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Resumo

Relevancia etnofarmacoldgica - O Nasturtium officinale R. Br. (Brassicaceae),
conhecido como “agridao d’agua”, € uma planta herbacea amplamente consumida
como alimento por diversas culturas. Além disso, € usada na medicina popular para
tratar asma, bronquite e hipertenséo, dentre outras doencas. Comunidades rurais
italianas tém usado o N. officinale como adjuvante na cura de estomatite bovina,

sem qualquer comprovacao cientifica que suporte seu uso para tal finalidade.

Objetivo do estudo - Este estudo avaliou a eficacia do N. officinale como adjuvante

na cicatrizagéo de Ulceras traumaticas em dorsos de linguas de ratos.

Material e Métodos - Em quatro pares de grupos controle-experimental (oito
animais por grupo), foram induzidas lesées com punch de 0,5mm nas linguas,
mimetizando Ulceras traumaticas. Os ratos dos grupos controle receberam
diariamente solucéo salina sobre as lesdes. Os animais dos grupos experimentais
receberam solucdo oral (15% de extrato de N. officinale) sobre as ulceras. Os
animais foram mortos com 2, 7, 14 e 21 dias apos a inducdo das lesdes, as quais
foram avaliadas qualitativamente pela coloracdo de Hematoxilina-Eosina e

guantitativamente pela coloracdo de Picrosirius sob luz polarizada.

Resultados - Foi verificada maior deposicdo de colageno total, imaturo e maduro
Nnos grupos experimentais que nos controles apds 14 e 21 dias, com significancia

estatistica de p<0,05.
Concluséo - Os resultados mostraram que uma solucdo contendo 15% de extrato
de N. officinale acelera a cicatrizacéo de Ulceras traumaticas em dorso de lingua de

ratos com maior deposicao de colageno.

Palavras-chave: Nasturtium officinale; Ulcera; Cicatrizacdo de feridas; Colageno.



Abstract

Ethnopharmacological relevance - Nasturtium officinale R.Br. (Brassicaceae),
known as “watercress”, is an herbal plant widely consumed as food by many cultures.
Along with this, it is used in folk medicine to treat asthma, bronchitis and
hypertension, among others. Rural Italian communities have been used N. officinale
as adjuvant to cure bovine stomatitis without any scientific comprobation that
supports its use for such end.

Aim of the study - This study evaluated the efficacy of N. officinale as adjuvant on

the healing of traumatic ulcers on rat tongue dorsum.

Materials and Methods - In four control-experiment group-pairs (eight animals per
group) there were punch induced 0.5 mm lesions on tongue dorsum, to mimic
traumatic ulcers. Rats from control groups received saline solution onto lesions daily.
Animals from experimental groups received oral solution containing 15% N. officinale
extract onto lesions. Animals were killed at 2, 7, 14, and 21 days after lesion
induction. Lesions were qualitatively evaluated by hematoxilin-eosine stain, and

guantitatively, by picrosirius red stain under polarized light.

Results - There were observed higher deposits of total, immature and mature

collagen in experimental groups than respective controls after 14 and 21 days.

Conclusion - Results revealed that a solution containing 15% N. officinale extract

anticipate wound healing on rats tongue dorsum with higher collagen deposits.

Keywords: Nasturtium officinale; Ulcer; Wound healing; Collagen
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1. Artigo em Portugués



1. Introducgéo

As lesbes mais comuns da cavidade bucal sdo as Ulceras traumaticas. A
perda do epitélio e a exposicdo do tecido conjuntivo subjacente caracterizam essas
lesGes, causando dor e desconforto (Martinez et al., 2002; Rioboo et al., 2005).
Empiricamente, diferentes grupos populacionais utilizam extratos de plantas como
auxiliares do processo de cicatrizacdo de Ulceras traumaticas (Fonseca et al., 2011;
Kosger et al., 2009; Vilela et al., 2008).

Na busca por fitoterdpicos de baixo custo e de facil acesso, que possam
induzir ou melhorar o processo de reparo, nosso grupo verificou que o Nasturtium
officinale (nom. comum. “agrido d’agua”) vem sendo empregado ha muito por
comunidades rurais italianas com finalidades veterinarias no tratamento de
estomatites (Bullita et al., 2007; Viegi et al., 2003). Além disso, o N. officinalle
mostrou potencial terapéutico no reparo de Ulceras em pele de coelhos induzidas
guimicamente ou por calor (Abu-Zinadah, 2008).

O N. officinale € uma planta medicinal herbacea e perene, pertencente a
familia das Cruciferas (Brassicaceae), encontrada em diversos paises e
comercializada na forma de planta fresca. E consumido cru em saladas, e cozido,
em sopas. Além de seu uso como alimento, também é empregado na medicina
popular de diversos paises como expectorante, hipoglicemiante, estimulante
estomacal e anti-hipertensivo (Bahamikia e Yazdanparast, 2008; Halberstein, 2005).
E indicado, ainda, para tratamento de diabetes, bronquite, tuberculose, asma e
escorbuto (Ozen, 2009).

A despeito de sua importancia etnobotanica, etnoveterinaria e da facilidade de
obtencédo do N. officinale, inexistem estudos publicados que comprovem sua eficacia

no tratamento de Ulceras traumaticas, tdo comuns em Odontologia.



O objetivo deste estudo foi avaliar a eficacia do N. officinale como adjuvante

no processo de reparo em lingua de ratos.

2. Material e métodos
2.1 Extrato de N. officinale e solucéo oral

O material vegetal foi coletado em dezembro de 2005, identificado pelo Dr.
Gert Hatschbach e registrado no Museu Botéanico de Curitiba (Brasil), sob o nimero
248503. Esse material vegetal foi pré-estabilizado em condicdes ambientes e
estabilizado com ventilacdo forcada a 45 °C. A padronizagdo granulométrica foi
realizada em um moinho de facas, com tamis de 8 mm.

Foi adaptada uma manta de algoddo de 3 cm de espessura sobre placa
porosa de teflon, no fundo de extrator de Soxhlet (Carvalho et al., 2009). Foram
adicionados 500 g de material vegetal no extrator, 1500 mL de etanol 85% sobre o
material vegetal, para umectacao, por 30 min. Em baldo de 3000 mL acoplado ao
extrator foram adicionados 1500 mL de etanol 85%. ApdOs conexao de condensador,
iniciou-se 0 processo de aquecimento para a extracdo continua. Transcorridas 5 h
de extracdo, concentrou-se o extrato do baldo para aproximadamente 800 mL. O
extrato foi transferido para baldo volumétrico e completado o volume com etanol
85%.

Cada mililitro da solucéo oral a ser utilizada no estudo continha 0,15 mL de
extrato de N. officinale e 0,85 mL de excipientes (benzoato de sodio, acido citrico,
sacarina sodica, sorbitol 70%, carboximetilcelulose e agua purificada), 1,080 mg de
feniletilglucosinolato (PEITC), 0,846 mg de flavondides (em rutina) e 0,256 mg de
fenilpropandides (em &acido clorogénico). O extrato de N.officinale foi padronizado

dentro desses trés elementos que sdo os marcadores da solucdo oral.



2.2 Animais

Para realizacdo desse estudo o projeto foi avaliado e aprovado pelo Comité
de Etica no Uso de Animais (CEUA-PUCPR - 445/2009). Para tanto, foram
utilizados 64 ratos machos da linhagem Wistar com idade de 45-50 dias e massa
corporal de ca. 200 g. Os animais foram alimentados com racéo peletizada Nuvilab®
CR-1 (Nuvital Nutrientes S.A.) e agua ad libitum, com ciclos claro-escuro de 12 h e

temperatura ambiente (251 °C).

2.3 Inducéo de ulceras

Os ratos foram anestesiados com tiopental sodico (30 mg/kg) via
intraperitoneal antes da inducdo mecéanica de uUlceras na regiao central do dorso da
lingua, por meio de um punch de 0,5 mm. A técnica consiste em fazer movimentos
de rotacdo e pressdo com o instrumento sobre a area a ser removida, aprofundando-
0 até se notar certa resisténcia (Alonso et al., 2008). Durante os trés dias que se
seguiram a inducdo das Ulceras, os animais foram medicados com mepiridina (2

mg/kg; via intraperitoneal) para diminuicdo da dor, facilitando a alimentacéo.

2.4 Tratamento experimental

Imediatamente apds a inducdo mecéanica de Ulceras, os animais foram
aleatoriamente alocados em oito grupos de oito espécimes. Quatro grupos serviram
como controles (Getiz, Getriz, Getriza, Getriz1) € somente receberam aplicacéo tdpica de
solucéo salina esterilizada, uma vez ao dia, no mesmo horério. Outros quatro grupos
experimentais (Gexp2, Gexp7, Gexp1a € Gexp21) receberam aliquotas diarias de 50 pL de
solucéo oral de N. officinale sobre as ulceras por 2, 7, 14 e 21 dias, respectivamente.

Os animais de cada par de grupos controle-experimental foram mortos por overdose
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de tiopental sodico (120 mg/kg) via intraperitoneal e intracardiaca, apds os periodos

citados acima.

2.5 Processamento e andlise histolégica

Ap6s a morte dos animais de cada par de grupos controle-experimental, as
linguas foram removidas com uso de lamina de bisturi n° 12 e acondicionadas em
coletores universais com formalina tamponada 10%. As linguas fixadas em formalina
foram emblocadas em parafina e as regides de Ulceras foram seccionadas até
espessura de 5 um, conforme técnica-padrdo. Os cortes foram diafanizados e
corados por hematoxilina-eosina (HE) e picrosirius red (SR)(Alonso et al., 2008).

Os cortes corados por HE foram avaliados qualitativamente em microscopio
6ptico Olympus® Medusa BX-40 com magnificacdo de 400x, por dois observadores
independentes. Foram avaliadas as variaveis intensidade da inflamacdo, contetudo
de colageno e angioneogénese.

Os cortes corados por SR foram analisados em microscépio Olympus® BX-50
munido de lente polarizadora Olympus® U-Pot e microcamera Dinolite® em
magnificacdo de 400x, por um Unico observador, para determinar a presenca de
colageno maduro e imaturo na regido da lesdo. O colageno maduro apresenta
coloracdo vermelho-alaranjada, enquanto o imaturo € verde-amarelado (Montes,
1996). Para fins analiticos e estatisticos, as imagens de quatro campos foram
aleatoriamente obtidas. As imagens foram analisadas no programa de morfometria
Image Proplus™ 4.5 (Media Cybernetics, Silver Spring, MD), que forneceu as areas
de coldgeno maduro e imaturo, expressas em micrémetros quadrados. Os valores

finais foram determinados a partir das médias dos quatro campos.
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2.6 Andlise estatistica

Foi empregado o pacote estatistico SPSS® 18.0 (SPSS Inc., Chicago, IL.),
sendo que o nivel de significancia adotado foi 5% (p<0,05). Foi realizado o Teste de
Normalidade de Kolmogorov-Smirnov na qual se observou que apenas dois dos oito
tratamentos ndo apresentaram distribuicdo normal, optando por ANOVA a dois
critérios modelo fatorial completo. O teste de homogeneidade de variancias de
Levene revelou que a variancia era heterogénea, optando-se pelo teste de

comparacdes multiplas paramétricas de Games-Howell.

3. Resultados
3.1 Anélise qualitativa

Decorridos dois dias da ulceracdo mecanica, tanto o grupo controle, quanto o
experimental, apresentaram as mesmas caracteristicas de infiltrado inflamatorio
polimorfonuclear intenso, semelhante quantidade de fibras coladgenas e poucos
vasos sanguineos neoformados (Fig. 1A e 1B).

O infiltrado inflamatdrio polimorfonuclear e mononuclear se apresentou
invariavel no par controle-experimental, decorridos sete dias apds a inducdo das
Ulceras. Em ambos grupos o infiltrado foi moderado ou intenso. Entretanto, N0 Gexpr
foi observado um maior nimero de fibroblastos e maior depdsito de fibras
colagenas. (Fig. 1C e 1D). Por outro lado, G¢i7 apresentou maior angioneogénese.

Com o decorrer do tempo, o infiltrado inflamatério mononuclear mostrou uma
tendéncia a reducéo, variando de intenso a discreto, com semelhante proporcéao de
vasos sanguineos, tanto em Gegia, quanto em Gepia. De forma semelhante a
anterior, foi observada maior quantidade de fibroblastos e de fibras colagenas em

Gexp1aque em Gerina (Fig. 1E e 1F).
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O processo de reparo evoluiu para consolidacdo e ao término do periodo de
21 dias pos-ulceragdo, os infiltrados inflamatorios se apresentavam discretos ou
inexistentes com semelhante propor¢do de vasos sanguineos em Geyizr € Gexpai.
Como poderia ser esperado, um visivel aumento de fibroblastos e deposi¢cdo de
fibras colagenas mais organizadas e remodelacéo do tecido foi observado no Gexp21

(Fig. 1G e 1H).
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3.1.2 - Figura 1: Avaliagdo qualitativa da leséao

Controles Experimentais
Tempo
02 dias
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Figura 1: Fotomicrografia da area lesionada dos grupos experlmental e controle nos perlodos de 2,7,
14 e 21 dias (magnificagcdo 400%, HE), demonstrando evolucdo do processo ao longo do tempo.

Legenda:

1 — Células inflamatorias
2 — Vasos sanguineos

3 — Fibroblastos

4 — Fibras colagenas
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3.2 Analise quantitativa do contetdo de colageno

O teste de comparacdes multiplas paramétricas de Games-Howell revelou uma
maior quantidade de colageno total no grupo experimental que no controle, tanto aos
14 dias (1220,66+413,05 pm? versus 218,83+77,25 pm?, p=0,00296), quanto aos 21
dias (979,79+411,22 um? versus 143,41+26,58 um? , p=0,01835) (Fig. 2).

Uma maior quantidade de colageno imaturo foi verificada comparando Gexpia
com Geuia (304,36+110,87 pm? versus 72,88 +23,03 pm?, p = 0,00534). Semelhanca
de comportamento também foi observada aos 21 dias p6s-ulceracéo (205,07 +59,54
um? versus 59,53+14,86 pm?, p = 0,09321).

Maiores quantidades de coldgeno maduro foram mensuradas nos grupos
experimentais Gexp4 (916,30£308,35 pm? versus 145,95+55,04 um?, p = 0,0343) e
Gexp21 (774,72 £354,40 um? versus 83,88 +14,30 pm?, p = 0,01298) em relagéo aos

Seus respectivos grupos-pares controles.
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3.2.1 — Figura 2 — Avaliacédo quantitativa do conteudo de coladgeno pela técnica

de Picrosirius Red

Controles Experimentais

02 dias

07 dias

14 dias

21 dias

Figura 2. Fotomicrografia de lesdo da lingua de ratos dos grupos controle e experimental
nos periodos de 2, 7, 14 e 21 dias (magnificacdo 400x, SR)

Legenda:
5 — Coldgeno maduro

6 — Colageno imaturo
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4. Discusséo

O N. officinale tem sido empregado com diferentes finalidades terapéuticas e
dietéticas por varios grupos étnicos. Contudo, de nosso conhecimento, somente
algumas comunidades rurais italianas tém o empregado empiricamente como
promotor de reparo em estomatites, que apresentam caracteristicas tipo-ulcera
(Bullita et al., 2007). Como o N. officinale é uma planta de facil aclimatacdao, manejo
agricola e aceitacdo culinaria, portanto de facil acesso, mas com um potencial
reparador latente, era imperioso que tal aplicabilidade fosse avaliada de maneira
mais pormenorizada.

O processo de cicatrizacdo de Ulceras traumaticas bucais é bastante
complexo, caracterizando-se pela remocédo do tecido lesado com substituicdo do
mesmo por tecido conjuntivo. O processo normal de reparo pode ser dividido em (1)
fase inflamatoria; (2) fase proliferativa de fibroblastos e vasos sanguineos; e (3) fase
de maturacéo e remodelacdo de colageno (Mackay et al., 2003; Nayak et al., 2006;
Jettanacheawchankit et al., 2009). Qualquer estratégia medicamentosa que antecipe
ou que promova uma remodelacdo mais proxima da fisiologica certamente é
desejavel, pois colaboraria na reducdo do desconforto e dos riscos de infeccao
subsequentes.

Foi observado que a solucdo de N. officinale promoveu um aumento na
populacdo de fibroblastos com consequente elevacdo de deposicdo de colageno
antes dos sete dias pos-ulceracdo, e que se manteve constante ao longo do
intervalo experimental. Ainda, o fitofarmaco promoveu uma antecipacdo na taxa de
substituicdo de colageno imaturo (rico em fibras tipo Il finas) por colageno maduro
(rico em fibras tipo | espessas) (Haukipuro et al., 1991; Kadler et al., 1996).

A maior deposicdo e a antecipacdo na transicdo dos tipos de colageno
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aceleram o processo de contracdo da ferida da ulcera (Irvin, 1985). Nesse contexto,
0os resultados aqui obtidos mostram que o N. officinale pode servir como um
adjuvante terapéutico eficaz em termos de formacdo de tecido conjuntivo que
suporte o reparo da injuria.

O mecanismo de acao da solucdo de N. officinale, aqui utilizada, que se
aplica ao fenbmeno de secrecdo e maturacdo de coldgeno ainda esta por ser
determinado. Com base no proposto por Lim e Kim (2007) e por Fonseca et al.
(2011), nosso grupo teoriza que flavondides (expresso em rutina) devem inibir a
atividade de metaloproteinase de matriz-1 (MMP-1) e/ou reduzir a expressao do
gene MMP-1, o que incorreria em aumentos na taxa de colageno total na regido da
Ulcera.

Outra possivel explicacdo deriva da proposicdo de Abu-Zinadah (2008)
acerca da possibilidade de que o PEITC presente no N. officinale apresenta
atividade antimicrobiana e antioxidante, que levaria a uma ferida mais limpa,
favorecendo o processo de reparo. Contudo, acreditamos que tal hipétese ndo deva
ser a mais apropriada para explicar o fenbmeno, visto que a retencéo da solucdo no
sitio ulcerado e a posologia empregada ndo favoreceram a permanéncia do PEITC
no ponto de aplicacdo por intervalos de tempo suficientes para obtencdo de efeito
time-kill, contra uma populacdo microbiana luxuriante.

Um ponto digno de destaque é o fato de que a solucdo de N. officinale néo
propriamente minimizou o evento inflamatério, pois os pares controle-experimental
apresentaram mesmos graus de intensidade inflamatoria ao longo do experimento.
Tal achado mostra que o N. officinale ndo deve apresentar atividade antiinflamatoéria
intrinseca, sendo desconsideravel seu emprego para esse fim. O emprego

concomitante de outras plantas e/ou medicamentos alopaticos podem ser
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considerados.

A angioneogénese, um fendmeno comum durante eventos inflamatorios, foi
menos pronunciada no Geyy7. E possivel que componentes do N. officinale tenham
promovido uma precoce sobresecrecao de colageno de tal ordem que comprometeu
0 aparecimento de novos vasos. Essa dindmica de eventos, em condigbes normais
(i.e. nos controles), era esperada ocorrer acerca do 14° dia (Tonnesen et al., 2000).
Contudo, o N. officinale deve ter antecipado a reducéo de vasos para o 7° dia. Uma
vez mais, parece que os flavondides (expresso em rutina) sejam 0s responsaveis
pelo incremento relativo de colageno, com consequente reducédo na densidade de
vasos sanguineos.

Embora observada uma membrana fibrinopurulenta em igual densidade nos
controles e tratamentos (dado n&o-mostrado), ndo foi detectada a presenca de
células necréticas ou com qualquer outro indicio deletério. Isso indica que a
formulacdo empregada era segura e nao implicava em efeitos locais indesejaveis.

Neste estudo, a posologia terapéutica experimental compreendeu somente
uma administracéo diaria da solucdo de N. officinale. E possivel que um esquema
posologico que envolva um maior numero de aplicacfes ao dia possa interferir no
tempo de cicatrizacdo, com consequente encurtamento temporal. Ainda, a forma
farmacéutica empregada (solucdo oral) talvez ndo tenha maximizado o efeito
analisado, pois confere uma retencdo no sitio ulcerado muito breve. A prética
etnoveterinaria de comunidades rurais italianas, no entanto, preconiza o uso de
folnas cruas de N. officinale como coadjuvante no tratamento de afeccdes
ulcerativas em bovinos com éxito (Bullita et al., 2007). Em se partindo da premissa
de que a disponibilidade dos principios ativos nas folhas in natura certamente seja

menor que a do extrato aqui empregado para a formulacdo da solucdo oral, é
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razoavel supor que a maior concentracdo desses principios na formulagéo leve a
uma maior disponibilidade pontual.

Talvez uma formulacdo em orabase incremente a substantividade do
fitofarmaco com retencdo mais prolongada do mesmo e consequente aumento de
atividade reparadora. Por restringir a area de acdo do farmaco e dificultar sua
dispersdo, uma apresentacdo em orabase, além de elevar o potencial reparador
pontual, ainda poderia minimizar efeitos indesejados em outros tecidos e 6rgaos,
bem como suplantar contra-indicacdes terapéuticas como Ulceras estomacais e
intestinais (Oliveira et al.,, 2010) e gestacdo (Canistro et al., 2004). Estes
pressupostos devem ser avaliados em estudos subsequentes que envolvam
variacOes farmacotécnicas e posologicas.

Em suma, este estudo confirmou que a eficiéncia de se empregar o N.
officinale como adjuvante no processo de reparacao de ulceras bucais, ha muito
difundida entre comunidades rurais italianas, pode ser comprovada por
experimentacdo sob condi¢des controladas. Como este estudo foi conduzido em
ratos € imperativo que, para se verificar sua aplicabilidade em humanos ou em

outros animais, investigacdes mais aprofundadas sejam levadas a termo.
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1. Introduction

The most common mouth cavity lesions are the traumatic ulcers. The loss of
the epithelium and the exposition of the subjacent conjunctive tissue characterizes
the lesions, causing injury and discomfort (Martinez et al., 2002; Rioboo et al., 2005).
Empirically, different population groups use plant extracts as auxiliaries on the
traumatic ulcers healing process (Fonseca et al., 2011; Kosger et al., 2009; Vilela et
al., 2008).

Serching for low cost and easy access herbal, which might induce or improve
the repairing process, our group realized that Nasturtium officinale (common name
“‘water cress”) has been applied for long by Italian rural communities for veterinarian
purpose in stomatitis treatment (Bullita et al., 2007; Viegi et al., 2003). Besides that,
N. officinalle showed therapeutic potential to heal ulcer on chemical or heated
induced rabbit skin (Abu-Zinadah, 2008).

N. officinalle is a perennial herbal medicinal plant, and belong to the family of
Cruciferae (Brassicaceae), it can be found in many countries and be traded as a
fresh plant. It is eaten raw in salads, or can be cooked in soups. Moreover, it is also
used in popular medicine in several countries as expectorant, hypoglycemic,
stomach stimulating, and anti-hypertension (Bahamikia and Yazdanparast, 2008;
Halberstein, 2005). It is also indicated to diabetes treatment, bronchitis, tuberculosis,
asthma and scurvy (Ozen, 2009).

In despite of its ethno botany and ethno veterinary importance, and how easy
it is to obtain N. officinale, there are not any published studies that proof its efficiency
to treat traumatic ulcer, which is very common in dentistry.

The object of this study was to evaluate the efficiency of N. officinale as

adjuvant in the healing process on rat tongues.
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2. Material and methods
2.1 Extract of N. officinale and oral solution

The vegetable material was collected in December, 2005, identified by Dr.
Gert Hatschbach and registered at the Curitiba Botanical Museum (Brazil), under the
number 248503. The material was pre-established in environmental conditions and
established with forced ventilation to 45°C. The granulometric regulation was made in
a knife grinder, with a sieve of 8mm.

A cotton blanket of 3cm tick was adapted over a porous Teflon plate, inside
the Soxhlet extractor (Carvalho et al., 2009). 500 grams of vegetal material was
added in the extractor, 1500 ml of 85% ethanol over the vegetal material, to wetting,
for 30 minutes. It was added 1500 ml of 85% ethanol in a 3000 ml balloon attached
to the extractor. After having connected the condenser on the extractor, it started the
heating process to continuing extraction. After 5 hours of extraction, the balloon
extract was concentrated to approximately 800 ml. The extract was transferred to the
volumetric balloon and the volume was completed with 85% ethanol.

Each milliliter of the oral solution to be used in the study had 0,15 ml of extract
of N. officinale and 0,85 ml of excipients (sodium benzoate, citric acid, sodium
saccharin, sorbitol 70%, carboxymethylcellulose and purified water), 1,080 mg of
feniletilglucosinolato (PEITC), 0,846 mg de flavonoids (in rutin) e 0,256 mg of
phenylpropanoid (in chlorogenic acid). The extract of N. officinale was regulated

within these three elements which are the oral solution markers.

2.2 Animals
To accomplish this study, the project was evaluated and approved by the

Animal Use Ethnical Committee (CEUA-PUCPR — 445/2009). For that end, it was
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used 64 male rats Wistar with age of 45-50 days and corporal mass of ca.200g. They
were fed with pelletized ration Nuvilab® CR-1 (Nuvital Nutrientes Inc.) and water ad

libitum, with clear-dark cycles of 12 hours and environmental temperature (25+1 °C).

2.3 Inducing the ulcers

The rats were anesthetized with sodium thiopental (30 mg/kg) via
intraperitoneal before the mechanical inducing in the very middle of the top of the
tongue, through a punch of 0,5 mm. The technique consists in rotating and pressing
movements with the tool over the area to be removed, it has to be deepen until one
realizes some resistance (Alonso et al., 2008). During the following three days of the
act of inducing ulcers, the animals were treated with mepiridina (2 mg/kg; via

intraperitoneal) to reduce pain in order to facilitate feeding.

2.4 Experimental treatment

Soon after the ulcer mechanical inducing, the rats were organized in eight
groups of eight species. Four groups acted like controls (Gcuiz, Gewri7, Getrina, Getriza)
and received topical application of sterilized saline solution only once a day, always
at the same time. The other four groups (Gexp2, Gexp7, Gexp1a € Gexp21) received daily
aliquot of oral solution (50 pL) of N. officinale on the ulcers for 2, 7, 14, and 21 days,
respectively. The animals in each pair of experimental-control-groups died by
overdose of sodium thiopental (120 mg/kg) via intraperitonial and intracardiac, after
the mentioned periods.
2.5 Processing and Histological analysis

After the death of each pair of experimental-control-groups, the tongues were

removed with a blade of scalpel 12 and conditioned in universal collectors with
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buffered formalin 10%. The tongues placed on formalin were organized in blocks with
paraffin and the areas with ulcers were divided up to 5 um thick, according to
standard technique.
The cuts were diaphanized and by hematoxilina-eosina (HE) and picrosirius red
(SR)(Alonso et al., 2008).

The cuts by HE were evaluated qualitatively in optical microscope Olympus®
Medusa BX-40 with magnification of 400x, by two independent observers. The
variable intensity of inflammation, content of collagen and angioneogénese were all
evaluated.

The cuts colored by SR were evaluated in microscope Olympus® BX-50 with
polarized lens Olympus® U-Pot and micro camera Dinolite® with magnification of
400x%, by only one observer, to determine the presence of mature and immature
collagen on the area of lesion. The mature lesion presents an orange-red color, while
the immature is yellow-green (Montes, 1996). To aim analysis and statistics, the
images of four areas were randomly btained. The images were analyzed in the
program of morphometry Image Proplus™ 4.5 (Media Cybernetics, Silver Spring,
MD), which supplied the mature and immature collagen area, expressed in squared

micrometers. The final values were determined from the average of the four areas.

2.6 Statistical analysis

It was used the statistical package SPSS® 18.0 (SPSS Inc., Chicago, IL.), the
significant level adopted was 5% (p<0,05). The normality Kolmogorov-Smirnov test
was done, in which it was realized that only two of the eight treatments did not show
normal distribution, we opted for ANOVA- two way. The variance homogeneity test of

Levene revealed that the variance was heterogeneous, being opted by the
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parametrical multiple comparison test of Games-Howell.

3. Results
3.1 Qualitative analysis

Two days after the mechanical ulcer, the control group as well as the
experimental group, showed the same characteristics of intense polymorphonuclear
inflamed filtered, similar amount of collagens fibers and few neo formed blood vases
(fig. 1A and 1B).

Seven days have passed after the induction of ulcers and the inflamed filtered
polymorph nuclear and mononuclear showed itself invariable in the experimental-
control pair. The filtered was moderate or intense in both groups. However, in Geypy it
was observed a bigger number of fibroblasts and bigger concentration of collagen
fibers (fig. 1C and 1D). On the other hand, G.y7 showed bigger angiogenesis.

As time went by, the mononuclear inflamed filtered showed tendency of
reduction, varying from intense to discreet, with similar proportion of blood vases, in
both Gerina and Gexp14. Similarly to the previous one, it was realized a bigger amount
of fibroblasts and of collagen fibers in Geypi4 than Gegia (fig. 1E and 1F).

The healing process evolved to consolidation and, at the end of period of 21
days post ulceration, the inflamed infiltered showed themselves discreet or inexistent
with similar proportion of blood vases in Geyor and Gexp21.  As expected, it was
realized a visible increasing of fibroblasts and deposition of better organized collagen

fibers and remodeling of the tissue in Gexp21 (fig. 1G and 1H).
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3.1.2 — Figure 1 - Lesion qualitative valuation
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Figure 1: Photomicrography of the injured area of experimental groups and control in the periods of 2, 7, 14 and 21 days (magnification
400x%, HE), showing evolution of the process along the period.

Label:

1- Inflammatory cells

2- Blood vase

3-  Fibroblasts

4-  Collagen fibers

3.2 Quantitative analysis of the collagen content

The parametrical multiple comparison test of Games-Howell revealed a bigger
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amount of total collagen in the experimental group than in the control group, in the
14 days (1220,66+413,05 um? versus 218,83+77,25 pm?, p=0,00296), as well as the
21 days (979,79+411,22 pm? versus 143,41+26,58 pm? , p=0,01835) (fig. 2).

A greater amount of immature collagen was verified comparing Gexp14 With
Geia (304,36+110,87 pum? versus 72,88 +23,03 um? p = 0,00534). It was also
observed similarity of behavior after 21 days post ulceration (205,07 +59,54 pm?
versus 59,53+14,86 pm?, p = 0,09321).

Bigger amount of mature collagens were measured in the experimental groups
Gexp14 (916,30£308,35 pm? versus 145,95+55,04 um?, p = 0,0343) and Gexpz1 (774,72

+354,40 um? versus 83,88 +14,30 um?, p = 0,01298) in relation to their respective

pair-group controls.
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3.2.1 - Figure 2 — Collagen quantitative valuation by Picrosirius Red Technique
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Figure 2: Photomicrography ofinjury on rat tongues from groups control and experimental in the periods of 2, 7, 14 and
21 days (magnification 400%, SR).

Label:

5-Mature collagen

6-Immature collagen
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4. Discussion

N. officinale has been applied to different therapeutic and diet ends by several
ethnical groups. However, to our knowledge, only some lItalian rural communities has
been applied it empirically as a repairing promoter in stomatitis, which shows ulcer
type characteristics (Bullita et al., 2007). As N. officinale is a plant easily adapted to
different climates, easy to be looked after and to be handled in cookery, therefore
accessible, but with a latent potential healing, it was imperative that such
applicability were evaluated in a detailed way.

The mouth traumatic ulcer healing process is very complex, being
characterized by taking out the conned tissue, being the same replaced by a
conjunctive tissue. The standard healing process can be divided in (1) inflamed
stage; (2) proliferative stage of fibroblasts and blood vase; and (3) maturing stage
and collagen remodeling (Mackay et al., 2003; Nayak et al., 2006;
Jettanacheawchankit et al., 2009). Any medicinal strategy which anticipate or
promote a closer remodeling to the physiological one is certainly desirable, because
it would collaborate to reduce the discomfort and risk of later infection.

It was observed that the solution of N. officinale promoted an increase of
fibroblasts with a consequent lift of deposition of collagen before the seven day of
post ulceration, and it remained constant throughout the experimental interval. Still,
the phytochemical promoted an anticipation on the substitution rate of immature
collagen (rich in fibers, type Il thin) for mature collagen (rich in fiber, type | thick)
(Haukipuro et al., 1991; Kadler et al., 1996).

The greater deposition and anticipation in the transition of types of collagen
accelerate the healing process of the ulcer (Irvin, 1985). In the context, the results

obtained show that the N. officinale can be useful as an efficient therapeutic adjuvant
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in terms of formation of conjunctive tissue which sustains the repair of injury.

The action mechanism of N. officinale solution used, which is applied to the
secretion and collagen maturation phenomenon is to be determined. Based on the
proposal made by Lim and Kim (2007) and by Fonseca et al., (2011), our group hold
the theory that flavonoids (expressed in rutin) should inhibit the activities of
metalloproteinase of matrix-1 (MMP-1) and/or reduce the expression of gene MMP-1,
that would involve in increasing of total collagen rate on the ulcer area.

Another possible explanation stems from Abu-Zinadah’s proposition (2008)
about the possibility that the PEITC found in N. officinale presents antimicrobial and
antioxidant activities, that would lead to a cleaner wound, favoring the healing
process. Although we believe that such hypothesis may not be the most appropriate
to explain the phenomenon, seen that the retention of solution on the ulcer area and
posology applied do not favor the permanency of PEITC on the point of application,
for enough time intervals to obtain the time-kill effect, against a full microbial
population.

A worthy point is the fact that the solution of N. officinale does not properly
minimize the inflamed event, because the experimental- control pair showed the
same degrees of inflaming intensity along the experience. Such finding shows that N.
officinale should not present intrinsic anti-inflammatory activity, being its use
inconsiderable for such an end. The concomitant use of other allopathic plants and/or
medicines can be considered.

The angioneogénese, an ordinary phenomemon during inflammatory events,
was less pronounced in Gexp7. It is possible that components of N. officinale had
promoted a precocious on secretion of collagen in such way that it implicated the

rising of new vases. That dynamic of events, in normal conditions (i.e. in the
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controls), was expected to occur about the 14™ day (Tonnesen et al., 2000). Still, N.
officinale, might have anticipate the reduction of vases to the 7" day. Once more, it
seems that flavonoids (expressed in rutin) might be the responsible for relative
collagen increment, with a consequently reduction in the blood vase density.

Although a fibrinopurulent membrane was noticed in equal density in the
controls and treatments (data not showed), it was not detected the presence of
necrotic cells or with any other poisonous evidence. It shows that the formulation
applied was safe and did not implied on undesirable local effects.

This study, the experimental therapeutic posology comprised only a daily
ministracdo of N. officinale solution. It is possible that a dosage scheme which
involves a greater number of daily applications might interfere on the healing time,
with a consequent temporal shortening. Moreover, the pharmaceutical way used (oral
solution) might have not maximized the effect analyzed, for it confers a very brief
retention on the ulcerate area. The ethno veterinary practice of Italian rural
communities, however, press for the use of raw leaves of N. officinale as co-adjuvant
in ulcerative affections treatment on cattle successfully (Bullita et al., 2007). From the
premise that the availability of the active principles in the leaves in natura might
certainly be smaller than the one in the extract applied here to formulation of oral
solution, it is reasonable to assume that the biggest concentration of these principles
in the formulation leads to a greater punctual availability.

Maybe a formulation in orabase increment the substantivity of phytochemical
with a longer retention of the same and consequent increase of repairing activity. By
narrowing the action area of the phytochemical and hamper its dispersion, an
orabase presentation, besides raising the punctual repairing potential, it could also

minimize undesirable effects on other tissues and organs, as well as supplant
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therapeutic contraindications as stomachic and intestinal ulcers (Oliveira et al., 2010)
and pregnancy (Canistro et al., 2004). Such assumptions should be evaluated in following
studies which cover dosage pharmacotechnic variations.

To sum up, this study confirmed that the efficiency of using the N. officinale as
adjuvant in mouth ulcer repairing process, for long disseminated among lItalian rural
communities, could be proved by experimentation under controlled conditions. As the
study was conducted on rats, it is imperative that, to verify its applicability in humans

or in other animals, deeper researches should be taken.
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Anexo A — PARECER DO COMITE DE ETICA

PONTIFICIA UNIVERSIDADE CATOLICA DO PARANA

_ NUCLEO DE BIOETICA
COMITE DE ETICA NO USO DE ANIMAIS

PUCPR PARECER DE PROTOCOLO DE PESQUISA

Registro do projeto no CEUA: 445
Data do parecer: 22/06/2009
Titulo do Projeto:

Efeito do extrato de agrido (Nasturtium Officinale)sobre lesées ulceradas da
mucosa oral de ratos. Analise imunchistoquimica e histopatolédgica

Pesquisador responsavel:
Ana Maria Trindade Gregio

Equipe da pesquisa:

Patricia Vida Cassi Bettega

Instituigao:

PUCPR

Categoria do Experimento — C

Espécie de Animal Sexo ~ Idade ou peso Quantidade

Rattus norvegicus albinus | Machos | Apds o desmame, 200g 64

O colegiado do CEUA em reuniao no dia 18/06/2009, avaliou o projeto e
emite o seguinte parecer: APROVADO.

Eventuais modificagbes ou emendas ao protocolo devem ser
apresentadas ao CEUA-PUCPR de forma clara e sucinta, identificando a parte
do protocolo a ser modificado e as suas justificativas.

Se a pesquisa, ou parte dela for realizada em outras instituicées, cabe
ao pesquisador ndo inicia-la antes de receber a autorizagdo formal para a sua
realizacdo. O documento que autoriza o inicio da pesquisa deve ser carimbado
e assinado pelo responsavel da instituicdo e deve ser mantido em poder do
pesquisador responsavel, podendo ser requerido por este CEUA em qualquer
tempo.

Lembramos ao senhor pesquisador que é obrigatério encaminhar o
relatério anual parcial e relatério final da pesquisa a este CEUF&/
A
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Curitiba, 22 de junho de 2009.

Atenciosamente

Profa. G;éd:' a Maria D"Almeida e Oliveira
Coordenadora do CEUA
PUC PR
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Anexo B - Andlise estatistica — Gréaficos
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Graf. 1 — Mostra média e desvio padrdo dos valores quantitativos de colageno
imaturo (em micrémetros quadrados) relacionados ao tempo de tratamento (2,

7,14 e 21 dias), nos grupos controles e experimentais.
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Graf. 2 — Mostra média e desvio padrdo dos valores quantitativos de colageno
maduro (em micrémetros quadrados) relacionados ao tempo de tratamento (2,

7,14 e 21 dias), nos grupos controles e experimentais.
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Graf. 3 — Mostra média e desvio padrdo dos valores quantitativos de colageno
total (em micrometros quadrados) relacionados ao tempo de tratamento (2, 7,

14 e 21 dias), nos grupos controles e experimentais.
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ANEXO C — NORMAS DA REVISTA (Journal of Ethnopharmacology)

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
"the text". Any subsection may be given a brief heading. Each heading should appear on
its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

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.
Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt
with in the Introduction and lay the foundation for further work. In contrast, a Calculation
section represents a practical development from a theoretical basis.

Results

Results should be clear and concise.

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.
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Glossary

Please supply, as a separate list, the definitions of field-specific terms used in your
article.

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), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table
A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the
actual work was done) below the names. Indicate all affiliations with a lower-case
superscript letter immediately after the author's name and in front of the appropriate
address. Provide the full postal address of each affiliation, including the country name,
and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that telephone and fax numbers
(with country and area code) are provided in addition to the e-mail address and the complete
postal address. Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a "Present address" (or "Permanent
address") may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.
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A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

The author should divide the abstract with the headings Ethnopharmacological relevance,
Materials and Methods, Results, and Conclusions.

Authors must supply a graphical abstract for all types of articles at the time the paper is
first submitted.

The graphic should summarize the contents of the paper in a concise, pictorial form
designed to capture the attention of a wide readership and for compilation of databases.
Carefully drawn figures that serve to illustrate the theme of the paper are desired. The
dimensions of the graphical abstract are: 5 cm by 17 cm and 200 x 500 pixels. Authors
must supply the graphic separately as an electronic file. For an example of a graphical
abstract please click here.

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.

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.).

Present simple formulae in the line of 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 should be used sparingly. Number them consecutively throughout the article,
using superscript Arabic numbers. Many wordprocessors build footnotes into the text,
and this feature may be used. Should this not be the case, indicate the position of
footnotes in the text and present the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Save text in illustrations as "graphics" or enclose the font.

¢ Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Produce images near to the desired size of the printed version.

e Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
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Regardless of the application used, when your electronic artwork is finalised, please
"save as" or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS: Vector drawings. Embed the font or save the text as "graphics".

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office
applications please supply "as is".

Please do not:

e Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the
resolution is too low;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Please note that figures and tables should be embedded in the text as close as possible
to where they are initially cited. It is also mandatory to upload separate graphic and
table files as these will be required if your manuscript is accepted for publication.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color on the Web (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for color in print or on the
Web only. For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color
figures to "gray scale" (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color illustrations.
Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to
the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.
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Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data
presented in tables do not duplicate results described elsewhere in the article.

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 "Unpublished results".

"Personal communication" will not be accepted as a reference. Citation of a reference as "in
press" implies that the item has been accepted for publication.

Reference management software

This journal has standard templates available in key reference management packages
EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages,
authors only need to select the appropriate journal template when preparing their article
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and the list of references and citations to these will be formatted according to the journal
style which is described below.

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, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al. (2000) 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
same year must be identified by the letters "a", "b", "c", etc., placed after the year of
publication. Please use full journal names.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2000. The art of writing a scientific
article. Journal of Scientific Communication. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.
Reference to a chapter in an edited book: Mettam, G.R., Adams, L.B., 1999. How to
prepare an electronic version of your article, in: Jones, B.S., Smith , R.Z. (Eds.),
Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
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