amount of collagen in all groups

being more present in Fibrosis Group Control group followed by Deflazacort.
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For the groups treated within 28 days it was found that the FC group
deposition of collagen type | and IIl was intense; in DFZ group showed
moderate deposition of collagen type | and Ill; and EOAz group deposition was

scarce for type | collagen (Figure 8).

Figure 8: Histological sections stained with Picrosirius 28 days (100x
magnification). A- Sham Group: Small Quantity of normal collagen; B- Vehicle
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Group : Small Quantity of normal collagen; C- Fibrosis Control Group :
excessive collagen deposition (yellow-green birefringence and reddish yellow)
in abnormal fibrotic tissue ; D- Deflazacort Group : Collagen deposition
Moderate of abnormal fibrous tissue; E- EOAz Group : Small collagen

deposition in fibrotic tissue.

Collagen accumulation in the lungs of mice with bleomycin-induced
PF (hydroxyproline)

To quantify the collagen deposition in all groups and times it was
performed hydroxyproline analysis. In 3 days of treatment the group FC
performed with higher quantitative of hydroxyproline (p <0.05) followed by DFZ
(p <0.05) compared to the sham group. In 14 days of treatment the FC group
still remains with greater quantitative of hydroxyproline (p <0.001; p <0.05)
compared to Sham group, Vehicle and EOAz. The DFZ group had higher
guantitative of hydroxyproline compared to the sham group. And the EOAz
performed equal to the Sham and vehicle groups and different to FC group (p
<0.05). However, in 30 days of treatment, FC groups (p <0.001) and DFZ (p
<0.01) values were still high in relation to the Sham group; and the SC group (p

<0.01) compared to vehicle group (Figure 9).
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Figure 9: Analysis of hydroxyproline in pulmonary fibrosis induced by
bleomycin in mice. In 3 days (Sham vs. SC, p <0.05); (FC vs. vehicle p <0.05);
In 14 days (Sham vs. FC, p <0.001); (DFZ vs. Sham p <0.05); (EOAz vs. SC, p
<0.05); In 28 days (Sham vs. FC, p <0.001); (Sham vs DFZ, p <0.01) and (FC

vs. vehicle, p <0.01).

Discussion

This study analyzed the inflammatory and restorative response of PF. It
was used BLM, which is an anti-neoplastic drug for inducing the animals to PF.

After 24h of BLM administration, there is an increase of the number of
neutrophils. In about seven days, the infiltration of lymphocytes starts, which
continue until the eleventh day. The fibrotic response becomes detectable in the
tissues for 11 days, persisting for at least twenty days (Matute-Bello et al.
2008).

In this study it was realized nebulization to therapy of EOAz therefore it
has been seen that the time of absorption of 1.8 cineole by inhalation therapy is

found in the bloodstream after 15 minutes (Jager et al. 1996). The EOAz may
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have acted on the attenuation of PF through the reduction of the inflammatory
response, therefore, in treating of mice at 03 days it showed lower intensity
inflammation in the histology (HE) compared to the group treated with DFZ and
FC groups.

This is probably due to the fact that the active principles terpene-4-ol and
1.8 cineol have potential anti-inflammatory action (Santos et al. 2011). The
principle active 1,8-cineole provided anti-inflammatory effect, mucolytic airway
suitable for long-term treatment of airway inflammation in asthma and other
corticosteroid responsive injury (Juergens et al. 2003).

Furthermore, neutrophilic inflammation responds poorly to treatment with
corticosteroids (Gibson et al. 2001). So it was observed in this study, when
performed blood smear within 28 days a significant increase in neutrophils from
FC and DFZ groups. The BALF also showed similar results other inflammatory
responses analyzed, since presented leukocyte differentials with acute
neutrophilic inflammation, subacute and chronic in FC group; acute and
subacute in DFZ group.

Macrophages and lymphocytes represent cells most found in lung tissue
damage in the acute phase (Todd et al. 2013). Rossari (2004) reports
macrophages as predominant cells on the pulmonary fibrosis. This was also
seen in this study because in the induced groups there is an increased amount
of macrophages and lymphocytes in histopathological analysis in HE compared
to other cells (neutrophils, monocytes and eosinophils) and non-induced groups
(Sham and vehicle) to PF.

In studies with essential oil of Melaleuca alternifolia, where the main

component is terpene-4-ol, there was modulation of macrophages by the action
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of proinflammatory cytokines resulting in toll-like receptor activation 2 (TLR2)
and toll-like receptor 4 (TLR4) (Nogueira et al. 2014). These findings may be
reinforced by Jager et al. (1996) when demonstrated the 1,8 cineole with an
inhibitory effect of interleukin 1, 4 and 5. Kim et al. (2015) reported the anti-
inflammatory action of terpene-4-ol by suppression of TNF-q, IL-1b, IL-8, IL-10,
and the prostaglandin-2 production (PGE2) production by monocytes activated
by lipoproteins.

Another inflammatory action duct it would be the activation of TGF-1 by
the Smad signaling pathway protein expression. The increased presence of the
protein expression of Smad 2 and 3 of TGF-B1 is shown dependently the
increase of extracellular Ca2 + channels or increase in the expression of ion
channels KCa3.1 (Roach et al. 2015). This study used EOAz which features in
its constitution the terpene-4-ol. According Santos et al. (2011) the oil has ability
to modulate calcium channel L-type Ca2 + by expressed CaV1.2 (Alc) or
CaV1.3. Possibly the results of EOAz group in the acute phase of treatment
inhibiting TGF-B1 justified by present values equal to the Sham group and
different group Vehicle FC. This answer probably cause proinflammatory
attenuation in the early days of inflame mation.

Still in relation to TGF-B1, it can influence the differentiation of fibroblasts
into myofibroblasts when there is an increase of extracellular Ca2 + or
increasing the expression of ion channels KCa3.1 inducing the expression of
Smad 2 and 3. The increased expression will enable production fibrosis (Roach
et al. 2015). The inability to regulate this process results in excess production of

extracellular matrix and the accumulation in lung tissue (Kurokawa et al. 2010).
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In the current study there was an relative increase of lungs weight and
lung index mice with BLM induced within 14 days group in FC and DFZ groups
when compared to mice EOAz group and Sham and Vehicle. This may be due
to excessive deposition of collagen as a result of fibrosis (Li et al. 2015). This
excessive deposition of collagen is a feature in which PF is reported by several
authors (Chen et al. 2015).

Epithelial changes associated with abnormal wound healing have an
important role in establishing the PF (Selman et al. 2001). These findings are
confirmed by the analysis of Ashcroft scale and the Picrosirius staining.

In reading Ashcroft scale the degree of PF was higher in the FC group,
while lower in EOAz group in subacute treatment. On the other hand, in chronic
treatment the results showed an increase of the degree of fibrosis; however, the
EOAz group was less fibrotic relative to FC and DFZ group.

In Picrosirius staining the FC and DFZ groups showed moderate to
intense deposition of collagen; while in EOAz group that deposit was during all
the time in low collagen deposition.

This result in the production of fibrosis was also observed in the analysis
of hydroxyproline, since the FC group has elevated levels of hydroxyproline
from acute phase to chronic. As the DFZ group showed high levels of
hydroxyproline in the sub-acute and chronic. The EOAz group showed
significantly lower levels compared to the FC group in 14 days, most active time
of hydroxyproline to fibrosis induction. Thus, it was observed in this study that
there were higher levels of degrees of fibrosis, collagen deposition and
Hydroxyproline in FC and DFZ groups compared to the group treated with

EOAz.
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Conclusion

This study demonstrates that EOAz improves the inflammation of the PF
with regenerative potential effect possibly be concluded by the anti-
inflammatory action, inhibitory action of beta Transforming growth factor
synthesis (TGF-B1) and decreased collagen.

From these results it can lead new prospects of EOAz as a therapeutic

target in fibro-proliferative lung diseases.
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8 CONCLUSAO GERAL

e Com o novo método foi possivel verificar a possibilidade de inducao de FP
sem necessidade de cirurgia para acesso da traqueia, seguido de instilacdo
de bleomicina. Assim, diminui-se 0s riscos de morte em procedimento
invasivo de dificil execu¢cdo em menor tempo comparado as administracdes

intratraqueais cirargicas mais utilizadas.

e Valores médios expressivamente menores de células inflamatérias
observados no grupo OEAz, séo indicios sugestivos da agédo protetora do
Oleo contra a agressdo pulmonar induzida pela injecdo intratraqueal da

bleomicina.

e A area de intersticio septal do grupo OEAz apresentou-se com lesdes menos
intensas pela provavel diminuicdo do tecido fibroso, menor deposicdo de
colageno e maior equilibrio na remodelagédo da matriz extracelular. Uma vez
gue a hidroxiprolina produzida no grupo OEAz foi igual ao grupo Sham nos

trés tempos de tratamento.

e Houve diminui¢do da citocina TGF-B; na fase aguda no grupo OEAz, menor
deposicdo de colageno (hidroxiprolina) na fase subaguda e menor grau de
fibrose na fase crbnica. Isso evidencia que o OEAz apresentou agdo em

todas as fases da inflamacgéo.

e A partir desses resultados pode-se abrir novas perspectivas do OEAz como

um alvo terapéutico em doengas pulmonares fibro-proliferativas.
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10 ANEXO II

GRAPHICAL ABSTRACT -

“New method of pulmonary fibrosis induced by bleomycin in
mice”.
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11 ANEXO 1lI

GRAPHICAL ABSTRACT -

“Essential oil of Alpinia zerumbet partially reverts the
bleomycin-induced pulmonary fibrosis in murine model”.
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12 ANEXO IV

NORMAS DA REVISTA

PORTUGUESE JOURNAL OF PULMONOLOGY

Prepare your paper

YOUR MANUSCRIPT

Title

The title is the main advertisement for your article. A great title entices the audience to

read on; a poorly-titled article may never reach its target readers.

Your article’s title should reflect its content clearly, enabling readers to decide whether
it's relevant for them. Make the title catchy and keep it specific. Leave out phrases such
as ‘a study of’, ‘investigations into, ‘observations on’; and avoid using abbreviations and

jargon.

Remember, too, that abstracting and indexing services depend on accurate titles; they

extract keywords from them for cross-referencing.

Essentially, effective titles:

« identify the article’s main issue

* begin with the article’s subject matter

* are accurate, unambiguous, specific and (when possible) complete
* are as short as possible

* are enticing and interesting; they make people want to read further

Authors

Only authors who’'ve made an intellectual contribution to the research should be
credited; those who'll take responsibility for the data and conclusions, and who've
approved the final manuscript. The order of credited names can vary between

disciplines; the corresponding author may not always be the first author.
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Keyword list

Most journals request a list of keywords; important words that, along with those in the
title, capture the research effectively. Keywords are used by abstracting and indexing
services; choosing the right ones can increase the chances of your article being found
by other researchers. Many Elsevier journals also ask for a subject classification during
the online submission process; this helps editors to select reviewers.

Abstract

The abstract is your chance to describe your research in 200 words — so use it wisely.
Together, the title and abstract should be able to fully represent your article, including
for use by indexing services. Many authors write the abstract last, so it reflects the
content accurately.

The abstract should summarize the problem or objective of your research, and its
method, results, and conclusions. Usually an abstract doesn’t include references,
figures or tables. It should mention each significant section of the article, with enough
detail for readers to decide whether or not to read the whole paper. While it's great to
make the abstract interesting, above all it should be accurate. Don’t promise more than

your article delivers.

The body of the text

Make the introduction brief. It should provide context and background, but not be a
history lesson. It should state the problem being investigated, its contextual
background, and the reasons for conducting the research. State the questions you're
answering and explain any findings of others that you’re challenging or furthering.
Briefly and logically lead the reader to your hypotheses, research questions, and

experimental design or method.

Method

(also called Materials and Methods or Experimental Methods)

This section should be detailed enough that readers can replicate your research, and
assess whether the methods justify the conclusions. It’s advisable to use the past tense

— it's about what you did — and avoid using the first person, although this will vary from
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journal to journal. Ultimately, you should explain how you studied the problem, identify

the procedures you followed, and structure this information as logically as possible.

If your methods are new, you'll need to explain them in detail. If they’ve been published
before, cite the original work, including your amendments if you’ve made modifications.
Identify the equipment and the materials you used, specifying their source. State the
frequency of observations and what types of data were recorded. Give precise
measurements, stating their strengths and weaknesses when necessary. Name any

statistical tests, so your quantitative results can be judged.

If your research involved human participants, animals, stem cells or other biohazard
materials, you'll need to include certain information in the ethics statement, such as
committee approvals and permission to publish. You should also explain your criteria

for selecting participants.

Results

This section should present your findings objectively, explaining them largely in text. It's
where you show how your results contribute to the body of scientific knowledge, so be
clear and logical. And it's important not to interpret your results — that comes in the

Discussion & Conclusions section.

You can base the sequence of this text on the tables, figures and graphs that best
present your findings. Emphasize any significant findings clearly. Tables and figures
must be numbered separately; figures should have a brief but complete description — a

legend — that reveals how the data was produced.

Discussion & Conclusions

This is where you describe the meaning of your results, especially in the context of
what was already known about the subject. You can presente general and specific
conclusions, but take care not to summarize your article — that's what the abstract is

for.

You should link this section back to the introduction, referring to your questions or

hypotheses, and cover how the results relate to your expectations and cited sources.
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Do the results support or contradict existing theories? Are there any limitations? You

can also suggest further experiments, uses and extensions.

Above all, the discussion should explain how your research has moved the body of
scientific knowledge forward. Your conclusions must be supportable and not extend
beyond your results, so avoid undue speculation and bold judgments about impact.
This is also a good place to suggest practical applications for your results, and to
outline what the next steps in your research will be.

To summarize, make sure that:

* your results directly support your conclusions

» you use specific expressions and quantitative descriptions — ‘12 degrees higher’
instead of ‘a higher temperature’

« you only discuss what you defined early in the paper — don’t introduce the reader to a
whole new vocabulary. If you missed an important term, go back to the introduction and
insert it

« all interpretations and speculations are based on fact, not imagination

Acknowledgments

Keep acknowledgements brief, naming those who helped with your research;
contributors, or suppliers who provided free materials. You should also disclose any
financial or other substantive conflict of interest that could be seen to influence your

results or interpretations.

References

New research builds on previously published work, which should always be
acknowledged. Any information that isn’t ‘common knowledge’, or generated by your
experiments, must be recognized with a citation; and quoted text should be within
guotation marks, and include a reference. The format of citations and references

varies, so you should refer to the Guide for Authors for the journal you're submitting to.
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13 ANEXO V

NORMAS DA REVISTA

PHYTOMEDICINE

Types of manuscript

Original papers

Articles should not exceed 12-15 typewritten pages or up to 5,000 words, including
references, tables and figures. Previously reported methods should be referenced only.
The number of references should not exceed 30 (except for review articles or reports

on microarray data).

Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: please provide an image with a minimum of
531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a
size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF,
EPS, PDF or MS Office files. See https://www.elsevier.com/graphicalabstracts for
examples. Authors can make use of Elsevier's Illustration and Enhancement service to
ensure the best presentation of their images also in accordance with all technical

requirements: lllustration Service.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American

spelling and avoiding general and plural terms and multiple concepts (avoid, for

example, 'and, 'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing

purposes.
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Abbreviations

A section of abbreviations should precede the manuscript. Define abbreviations that
are not standard in this field in a footnote to be placed on the first page of the article.
Abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the footnote. Ensure consistency of abbreviations throughout the
article. See "Uniform requirements for manuscripts submitted to biomedical journals”
(1991) New England Journal of Medicine 324:424—-428.

Pagination and line numbers

Only manuscripts with page and line numbers will be reviewed.

Introduction

Provide an adequate background, avoiding a detailed literature survey or a summary of
the results. State the objectives of the work. No results of the study should be
described in this section.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.
This section should contain some subsections common for almost all studies: Plant
names and parts used (requirements see above) Study medication, herbal extracts
(requirements see above) Chemical compounds (requirements see above) Statistical
analysis (requirements see above) Assays (requirements see above) Animal studies
(requirements see above) Study design (requirements see above).

Results

Results should be clear and concise.
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Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion

section.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).

Units

Follow internationally accepted rules and conventions: use the international system of

units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if

referred to explicitly in the text).
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Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may be
used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

References

Citation in text Please ensure that every reference cited in the text is also present in
the reference list (and vice versa). Any references cited in the abstract must be given in
full. Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and should
include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has

been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the

DOl is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in

the reference list.
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References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Most Elsevier journals have a standard template available in key reference
management packages. This covers packages using the Citation Style Language, such
as Mendeley (http://mww.mendeley.com/features/reference-manager) and also others
like EndNote (http:// www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/ rmstyles.asp). Using plug-ins to word processing packages
which are available from the above sites, authors only need to select the appropriate
journal template when preparing their article and the list of references and citations to
these will be formatted according to the journal style as described in this Guide. The
process of including templates in these packages is constantly ongoing. If the journal
you are looking for does not have a template available yet, please see the list of
sample references and citations provided in this Guide to help you format these

according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the
reference style for this journal by clicking the link below: http://open.mendeley.com/use-
citation-style/phytomedicine When preparing your manuscript, you will then be able to
select this style using the Mendeley plugins for Microsoft Word or LibreOffice. For more
information about the Citation Style Language, visit http://citationstyles.org.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al.'" and the year of
publication. Citations may be made directly (or parenthetically). Groups of references
should be listed first alphabetically, then chronologically. Examples: 'as demonstrated
(Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. (2010) have recently

shown ....'

List: References should be arranged first alphabetically and then further sorted

chronologically if necessary. More than one reference from the same author(s) in the
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same year must be identified by the letters 'a’, 'b', 'c', etc., placed after the year of

publication. Examples:

Reference to a journal publication:
Wagner., H., Ulrich-Merzenich, G., 2009. Synergy research: Approaching a new
generation of phytopharmaceuticals. Phytomedicine 16, 97-110.

Reference to conference proceedings:

Argyropoulos D, Kudadam J, Miller J, 2009. Color degradation of lemon balm (Melissa
officinalis L.) as affected by the drying process. In: 5th International Technical
Symposium on Food Processing, Monitoring Technology in Bioprocesses and Food

Quality Management, Potsdam, Germany, August 31— September 2, pp. 730-736.

Willcox, M.L., Graz, B., Falquet, J., Diakite, C., Giani, S., Diallo, D., 2011. A "reverse
pharmacology" approach for developing an anti-malarial phytomedicine. Malaria J. 10
(Suppl. 1), S8.

Reference to a book:
Cramer, J.A., Spilker, B., 1998. Quality of Life and Pharmacoeconomics. An

Introduction. LippincottRaven, Philadelphia.

Reference to a chapter in an edited book:

Cragg, G.M., Boyd, M., 1996. Drug discovery and development at the National Cancer
Institute: the role of natural products of plant origin. In: Balick, M.J., Elisabetsky, E.,
Laird, S.A. (Eds.), Medicinal Plan Resources of the Tropical Forest. Columbia

University Press, New York, pp. 101-136.

Journal abbreviations source Journal names should be abbreviated according to the
List of Title Word Abbreviations: http://www.issn.org/services/online-services/access-to-
the-ltwa/.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae

and equations in appendices should be given separate numbering: Eq. (A.1), Eqg. (A.2),
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etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures:
Table A.1; Fig. A.1, etc.

Video data

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring to
the video or animation content and noting in the body text where it should be placed.
All submitted files should be properly labeled so that they directly relate to the video
file's content. In order to ensure that your video or animation material is directly usable,
please provide the files in one of our recommended file formats with a preferred
maximum size of 150 MB. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages @ at
https://www.elsevier.com/artworkinstructions. Note: since video and animation cannot
be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown
next to the online article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers understand what the
paper is about. More information and examples are available at
https://www.elsevier.com/audioslides. Authors of this journal will automatically receive
an invitation e-mail to create an AudioSlides presentation after acceptance of their

paper.
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Supplementary material

Supplementary material can support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Please note that such items are published online exactly as they are submitted; there is
no typesetting involved (supplementary data supplied as an Excel file or as a
PowerPoint slide will appear as such online). Please submit the material together with
the article and supply a concise and descriptive caption for each file. If you wish to
make any changes to supplementary data during any stage of the process, then please
make sure to provide an updated file, and do not annotate any corrections on a
previous version. Please also make sure to switch off the "Track Changes' option in any
Microsoft Office files as these will appear in the published supplementary file(s). For
more detailed instructions please visit our artwork instruction pages at

https://www.elsevier.com/artworkinstructions.

Data deposit and linking

Elsevier encourages and supports authors to share raw data sets underpinning their
research publication where appropriate and enables interlinking of articles and data.
Please visit https://www.elsevier.com/about/research-data for more information on

depositing, sharing and using research data.

Ensure that the following items are present:
1. One author has been designated as the corresponding author with contact

details: Full postal address E-mail address Tel / fax number

2. All necessary files have been uploaded separately Author Agreement Cover
letter Manuscript Tables Figures Graphical Abstract (mandatory)

Supplementary material (if needed)

3. Correct order within the manuscript: Title Page (Heading, Author names (the
superscripts behind the names which indicates the Institutes/affiliation of the
authors have to be a,b,c,.... and * for the corresponding author in addition),
Institutes/affiliation, Corresponding Author with full address, Word count)

Abstract: has to be structured into Background, Hypothesis/Purpose, Study
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Figure legends Page and line numbers throughout the manuscript

4. References about 30 (have to be numbered) References are in the correct
format for this journal References in alphabetical order All references mentioned
in the Reference list are cited in the text, and vice versa Citation according to

our journal style

5. Choose the correct section for your article

6. Further considerations Manuscript has been 'spell-checked' and 'grammar-
checked' Permission has been obtained for use of copyrighted material from other
sources (including the Internet) Printed version of figures (if applicable) in color or
black-and-white Indicate clearly whether or not color or black-and-white in print is
required. For reproduction in black-and-white, please supply blackand-white
versions of the figures for printing purposes. For any further information please visit

our customer support site at http://support.elsevier.com.
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