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Resumo 1 

A ação da fração alcaloide de Geissospermum vellosii Allemão, “Pau pereira”, no processo de 2 

reparo de ulcerações bucais em ratos foi avaliada. Foram induzidas mecanicamente, por meio de 3 

um micropunch de 4.0 mm, úlceras em dorso de língua de 48 ratos machos Wistar, tratados com 4 

30mg/kg-50μL da solução da fração alcaloide de G. vellosii (grupo Pau pereira) ou com 5 

dimetilsulfóxido (grupo DMSO), duas vezes/dia, sendo os animais eutanasiados após 2, 7, 14 e 6 

21 dias. A língua foi processada e embebida em parafina. Foram obtidas lâminas coradas com 7 

hematoxilina-eosina, Picrosirius Red e submetidas à imunohistoquímica para metaloproteinase 8 

1 (MMP-1) e 8 (MMP-8), interleucina 6 (IL-6). As imagens foram capturadas e analisadas em 9 

programa de morfometria obtendo-se o número de neutrófilos, macrófagos e fibroblastos; a 10 

porcentagem de colágeno I; e a porcentagem da área imunopositiva para MMP-1, MMP-8 e IL-11 

6 (área/tecido conjuntivo). Os testes Kruskal-Wallis, Mann-Whitney, ANOVA dois critérios e 12 

Games-Howell foram utilizados com significância de 5%. As úlceras tratadas pela fração 13 

alcaloide de G. vellosii em comparação com DMSO apresentaram mais macrófagos e 14 

fibroblastos aos 2 dias; maior expressão de MMP-8 e IL-6 aos 7 dias; menos neutrófilos e 15 

macrófagos, mais fibroblastos, colágeno tipo I, MMP-1 e IL-6 aos 14 dias; menos neutrófilos e 16 

MMP-8, mais macrófagos e fibroblastos aos 21 dias. Estes achados sugerem que a maior 17 

expressão de MMP-1, MMP-8 e IL-6 modularam a maior deposição do colágeno I em estágio 18 

precoce da cicatrização, conferindo maior resistência à ferida, com o uso da fração alcaloide de 19 

G. vellosii. 20 

Palavras-chave: Geissospermum vellosii. Úlcera Bucal. Cicatrização de ferida.  21 
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Introdução 1 

As ulcerações bucais afetam aproximadamente 25% da população mundial. São 2 

alterações dolorosas e impactam negativamente na qualidade de vida das pessoas (Scully, Porter, 3 

2008). Os corticosteroides tópicos são os fármacos tradicionais utilizados para o tratamento das 4 

úlceras bucais, porém, tratam apenas os sintomas e não reduzem o tempo de cicatrização (Kumar 5 

et al., 2004; Martins et al., 2009).   6 

A cicatrização da ferida na mucosa bucal é um processo complexo que envolve a ativação 7 

e interação celular e molecular nos estágios coagulatório, inflamatório, proliferação e migração 8 

celular, deposição de matriz extracelular, epitelização, contração da ferida e remodelação do 9 

tecido (Vyas, Vasconez, 2014; Basso et al., 2016). Durante este pocesso, o colágeno tipo III 10 

(imaturo) é inicialmente sintetizado no local da injúria, sendo substituído no decorrer do tempo 11 

da cicatrização, pelo colágeno tipo I (maduro) que proporciona resistência à ferida (Antonio, 12 

2005).  13 

A concentração de citocinas e metaloproteinases da matriz (MMPs) são fatores locais 14 

que podem influenciar os estágios da cicatrização (Joshi et al., 2016). Esta interleucina, um 15 

biomarcador inflamatório, é uma citocina multifuncional que participa nas respostas 16 

inflamatórias (Sims et al., 2016) e imunes, sendo produzida por monócitos, macrófagos, células 17 

endoteliais, fibroblastos, células T e B ativadas (Sun et al., 2002; Gill et al., 2008). É liberada 18 

primeiramente pelos macrófagos e linfócitos em resposta à injúria e tem papel importante na 19 

cicatrização de ferida, demonstrando também indução e proliferação de  fibroblastos (Xue et al., 20 

2000). 21 

As principais MMPs envolvidas na reparação de feridas são as colagenases MMP-1, 22 

MMP-8 e MMP-13, que degradam a matriz extracelular, atuam na proliferação dos vasos 23 

sanguíneos, na remodelação do tecido conjuntivo e na regulação da atividade dos fatores de 24 
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crescimento. Essas MMPs são secretadas principalmente, por neutrófilos, queratinócitos, 1 

macrófagos e fibroblastos (Gajendrareddy et al., 2013). 2 

Assim como na mucosa gástrica (Falcão et al., 2008; Li et al., 2016), a incorporação de 3 

extratos de plantas medicinais, no desenvolvimento de medicamentos que auxiliem no processo 4 

de cicatrização tecidual, pode ser uma alternativa de tratamento às úlceras bucais (Mendes et al., 5 

2008; Bettega et al., 2011; Silva et al., 2017). 6 

A espécie Geissospermum vellosii Allemão, árvore comumente conhecida como Pau 7 

pereira e amplamente encontrada em toda a floresta amazônica. É fonte de alcaloides indólicos 8 

monoterpenoídicos, responsáveis por atividades terapêuticas antinociceptiva, antimicrobiana, 9 

antimalária, anticancerígena e anti-inflamatória (Mbeunkui et al., 2012; Camargo et al., 2013; 10 

Ramos et al., 2017).  11 

Apesar dos alcaloides presentes nas cascas do Pau pereira apresentarem inúmeras 12 

atividades biológicas, dentre elas anti-inflamatória (Lima et al., 2016), ao nosso conhecimento, 13 

não existem estudos que avaliem a fração alcaloide do Pau pereira na cicatrização de úlceras na 14 

mucosa bucal. Considerando que estas ulcerações são comuns, causam muita dor e desconforto 15 

ao indivíduo (Compilato, 2009; Sukhitashvili et al., 2012), aliado à ausência de estudos da 16 

verificação das atividades biológicas dos alcaloides de G. vellosii Allemão em lesões da mucosa 17 

bucal, avaliou-se, o efeito cicatrizante da fração alcaloide dessa planta medicinal em úlceras no 18 

dorso da língua em ratos. Para tanto, foram analisadas quantitativamente as células envolvidas 19 

na inflamação e no processo de reparo tecidual, os neutrófilos, macrófagos e fibroblastos, bem 20 

como a expressão de colágeno tipo I e a imunoexpressão de MMP-1, MMP-8 e IL-6, 21 

biomarcadores envolvidos no reparo. 22 

 23 

 24 

 25 
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Material e Método 1 

Vegetal  2 

As cascas da espécie vegetal Geissospermum vellosii Allemão (Apocynaceae) foram 3 

adquiridas da empresa Quimer Ervas e Especiarias Comercial Ltda (SP – Brasil). A identificação 4 

ocorreu por meio de comparação com espécies registradas no Museu Botânico de Curitiba, sob 5 

número 36060 (Curitiba, Brasil).  6 

 Obtenção da fração alcaloide de G. vellosii Allemão 7 

O processo de extração do extrato etanólico bruto (EB) das cascas da planta, suas frações 8 

diclorometano (FDCM), acetato de etila (FAE), butanol (FB) e hidroalcoólica remanescente 9 

(FHA), bem como o isolamento e a identificação de substâncias alcaloides na fração 10 

diclorometano, foram realizados conforme Dias, 2012. A figura 1, apresenta o desenho 11 

experimental do estudo de Dias, 2012 para obtenção do EB, das frações FDCM, FAE, FB e 12 

FHA, isolamento e identificação das substâncias na FDCM. A figura 2 apresenta as estruturas 13 

moleculares das substâncias (1) Lupeol, (2) Sesamina e (3) Aspidospermina isoladas da fração 14 

diclorometano de G. vellosii, compondo assim, a fração alcaloide que foi utilizada no 15 

experimento com os animais desta pesquisa. 16 

Animais 17 

A pesquisa foi aprovada pela Comissão de Ética no Uso de Animais (CEUA - 18 

01043/2016- PUCPR), seguindo, durante todo o experimento, as normas estabelecidas pelo 19 

Conselho Nacional de Controle de Experimentação Animal – CONCEA, bem como a 20 

normatização da PUCPR. Foram utilizados 48 ratos Wistar machos, com idade entre 45 e 50 21 

dias e massa corporal de aproximadamente 200 gramas, do Biotério Central da Pontifícia 22 

Universidade Católica do Paraná, Curitiba, PR, Brasil. Os animais foram alimentados com 23 

Nuvilab® CR-1 (Nuvital Nutrientes S A – Quimtia, Colombo, PR, Brasil) e água ad libitum, 24 

com ciclo de luz escura de 12 horas à temperatura ambiente (25 ± 1 °C). 25 
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Indução de úlceras  1 

 A úlcera na cavidade bucal foi induzida mecanicamente na região central do dorso da 2 

língua, sendo os animais previamente anestesiados com Thiopentax® (Tiopental Sódico 3 

30mg/kg, Cristália Produtos Químicos Farmacêuticos Ltda, Itapira, SP, Brasil), via 4 

intraperitoneal. Utilizando um instrumental de corte cilíndrico - punch de 4,0 mm de diâmetro, 5 

Richter® R-806-9-4, (Richter Instrumentos Cirúrgicos Ltda, SP, Brasil) a úlcera foi induzida 6 

realizando-se movimentos de rotação e pressão com o instrumento, aprofundando-o até perceber 7 

resistência (Alonso et al., 2008) e atingir a marcação feita no instrumento para padronizar a 8 

profundidade de 2mm. Os animais receberam dipirona sódica via intramuscular 20 mg /kg 9 

(Boehringer Ingelheim® do Brasil Química e Farmacêutica Ltda, Itapecerica da Serra, SP, 10 

Brasil), durante os primeiros quatro dias, duas vezes ao dia, após a indução da úlcera. 11 

Tratamento Experimental   12 

 Os animais foram distribuídos aleatoriamente em grupo Pau pereira (experimental), 13 

tratado com a solução alcaloide das cascas de G. vellosii (0,0003% de Lupeol, 0,0001% de 14 

Sesamina e 0,0075% de Aspidospermina) e grupo controle, que recebeu a solução de 15 

dimetilsulfóxido - DMSO (Galena®, Campinas, SP, Brasil) sendo ainda subdivididos em cada 16 

grupo, conforme o tempo de tratamento, 2, 7, 14 e 21 dias (Figura 3). Estes, foram tratados com 17 

duas doses diárias (30 mg / kg) de 50 microlitros de solução tópica alcaloide de G. vellosii. As 18 

aplicações foram realizadas com aplicador microbrush descartável (Microbrush® International, 19 

Grafton, WI, USA). Os animais foram eutanasiados por overdose de Thiopentax® (Tiopental 20 

sódico 100mg/kg, Cristália Produtos Químicos Farmacêuticos Ltda, Itapira, SP, Brasil), via 21 

intraperitoneal, aos 2, 7, 14 e 21 dias.  22 

 Coloração dos cortes histológicos 23 

 As línguas foram removidas com lâmina de bisturi número 15 e os espécimes 24 

fixados em formalina a 10% durante 24 horas. Após este tempo, os espécimes foram seccionados 25 
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na linha média do dorso, no sentido longitudinal, processados e emblocados em parafina. Os 1 

cortes foram diafanizados e corados com hematoxilina - eosina (HE) e Picrosirius Red (SR). A 2 

delimitação da área da úlcera (lesão em toda sua extensão), foi realizada com caneta para 3 

retroprojetor azul 1.0 mm (Pilot do Brasil®, São Paulo,SP, Brasil) e as amostras foram extraídas 4 

usando uma broca trefina (Neodent®, Curitiba, PR, Brasil), com 3 mm de diâmetro, acoplada 5 

em um motor de suspensão de 130 watts de Bethil (Prometal® Ind. Met. LTDA, Marília,SP, 6 

Brasil) sendo então posicionadas de acordo com o mapa cartesiano, previamente elaborado, com 7 

a localização de cada amostra para TMA (tissue microarray).  8 

  Análise Quantitativa das Células  9 

 Na coloração HE, as imagens de toda área ulcerada foram capturadas em uma 10 

magnificação de 200x, por um observador, usando a microcâmera Dinolite® acoplada ao 11 

microscópio binocular OLYMPUS BX-50. Os neutrófilos, macrófagos e fibroblastos foram 12 

calculados usando o recurso "Criar ponto" do software UTHSCSA Image Tool versão 3.0 para 13 

Microsoft Windows (Oliveira, Vasconcelos, 2012) e o número foi dividido pelo número de 14 

imagens. Os neutrófilos foram identificados pelo seu padrão de núcleo polimórfico; macrófagos 15 

pela superfície irregular, oval ou núcleo em forma de rim e excêntricos; fibroblastos pela forma 16 

alongada, com algumas expansões citoplasmáticas que se estendem para fora da célula e com 17 

citoplasma basófilo (Garros et al., 2006). 18 

Análise do Colágeno   19 

 Nos cortes corados com SR, quatro imagens aleatórias foram capturadas em um 20 

microscópio Olympus BX-50 equipado com lente polarizada Olympus® U-Pot e microcamera 21 

Dinolite® com ampliação de 200x, por um único observador. Os parâmetros de aquisição de 22 

imagem foram padronizados durante o processo de captura de imagem. As fibras colágenas do 23 

tipo I e III apresentam diferenças na coloração sob polarização. Contra um fundo preto, o 24 

colágeno tipo I (maduro) apresenta fibras espessas com cor vermelho-laranja, enquanto o tipo 25 
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III (imaturo) tem fibras finas verde-amareladas (Garros et al., 2006; Lima et al., 2009). As 1 

imagens foram analisadas com o auxílio do programa Image ProPlus™ 4.5 (Media Cybernetics, 2 

Silver Spring, MD), no qual após a segmentação da imagem foi realizada a mensuração 3 

automática da porcentagem de colágeno tipo I. Os valores finais foram determinados a partir da 4 

média de quatro campos. 5 

Reação Imunohistoquímica para MMP-1, MMP-8 e IL-6 6 

Os cortes histológicos foram desparafinados (xileno, Biotec, Curitiba, PR, Brasil), 7 

hidratados (álcool na diminuição soluções, Biotec®, Curitiba, PR, Brasil) e incubados em 8 

solução de peróxido de hidrogênio (Biotec®, Curitiba, PR, Brasil) e metanol 5% (Biotec®, 9 

Curitiba, PR, Brasil). Este material foi submetido para a recuperação de antígeno com Immuno 10 

Retriver (Dako® Carpinteria, CA, USA), seguido por incubação com anti-MMP-8 (clone: 11 

EP1252Y Abcam, Cambridge, UK); com anti-MMP-1 (clone: EP1247Y Abcam, Cambridge, 12 

UK) e com anti-IL6 (clone: ab9324 Abcam, Cambridge, UK) a 4 ° C durante a noite. A diluição 13 

do anticorpo em diluente de anticorpo es (Dako® Carpinteria, CA, USA código S302283) foi de 14 

1: 200 para a MMP-8, MMP-1 e IL-6. A detecção foi realizada com Advance Link (Dako® 15 

Carpinteria, CA, USA código K406889), seguido pela enzima Dako Advance (Dako® 16 

Carpinteria, CA, USA código K406889), e por cromogênio 3,3'-tetraidrocloreto de 17 

diaminobenzidina (DAB - Sigma Chemical®, St. Louis, MO código D7679). As lâminas foram 18 

contra-coradas por hematoxilina de Harris (Biotec®, Curitiba, PR, Brasil), desidratadas (etanol) 19 

e diafanizadas (xileno). Para controle negativo omitiu-se o anticorpo primário e como controle 20 

positivo a placenta humana foi utilizada para MMP-1 e MMP-8 e pele humana inflamada para 21 

IL-6. 22 

Análise da Imunoexpressão 23 

Utilizando o escaner de lâminas Zeiss Axio Scan.Z1 (Zeiss®, Oberkochen, Alemanha) 24 

as lâminas foram escaneadas e analisadas por um observador. Foram capturadas imagens de cada 25 
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corte abrangendo toda a extensão da úlcera por meio do programa ZEN 2 (Blue Edition® Carls 1 

Zeiss Microscopia GmbH, 2011), na magnificação de 200X.  O tecido epitelial, as fibras 2 

musculares, o tecido adiposo e os artefatos presentes em cada imagem, foram removidos com 3 

Adobe Photoshop® CS6 extended version 13.0 (Jive an Aurea Company®, Foster City, CA, 4 

USA). Considerou-se como imunopositivas, as estruturas ou células coradas em marrom. Para a 5 

análise das imagens, utilizou-se o software Image-Pro Plus 4.5 (Media Cybermetics®, Silver 6 

Spring, MD, USA) e as medidas foram obtidas por segmentação da área de MMP-1, MMP-8 e 7 

IL-6 em micrometros quadrados e da área total de tecido conjuntivo. A fórmula (1) abaixo, foi 8 

utilizada para calcular a percentagem de área imunopositiva: 9 

Á𝑟𝑒𝑎 𝑖𝑚𝑢𝑛𝑜𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑎 ∗100

Á𝑟𝑒𝑎 𝑇𝑜𝑡𝑎𝑙 ( µ𝑚2)
(1) 10 

Para a obtenção da percentagem de área imunopositiva final, foi calculada a média de 11 

todos os valores encontrados das imagens em cada animal.  12 

 Análise estatística 13 

Na análise estatística foi utilizado o programa IBM SPSS Statistics 23.0 (SPSS Inc, 14 

Chicago, IL, USA).  15 

O teste de normalidade de Kolmogorov-Smirnov foi realizado, no qual observou-se que 16 

as variáveis neutrófilos, fibroblastos e colágeno I apresentavam distribuição normal e 17 

macrófagos, não normais. Para todas as variáveis, com exceção dos macrófagos, para comparar 18 

os valores médios da variável nos grupos que apresentaram diferença estatisticamente 19 

significante, o teste ANOVA foi aplicado a dois critérios: modelo fatorial completo. O teste de 20 

homogeneidade de variância de Levene revelou que a variável apresentava variância 21 

heterogênea. Portanto, as comparações entre os grupos foram feitas usando o teste de 22 

comparação paramétrica múltipla da Games-Howell. Para a variável macrófagos, para comparar 23 

os valores médios da variável nos grupos que apresentaram diferença estatisticamente 24 
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significante, foi usado o teste não paramétrico de Kruskal-Wallis e as comparações entre os 1 

grupos foram realizados com Mann-Whitney. 2 

Foi realizado o Teste de Normalidade de Shapiro-Wilk, no qual se observou que as 3 

variáveis MMP-1, MMP-8 e IL-6, apresentaram distribuição normal. Por isto, visando comparar 4 

os valores médios da variável nos grupos que apresentaram diferença estatisticamente 5 

significante realizou-se o teste ANOVA a dois critérios modelo fatorial completo. O teste de 6 

homogeneidade de variâncias de Levene revelou que a variável apresentou variância 7 

heterogênea. Portanto, as comparações entre os grupos foram feitas utilizando-se o teste de 8 

comparações múltiplas paramétricas de Games-Howell. O nível de significância adotado em 9 

todos os testes foi de 5% (p<0,05). 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Resultados 1 

Análise Quantitativa das Células e Colágeno 2 

O grupo Pau pereira em comparação com o grupo DMSO mostrou mais macrófagos e 3 

fibroblastos aos 2 dias (p<0,05). Aos 7 dias, não houve diferença estatística entre o grupo Pau 4 

pereira e DMSO, tanto para o colágeno tipo I, quanto para as células (p>0,05). Observou-se 5 

menos neutrófilos, menos macrófagos, mais fibroblastos aos 14 dias (p<0,05). Menos 6 

neutrófilos, menos macrófagos e mais fibroblastos foram detectados aos 21 dias (p<0,05). A 7 

avaliação de colágeno revelou que houve maior expressão porcentual de colágeno tipo I no grupo 8 

que recebeu a fração de Pau pereira, quando comparado ao grupo DMSO aos 14 dias (p<0,05) 9 

(tabela 1). Destaca-se que houve maior número de fibroblastos aos 2, 14 e 21 dias no grupo Pau 10 

pereira comparado com o DMSO (p<0,05). 11 

Análise da Imunoexpressão de MMP-1, MMP-8 e IL-6 12 

A expressão de MMP-8 foi maior no grupo Pau pereira quando comparado ao grupo 13 

DMSO aos 7 dias (p<0,05). O inverso ocorreu aos 21 dias, sendo a percentagem de expressão 14 

de MMP-8   significativamente menor no grupo Pau pereira quando comparado ao grupo DMSO 15 

(p<0,05). A expressão de MMP-1 foi menor no grupo DMSO, quando comparado ao grupo Pau 16 

pereira aos 14 dias (p<0,05). A IL-6 apresentou maior expressão aos 7 e 14 dias no grupo Pau 17 

pereira quando comparado ao grupo DMSO (p<0,05). O mesmo foi observado aos 14 dias no 18 

grupo Pau Pereira quando comparado ao grupo DMSO (p<0,05) (tabela 2). 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Discussão 1 

Este estudo revelou pela primeira vez na literatura que úlceras tratadas pela fração 2 

alcaloide de Geissospermum vellosii Allemão em comparação com DMSO apresentaram mais 3 

macrófagos e fibroblastos aos 2 dias; maior expressão de MMP-8 e IL-6 aos 7 dias; menos 4 

neutrófilos e macrófagos, mais fibroblastos, colágeno tipo I, MMP-1 e IL-6 aos 14 dias; menos 5 

neutrófilos e MMP-8, mais macrófagos e fibroblastos aos 21 dias. Estes achados sugerem que a 6 

maior expressão de MMP-1, MMP-8 e IL-6 modulam a deposição do colágeno I em estágio 7 

precoce da cicatrização, conferindo maior resistência à ferida. 8 

 Verificamos que após 2 dias, houve maior quimiotaxia de macrófagos no grupo tratado 9 

com Pau pereira, e após esse período, o número foi reduzido consecutivamente até o final do 10 

experimento aos 21 dias. Os macrófagos são células preponderantes na fagocitose na ferida. O 11 

fato deles estarem em maior quantidade logo no início do período de observação, sugere que 12 

alcaloides da planta podem interferir na quimiotaxia de macrófagos, ocasionando maior 13 

infiltração dos mesmos em um período mais precoce (Corrêa et al., 2017).  14 

  Os macrófagos são células que regulam a fase inflamatória do reparo, liberando fatores 15 

de crescimento e citocinas, como PDGF (fator de crescimento derivado de plaqueta), TGF-ß 16 

(fator de crescimento tumoral beta), ß-FGF (fator de crescimento fibroblatos-beta, TNF-α (fator 17 

de necrose tumoral alfa), IL-1 (interleucina-1) e IL-6 (interleucina-6), que ajudam na fase 18 

proliferativa da cicatrização, por induzirem a proliferação de fibroblastos (Patel et al., 2016). 19 

Assim, quanto mais macrófagos, maior a liberação de fatores de crescimento e citocinas, que 20 

atuam sobre a migração e proliferação de fibroblastos. O número de fibroblastos teve maior 21 

aumento no grupo que recebeu os alcaloides. Após 14 dias de observação, o número observado 22 

de fibroblastos foi duas vezes maior no grupo Pau pereira em comparação com o grupo DMSO. 23 

Esse aumento no número de fibroblastos sugere efeito cicatrizante do Pau pereira, pois estas 24 

células sintetizam a matriz de colágeno. Portanto, o aumento dos fibroblastos, 25 
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consequentemente, levará ao aumento da produção de colágeno (Martins et al., 2009; Werner et 1 

al., 2009). Aos 14 dias no grupo Pau pereira, houve maior área de colágeno tipo I, que é um 2 

colágeno maduro, que confere maior resistência à ferida no estágio inicial do processo de 3 

cicatrização, reforçando os achados da ação reparadora dessa fração em nosso modelo 4 

experimental. 5 

A maior expressão de IL-6 aos 7 e 14 dias verificado no grupo Pau pereira, corrobora 6 

com o maior número de fibroblastos aos 14 e 21 dias e maior deposição de fibras colágenas I no 7 

grupo Pau pereira aos 14 dias, pois uma das várias funções da IL-6, inclui a de promover a 8 

migração e proliferação de fibroblastos (Patel et al., 2016).  Assim, IL-6 influenciou na migração 9 

e proliferação de fibroblastos, que depositaram colágeno tipo I precocemente no processo de 10 

reparo. 11 

A MMP-1 é a colagenase responsável pela degradação do colágeno tipo III. Durante o 12 

processo de uma injúria, normalmente ela é produzida e secretada em estágios mais tardios, na 13 

fase de remodelação da cicatrização (Armstrong, Jude, 2002). Porém, neste estudo, verificou-se 14 

a maior expressão de MMP-1 aos 14 dias no grupo Pau pereira. Este fato sugere um efeito 15 

cicatrizante da fração de Pau Pereira que acelerou a degradação do colágeno tipo III em fase 16 

precoce do processo de cicatrização, por meio da MMP-1. Esta metaloproteinase, tem maior 17 

predileção por degradar o colágeno imaturo (Armstrong, Jude, 2002), o que permitiu a 18 

substituição do mesmo por colágeno tipo I, conferindo maior resistência à ferida aos 14 dias. 19 

Este resultado está associado ao aumento da expressão de MMP-8 aos 7 dias, no grupo Pau 20 

pereira, que se equivaleu aos 14 dias e reduziu aos 21 dias quando comparado ao grupo DMSO.  21 

 Pesquisas sobre o papel das metaloproteinases na cicatrização, apontam que 22 

concentrações mais altas de MMP-8, como visto no grupo Pau pereira aos 7 dias, são necessárias 23 

na ferida nesta etapa para atuar na remodelação da matriz extracelular (Nwomeh et al., 1999). 24 

Este quadro sugestivo da aceleração da remodelação pela MMP-8 aos 7 dias associada com 25 
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maior expressão da MMP-1 aos 14 dias permitiu maior expressão de colágeno tipo I (colágeno 1 

mais resistente) aos 14 dias no grupo Pau pereira, quando comparado ao grupo DMSO. Desta 2 

forma, a fração alcaloide de Geissospermum vellosii Allemão, Pau pereira, acelerou o processo 3 

de remodelação proporcionando maior deposição de colágeno tipo I, conferindo resistência à 4 

ferida em estágio precoce. Aos 21 dias a queda da MMP-8 também indica a aceleração o 5 

processo de remodelação, pois neste período não há mais necessidade de maior síntese de MMP-6 

8. 7 

 Estudos precisam ser realizados com a finalidade de elucidar o mecanismo de ação da 8 

fração alcaloide do Pau pereira, para verificar como ocorre a interação com a MMP-1, MMP-8 9 

e IL-6 na cicatrização de feridas bucais frente ao tratamento com os alcaloides em estudos 10 

clínicos, já que o presente estudo foi realizado em animais. 11 

Os resultados evidenciaram  que a  fração alcaloide de Geissospermum vellosii Allemão  12 

Pau pereira, é um agente promissor para o tratamento de lesões ulceradas em mucosa bucal, pois 13 

facilita o processo de cicatrização de úlceras em línguas de ratos. Isto se deve, pelo menos em 14 

parte à maior expressão de MMP-8, MMP-1 e IL-6 que modulou a maior proliferação de 15 

fibroblastos, com deposição do colágeno tipo I em um estágio precoce, conferindo maior 16 

resistência à ferida.  17 
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Tabela 1 Percentagem de expressão de colágeno do tipo I e o número de fibroblastos, neutrófilos 1 

e macrófagos nos grupos Pau pereira (experimental) e DMSO (controle) aos 2, 7, 14 e 21 dias 2 

(média ± desvio padrão) 3 

ANOVA 2 fatores p<0,05; *Games-Howell, em negrito valor de p<0,05; M= média; DP = desvio 4 

padrão; DMSO (dimetilsulfóxido). Mann-Whitney e Kruskal-Wallis p<0,05 para a variável 5 

macrófago. 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

Variável Grupo Tempo 

  2 dias 

 (M±DP) 

7 dias 

(M±DP) 

14 dias 

(M±DP) 

21dias 

(M±DP) 

Colágeno   I Pau pereira (%) 29,96 ± 11,54 31,58 ± 8,18 28,01±2,09 35,97±5,60 

 DMSO (%) 35,44 ± 11,68 32,36± 3,25 26,06±0,37 33,11±7,97 

 p* valor 0,94 1,00 0,03 0,98 

Fibroblastos Pau pereira 3,06±0,95 4,71±1,33 15,12±3,46 13,5±2,72 

 DMSO  0,81±0,37 3,37±0,95 7,87±2,30 8,56±1,87 

 p* valor  0,002 0,3524 0,057 0,0176 

Neutrófilos 

 

 

Pau pereira  

DMSO  

p * valor 

27,53±3,98 

49,97±19,94 

0,1645 

21,28±7,63 

14,33±6,34 

0,5261 

1,53±0,99 

2,97±1,49 

0,000 

0,44±0,50 

2,28±0,83 

0,0032 

Macrófagos Pau pereira 12,25±1,79 4,84±1,72 0,69±0,50 0,0±0,0 

 DMSO 

p * valor 

7,69±2,24 

0,000 

5,42±1,44 

0,99 

2,83±0,32 

0,000 

1,41±0,61 

0,000 
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Tabela 2 Percentagem da expressão de MMP-1, MMP-8 e IL-6 nos grupos Pau pereira 1 

(experimental) e DMSO (controle), aos 2, 7, 14 e 21 dias (média ± desvio padrão) 2 

ANOVA 2 fatores:  MMP-1 p=0,003; MMP-8 p<0,00 e IL-6 p=0,01.   *Games-Howell, em negrito valor 3 

de p<0,05; M= média; DP= desvio padrão; DMSO (dimetilsulfóxido). 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

Variável Grupo Tempo 

  2 dias 

(M±DP) 

7 dias 

(M±DP) 

14 dias 

(M±DP) 

21 dias 

(M±DP) 

MMP-1 Pau pereira (%) 3,05±1,15 5,63 ±2,96 5,01±2,73 3,95±1,72 

 DMSO (%) 2,52 ±1,48 5,44 ± 2,41 2,62 ± 1,58 3,18±0,66 

 p* valor 0,96 1,0 0,02 0,84 

MMP-8 Pau pereira (%) 13,44± 3,59 7,24±1,79 5,70±1,40 1,95± 0,10 

 DMSO (%) 27,76±15,78 2,78±0,54 4,31±0,84 4,43± 0,64 

 p* valor 0,29 0,0019 0,32 0,0019 

IL-6 Pau pereira (%) 2,78±0,70 9,32±1,93 10,93±1,63 6,90±0,89 

 DMSO (%) 2,68±1,16 4,96±2,80 6,16±3,35 4,28± 2,67 

 p* valor 1,00 0,0485 0,00 0,4208 
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Figura 1 Esquema adaptado do desenho experimental para a obtenção da fração alcaloide de 23 

Geissospermum vellosii Allemão (Dias, 2012). 24 
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 Figura 2 Estruturas moleculares das substâncias (1) lupeol (C30H50O), (2) (+)- sesamina 1 

(C20H18O6) e (3) (+)-aspidospermina (C22H30N2O2) isoladas da fração diclorometano de 2 

Geissospermum vellosii Allemão (Dias, 2012). 3 
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Figura 3 Distribuição do número de animais nos grupos Pau pereira e  DMSO (dimetilsulfóxido) 13 

nos dias 2, 7, 14 e 21. 14 
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 1 

Figura 4 Fotomicrografias do tecido de reparação do grupo Pau pereira em comparação ao grupo 2 

DMSO. Macrófagos e fibroblastos aos 2 dias (A e B, HE, 200x); neutrófilos, macrófagos e 3 

fibroblastos (C e D, HE, 200x), colágeno tipo I (G e H, SR, 200x) aos 14 dias; neutrófilos, 4 

macrófafos e fibroblastos (E e F, HE, 200x) aos 21 dias. 5 
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 1 

Figura 5 Fotomicrografias do tecido de reparação. (A)  imunoexpressão MMP-8 (marrom) aos 2 

7 dias no grupo Pau Pereira e (B)  no grupo DMSO; (C) expressão de MMP-8 no grupo Pau 3 

pereira e (D) grupo DMSO; expressão IL-6 (marrom) aos 7 dias no grupo Pau Pereira  (E) e (F) 4 

grupo DMSO, e aos 14 dias (G) grupo Pau Pereira e (H) grupo DMSO; e Imunoexpressão MMP-5 

1 (marrom) aos 14 dias, nos grupos Pau Pereira (I)  e (J) DMSO (Imunohistoquímica, 200x). 6 

 7 
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Abstract 1 

The action of alkaloid fraction extracted from barks of Geissospermum vellosii Allemão, “Pau 2 

pereira”, in the repair process of oral ulcers in rats was evaluated. By using a micro punch of 4.0 3 

mm, ulcers on 48 male Wistar rats’ tongue surface were induced mechanically and then treated 4 

with 30mg/kg-50 μL of alkaloide fraction of G. vellosii (Pau pereira group) or dimethylsulfoxide 5 

(DMSO group), twice a day. The animals were killed after 2, 7, 14 and 21 days. The tongue were 6 

processed and embedded in paraffin. From the blocks, slides were obtained stained by 7 

hematoxylin eosin, Picrosirius Red and submitted to immunohistochemistry for 8 

metalloproteinase 1 (MMP-1) and 8 (MMP-8), interleukin 6 (IL-6). The images were captured 9 

and analyzed on morphometric computer program obtaining the number of neutrophils, 10 

macrophages and fibroblasts; percentage of collagen type I; and the percentage of 11 

immunopositive area for MMP-, MMP-8 and IL-6 (area/ conjunctive tissue). Kruskal-Wallis, 12 

Mann-Whitney, ANOVA two-way and Games-Howell were used with 5% significance. Ulcers 13 

treated by G. vellosii alkaloid fraction in comparision with DMSO group showed more 14 

macrophages and fibroblasts in two days; higher expression of MMP-8 and IL-6 in seven days; 15 

less neutrophils and macrophages, more fibroblasts, collagen type 1, MMP-1 e IL-6 in fourteen 16 

days; less neutrophils and MMP-8, more macrophages and fibroblasts in twenty-one days. These 17 

findings suggest that the major expression of MMP-1, MMP-8 and IL-6 modulated the major 18 

deposition of collagen I in early stage of healing process, making the wound more resistant.    19 

Key-words: Geissospermum vellosii. Oral Ulcer. Wound healing. 
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Introduction 1 

Oral ulcers affect approximately 25% of world’s population; they are painful and impact 2 

negatively on people’s quality life (Scully and Porter, 2008). Topical corticosteroids are 3 

traditional drugs used to treat oral ulcers, however this treatment reduces only symptoms and 4 

don’t reduce healing time (Kumar et al., 2004; Martins et al., 2009).  5 

The healing on oral mucosa is a complex process that involves the cellular and molecular 6 

activation and interaction on different stages, as coagulation, inflammation, proliferation and 7 

cellular migration, extracellular matrix deposition, epithelization and tissue remodelation (Vyas, 8 

Vasconez, 2014; Basso et al., 2016). During this process, collagen type III (immature) is 9 

deposited in the injury site, being replaced along healing, by collagen type I (mature), that 10 

provides resistance to the wound (Antonio, 2005). 11 

The concentration of cytokines and matrix metalloproteinase (MMPs) are local factors 12 

that may influence the healing stages. Some groups of cytokines are related to repair process, 13 

mainly promoting cell migration and proliferation (Joshi et al., 2016), being the interleukin-6 14 

(IL-6), a biomarker, a multifunctional cytokine that participates in inflammatory responses (Sims 15 

et al., 2016) and it is produced by monocytes, macrophages, endothelial cells, fibroblasts, T and 16 

B activated cells (Sun et al.,2002; Gill et al., 2008). It is first released by macrophages and 17 

lymphocytes in response to an injury and plays an important role in wound healing, also 18 

demonstrating induction and proliferation of fibroblasts (Xue et al., 2000). 19 

The main MMPs involved in wound repair are collagenase MMP-1, MMP-8, MMP-13, 20 

which degrade the extracellular matrix, act on the proliferation of blood vessels, remodeling of 21 

connective tissue and regulating the activity of inflammatory factors growth. These MMPs are 22 

secreted mainly by neutrophils, keratinocytes, macrophages and fibroblasts (Gajendrareddy et 23 

al., 2013). 24 

 25 
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The alkaloids have been used in the healing process of gastric ulcers induced in animals’ 1 

models experiment (Falcão et al., 2008; Li et al., 2016). As in the gastric mucosa, the 2 

incorporation of medicinal plants extracts in the development of medicines the help in tissue 3 

healing can be an alternative treatment for oral ulcers (Mendes et al., 2008; Bettega et al., 2011; 4 

Silva et al., 2017). 5 

Geissospermum vellosii Allemão specie, belonging to Apocynaceae family, is a tree 6 

found on Amazon forest, popularly known as “Pau pereira”, its barks if source of monoterpenoid 7 

indole alkaloids, responsible for therapeutic activities as antinociceptive, antimicrobial, 8 

antimalarial, anticancer, anti-inflammatory, and it has been studied for the treatment of HIV 9 

infection (Mbeunkui et al., 2012; Camargo et al., 2013; Ramos et al., 2017).  10 

Despite the alkaloids, present in the barks of Pau pereira, present numerous biological 11 

activities, among them anti-inflammatory (Lima et al., 2016), to our knowledge, there are no 12 

studies that evaluate the alkaloid fraction of Pau pereira in the healing process of oral ulcers. 13 

Considering that ulcerations in the oral mucosa are common, cause a lot of pain and discomfort 14 

to the individual (Compilato, 2009; Sukhitashvili et al., 2012) and the lack of studies to verify 15 

the biological activities of the alkaloids of Geissospermum vellosii Allemão in mucosal lesions, 16 

the healing effect of the alkaloid fraction of this medicinal plant on mouth mucosa ulcers in rats 17 

was evaluated. For this, the cells involved in inflammation and the tissue repair process, such as 18 

neutrophils, macrophages, fibroblasts, as well as the expression of type I collagen and the 19 

immunoexpression of IL-6, MMP-1 and MMP-8, biomarkers involved in the repair process, 20 

were quantitatively analyzed.  21 

 22 

 23 

 24 

 25 
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Material and Methods  1 

 Plant  2 

The bark of Geissospermum vellosii Allemão (Apocynaceae) was purchased from 3 

Quimer Herbs and Spices Comercial Ltda (SP - Brazil). The identification was made by 4 

comparison with species registered at the Botanical Museum of Curitiba, under number 36060 5 

(Brazil). 6 

Obtaining the alkaloids fraction of Geissospermum vellosii Allemão  7 

The extraction process of the crude ethanol extract (EE) of the plant bark, its 8 

dichloromethane (DCMF), ethyl acetate (FEA), butanol (BF) and hydroalcoholic fractions 9 

(HAF), as well as the isolation and identification of substances alkaloids in the dichloromethane 10 

fraction. Figure1 shows the experimental design to obtain EE, DCMF, FEA, BF and HAF 11 

fractions, isolation and identification of the substances in the FDCM. Figure 2 shows the 12 

molecular structures of substances (1) Lupeol, (2) Sesamin and (3) Aspidospermin isolated from 13 

the dichloromethane fraction of Geissospermum vellosii Allemão thus composing the alkaloid 14 

fraction that was used in the experiment with the animals of this research (Dias, 2012). 15 

Animals 16 

The research was approved by the Committee on Ethics in Animal Use (CEUA - 17 

01043/2016 - PUCPR), following, throughout the experiment, the standards established by the 18 

National Council for Control of Animal Experimentation - CONCEA, as well as the 19 

standardization of PUCPR. A total of 48 male Wistar rats, aged between 45 and 50 days and 20 

body mass of approximately 200 grams, were used in the Biotério Central of the Pontifical 21 

Catholic University of Paraná, Curitiba, PR, Brazil. The animals were fed with Nuvilab® CR-1 22 

(Nuvital Nutrientes S A-Quimtia, Colombo, PR, Brazil) and water ad libitum, with a dark light 23 

cycle of 12 hours at room temperature (25 ± 1 ° C). 24 

 25 
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Induction of ulcers 1 

The lesions in the oral cavity were mechanically induced in the central region of the 2 

tongue surface, and the animals were previously anesthetized with Thiopentax® (Tiopental 3 

Sódico 30mg/kg, Cristália Produtos Químicos Farmacêuticos Ltda, Itapira, SP, Brazil) by 4 

intraperitoneal. Using a 4.0 mm diameter punch-cutting instrument - Richter® R-806-9-4 5 

(Richter Instrumentos Cirúrgicos Ltda, SP, Brazil) – performing pressure and rotation 6 

movements with the instrument (Alonso et al., 2008) and, to standardize the depth, a mark 2 mm 7 

was made in the instrument. The animals received sodium dipyrone intramuscularly 20 mg / kg 8 

(Boehringer Ingelheim® do Brasil Química e Farmacêutica Ltda, Itapecerica da Serra, SP, 9 

Brazil), during the first four days after induction of ulcers. 10 

Experimental Treatment 11 

The animals were randomly assigned to the Pau pereira group (experimental), treated 12 

with the alkaloid solution of Geissospermum vellosii Allemão, and the control group, which 13 

received the dimethylsulfoxide - DMSO solution (Galena ®, Campinas, SP, Brazil), and 14 

subdivided according to the treatment time, 2, 7, 14 and 21 days (Figure 3). These were treated 15 

with two daily doses (30 mg / kg) of 50 microliters of topical alkaloid solution of Geissospermum 16 

vellosii Allemão - Pau pereira. The applications were performed with a disposable microbrush 17 

applicator (Microbrush® International, Grafton, WI, USA). The animals were killed by 18 

intraperitoneal overdosage of Thiopentax® (Thiopental sodium 100mg / kg, Cristália Produtos 19 

Químicos Farmacêuticos Ltda, Itapira, SP, Brazil) at 2, 7, 14 and 21 days.  20 

Histological slides staining 21 

After the animals died, the tongues were removed with a 15-knife scalpel and the 22 

specimens fixed in 10% formalin for 24 hours. After this time, the specimens were sectioned in 23 

the midline of the dorsum, longitudinally, processed and embedded in paraffin. The sections 24 

were diaphanized and stained with hematoxylin - eosin (HE) and Picrosirius Red (SR). The 25 
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delimitation of the ulcer area (lesion in all its extension) was performed with 1.0 mm blue 1 

overhead pen (Pilot do Brasil®, São Paulo, SP, Brazil) and the samples were extracted using a 2 

trephine drill (Neodent®, Curitiba, PR, Brazil), with 3 mm diameter, coupled to a 130watt 3 

suspension motor from Bethil (Prometal® Ind. Met. LTDA, Marília, SP, Brazil) and then 4 

positioned according to the cartesian map, with the location of each sample for TMA (tissue 5 

microarray). 6 

Quantitative Analysis of Cells 7 

In HE staining, images of the entire ulcerated area were captured at a magnification of 8 

200x using the Dinolite® microchamber coupled to the OLYMPUS BX-50 binocular 9 

microscope. The neutrophils, macrophages, fibroblasts were counted using the "Create point" 10 

feature of the UTHSCSA Image Tool version 3.0 software for Microsoft Windows (Oliveira, 11 

Vasconcelos 2012) and the number was divided by the number of images. Neutrophils were 12 

identified by their polymorphic nucleus pattern; macrophages by an irregular, oval or nucleus-13 

shaped surface of the kidney and eccentrics (Garros et al., 2006). 14 

Collagen Analysis 15 

In SR-stained sections, four random images were captured on an Olympus BX-50 16 

microscope equipped with an Olympus® U-Pot polarized lens and a 200x magnification 17 

Dinolite® microcamera by a single observer. The image acquisition parameters were 18 

standardized during the image capture process. Collagen fibers type I and III exhibit differences 19 

in staining under polarization. In contrast to a black background, type I collagen (mature) has 20 

thick red-orange fibers, while type III (immature) has fine yellow-green fibers (Garros et al., 21 

2006; Lima et al., 2009). The images were analyzed with Image ProPlus ™ 4.5 program (Media 22 

Cybernetics, Silver Spring, MD). After the image segmentation the automatic measurement of 23 

the percentage of type I collagen was performed. The final values were determined from average 24 

of four fields. 25 
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Immunohistochemical Reaction for MMP-1, MMP-8 and IL-6 1 

The histological sections were dewaxed, (xylene, Biotec, Curitiba, PR, Brazil), and 2 

incubated in hydrogen peroxide solution (Biotec®, Curitiba, PR, Brazil) Brazil) and 5% 3 

methanol (Biotec®, Curitiba, PR, Brazil). This material was subjected to antigen retrieval with 4 

Immuno Retriver (Dako® Carpinteria, CA, USA), followed by incubation with anti-MMP-8 5 

(clone: EP1252Y Abcam, Cambridge, UK); with anti-MMP-1 (clone: EP1247Y Abcam, 6 

Cambridge, UK) and with anti-IL6 (clone: ab9324 Abcam, Cambridge, UK) at 4 ° C overnight. 7 

Dilution of the antibody in antibody diluent (Dako® Carpinteria, CA, USA code S302283) was 8 

1: 200 for MMP-8, MMP-1 and IL-6. The detection was performed with Advance Link (Dako® 9 

Carpinteria, CA, USA code K406889), followed by the enzyme Dako Advance (Dako® 10 

Carpinteria, CA, USA code K406889), and by chromogen 3,3'-diaminobenzidine 11 

tetrahydrochloride (DAB- Sigma Chemical®, St. Louis, MO code D7679). The slides were 12 

counterstained by Harris hematoxylin (Biotec®, Curitiba, PR, Brazil), dehydrated (ethanol) and 13 

diaphanized (xylene). For negative control the primary antibody was omitted and as a positive 14 

control the human placenta was used for MMP-1 and MMP-8 and human skin inflamed for IL-15 

6. 16 

ImmunoExpression Analysis 17 

Using the Zeiss Axio Scan.Z1 slide scanner (Zeiss®, Oberkochen, Germany) the slides 18 

were scanned and analyzed by a single observer. Images of each cut covering the entire extent 19 

of the ulcer were captured through the ZEN 2 program (Blue Edition® Carls Zeiss Microscopy 20 

GmbH, 2011), at magnification of 200X. The epithelial tissue, muscle fibers, adipose tissue and 21 

artifacts present in each image were removed with Adobe Photoshop® CS6 extended version 22 

13.0 (Jive an Aurea Company®, Foster City, CA, USA). The cells or stained cells in brown were 23 

considered as immunopositive. Image-Pro Plus 4.5 software (Media Cybermetics®, Silver 24 

Spring, MD, USA) was used for image analysis and measurements were obtained by segmenting 25 
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the MMP-1, MMP-8 and IL-6 square micrometers and the total area of connective tissue. The 1 

formula (1) below was used to calculate the percentage of immunopositive area: 2 

𝐼𝑚𝑚𝑢𝑛𝑜𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎∗100

 𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎 ( µ𝑚2)
(1) 3 

To obtain the percentage of final immunopositive area, the average of all values of the 4 

images in each animal was calculated. 5 

Statistical analysis 6 

In the statistical analysis we used the program IBM SPSS Statistics 23.0 (SPSS Inc, 7 

Chicago, IL, USA).  8 

The Kolmogorov-Smirnov normality test was performed and variables neutrophils, 9 

fibroblasts and collagen type I showed normal distribution and macrophages non-normal. For 10 

all variables, with the exception of macrophages, to compare the mean values of the variable in 11 

the groups that presented a statistically significant difference, the ANOVA test was applied to 12 

two criteria: a complete factorial model. The homogeneity test of Levene’s variance revealed 13 

that the variable presented heterogeneous variance. Therefore, comparisons between groups 14 

were made using Games-Howell's multiple parametric comparison test. For the variable 15 

macrophages, the nonparametric Kruskal-Wallis test was used to compare the mean values of 16 

the variable in the groups that presented a statistically significant difference and the comparisons 17 

between the groups were performed with Mann-Whitney.  18 

The Shapiro-Wilk Normality Test was performed, in which the variables IL-6, MMP-8 19 

and MMP-1 were found to be normal. Therefore, in order to compare the mean values of the 20 

variable in the groups that presented a statistically significant difference, the ANOVA test was 21 

applied to two criteria: a full factorial model. The Levene variance homogeneity test revealed 22 

that the variable presented heterogeneous variance. Therefore, comparisons between the groups 23 

were made using Games-Howell's multiple parametric comparison test. The level of significance 24 

adopted in all tests was 5% (p <0.05). 25 
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Results 1 

 Quantitative Analysis of Cells and Collagen 2 

The Pau pereira group compared to the DMSO group showed more macrophages and 3 

fibroblasts at 2 days; at 7 days, there was no statistical difference between the Pau pereira 4 

group and DMSO, both for type I collagen and for the cells; fewer neutrophils, fewer 5 

macrophages, and more fibroblasts were observed at 14 days; less neutrophils, fewer 6 

macrophages and more fibroblasts at 21 days. The collagen evaluation showed that there was 7 

a greater expression of the percentage of type I collagen in the group that received Pau pereira 8 

fraction when compared to DMSO group at 14 days (table 1). It is noteworthy that there was 9 

greater number of fibroblasts at 2, 14 and 21 days in the Pau pereira group compared to 10 

DMSO. 11 

Analysis of Immunoexpression of MMP-1, MMP-8 and IL-6 12 

The expression of MMP-8 was higher in the Pau pereira group when compared to the 13 

DMSO group at 7 days. The reverse occurred at 21 days and the percentage of MMP-8 14 

expression was significantly lower in the Pau pereira group when compared to the DMSO 15 

group. The expression of MMP-1 was lower in the DMSO group when compared to the Pau 16 

Pereira group at the 14 days. The IL-6 demonstrated higher expression at the 7 and 14 days 17 

to the Pau Pereira group when compared to the DMSO group. The same was verified at the 18 

14 days to the Pau Pereira group when compared to the DMSO group (table 2). 19 

 20 

 21 

 22 

 23 

 24 

 25 
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 Discussion 1 

This study revealed for the first time in the literature that the ulcers treated by the alkaloid 2 

fraction of Geissospermum vellosii Allemão in comparison with DMSO presented more 3 

macrophages and fibroblasts at 2 days; higher expression of MMP-8 and IL-6 at 7 days; less 4 

neutrophils and macrophages, plus fibroblasts, type I collagen, MMP-1 and IL-6 at 14 days; less 5 

neutrophils and MMP-8, plus macrophages and fibroblasts at 21 days. These findings suggest 6 

that increased expression of MMP-1, MMP-8 and IL-6 modulated the increased deposition of 7 

collagen I in the early stage of healing, conferring greater wound resistance. 8 

It was verified that after 2 days, there was a greater chemotaxis of macrophages in the 9 

group treated with Pau pereira, after which the number was consecutively reduced until the end 10 

of the experiment (21 days). Macrophages are preponderant cells in wound phagocytosis. The 11 

fact that they are in greater quantity at the beginning of the observation period suggests that the 12 

alkaloid solution of the plant may be interfering with the chemotaxis of macrophages, causing a 13 

greater infiltration of the same in an earlier period (Corrêa et al., 2017). 14 

Macrophages are cells that regulate the inflammatory phase of the repair, releasing 15 

growth factors and cytokines such as PDGF (platelet-derived growth factor), TGF-β (tumor 16 

growth factor beta), β-FGF (fibroblast- (TNF-alpha), IL-1 (interleukin-1), and IL-6 (interleukin-17 

6), which help in the proliferative phase of healing by inducing fibroblast proliferation (Patel et 18 

al. 2016). Thus, the more macrophages, the greater the release of growth factors and cytokines, 19 

which act on the migration and proliferation of fibroblasts. The number of fibroblasts had a 20 

higher increase in the group that received the alkaloid. After 14 days of observation, the observed 21 

number of fibroblasts was twice as high in the Pau pereira group compared to the DMSO group. 22 

This increase in the number of fibroblasts suggests a healing effect of Pau pereira, because these 23 

cells synthesize the collagen matrix. Therefore, the increase of fibroblasts, consequently, will 24 

lead to an increase in the production of collagen (Martins et al., 2009; Werner et al., 2009). There 25 
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was a greater area of type I collagen at 14 days in the Pau pereira group, which is a mature 1 

collagen, conferring greater resistance to the wound in the initial stage of the healing process, 2 

reinforcing the findings of the repairing action of this fraction in our experimental model. 3 

The higher expression of IL-6 at 7 and 14 days in the Pau pereira group compared to the 4 

DMSO group corroborates the highest number of fibroblasts at 14 and 21 days and the highest 5 

deposition of collagen fibers I in the Pau pereira group at 14 days, because among the various 6 

functions of IL-6, is to promote fibroblast migration and proliferation (Patel et al., 2016). Thus, 7 

IL-6 influenced the migration and proliferation of fibroblasts, which deposited type I collagen 8 

early in the repair process.  9 

MMP-1 is the collagenase responsible for the degradation of type III collagen. During 10 

the process of injury it is usually produced and secreted in later stages in the remodeling phase 11 

of healing (Armstrong, Jude, 2002). However, in this study, the highest expression of MMP-1 12 

at 14 days in the Pau pereira group was verified. This fact suggests a healing effect of the Pau 13 

Pereira fraction that accelerated the degradation of type III collagen in the early stage of the 14 

healing process, through MMP-1. This metalloproteinase has a greater predilection for degrading 15 

immature collagen (Armstrong, Jude, 2002), which allowed the replacement of the same by type 16 

I collagen, conferring greater resistance to the wound at 14 days. This result is associated to the 17 

increase in MMP-8 expression at 7 days, the Pau pereira group, which was equivalent to 14 days 18 

and reduced to 21 days when compared to the DMSO group. Researches about the role of 19 

metalloproteinase in wound healing head to the fact that higher concentrations of MMP-8, as 20 

seen in Pau Pereira group in seven days, are needed in this stage to act on remodelation of 21 

extracellular matrix (Nwomeh et al., 1999). It suggests that the acceleration of remodeling by 22 

MMP-8 at 7 days associated with greater expression of MMP-1 at 14 days allowed a greater 23 

expression of type I collagen (resistant collagen) at 14 days in the Pau pereira group when 24 

compared to DMSO group. In this way, the alkaloid fraction of Geissospermum vellosii 25 
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Allemão, Pau pereira, accelerated the remodeling process, providing a greater deposition of type 1 

I collagen, conferring resistance to the wound in an early stage. At 21 days, the decrease in 2 

MMP-8 also indicates the acceleration of the remodeling process, since there is no need for 3 

further synthesis of MMP-8 in this period. 4 

However, another studies have to be carried out to elucidate the mechanism of action of 5 

the Pau pereira alkaloid fraction, to verify the interaction with MMP-1, MMP-8 and IL-6 in the 6 

healing of oral wounds compared to treatment with the alkaloids in clinical studies with humans, 7 

since the present study was conducted in animals. 8 

The results evidenced the alkaloid fraction of Geissospermum vellosii Allemão "Pau 9 

pereira" as a new agent for the treatment of ulcerated lesions in the oral mucosa, as it is a 10 

facilitator of the healing process of ulcers in rat tongue, showing a great potential in the treatment 11 

of mouth ulcerations. This is due, at least in part, to the greater expression of MMP-1, MMP-8 12 

and IL-6 that modulated the increased proliferation of fibroblasts, with early type I collagen 13 

deposition, conferring greater resistance to the wound. 14 

 15 
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Table 1 Percentage of collagen type I expression and number of fibroblasts, neutrophils and 1 

macrophages in the Pau pereira (experimental) and DMSO (control) groups at 2, 7, 14 and 21 2 

days (mean ± standard deviation) 3 

Variable Group Time 

  2 days 

(M±SD) 

7 days 

(M±SD) 

14 days 

(M±SD) 

21 days 

(M±SD) 

Colagen   I Pau pereira (%) 29,96 ± 11,54 31,58 ± 8,18 28,01±2,09 35,97±5,60 

 DMSO (%) 35,44 ± 11,68 32,36± 3,25 26,06±0,37 33,11±7,97 

 p* value 0,94 1,00 0,03 0,98 

Fibroblasts Pau pereira (%) 3,06±0,95 4,71±1,33 15,12±3,46 13,5±2,72 

 DMSO (%) 0,81±0,37 3,37±0,95 7,87±2,30 8,56±1,87 

 p* value  0,002 0,3524 0,057 0,0176 

Neutrophils 

 

Pau pereira (%)  

DMSO (%) 

p * value 

27,53±3,98 

49,97±19,94 

0,1645 

21,28±7,63 

14,33±6,34 

0,5261 

1,53±0,99 

2,97±1,49 

0,000 

0,44±0,50 

2,28±0,83 

0,0032 

Macrophages Pau pereira (%) 12,25±1,79 4,84±1,72 0,69±0,50 0,0±0,0 

 DMSO (%) 

p * value 

7,69±2,24 

0,000 

5,42±1,44 

0,99 

2,83±0,32 

0,000 

1,41±0,61 

0,000 

ANOVA two criteria p <0.05; * Games-Howell, bold value of p <0.05. Kruskal-Wallis and 4 

Mann-Whitney for the variable macrophages, bold value of p <0.05. M = average; SD = standard 5 

deviation; DMSO (dimethylsulfoxide). 6 

 7 

 8 

 9 

 10 

 11 

 12 
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Table 2 Percentage of expression of MMP-8, IL-6 and MMP-1 in the Pau pereira (experimental) 1 

and DMSO (control) groups at 2, 7, 14 and 21 days (mean ± standard deviation) 2 

ANOVA two criteria: MMP-1 p = 0.003, MMP-8 p <0.00, and IL-6 p = 0.01. * Games-Howell, 3 

bold value of p <0.05; M = average; SD = standard deviation; DMSO (dimethylsulfoxide). 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

Variable Group Time 

  2 dias 
(M±SD) 

7 dias 
(M±SD) 

14 dias 
(M±SD) 

21 dias 
(M±SD) 

MMP-1 Pau pereira (%) 3,05±1,15 5,63 ±2,96 5,01±2,73 3,95±1,72 

 DMSO (%) 2,52 ±1,48 5,44 ± 2,41 2,62 ± 1,58 3,18±0,66 

 p* valor 0,96 1,0 0,02 0,84 

MMP-8 Pau pereira (%) 13,44± 3,59 7,24±1,79 5,70±1,40 1,95± 0,10 

 DMSO (%) 27,76±15,78 2,78±0,54 4,31±0,84 4,43± 0,64 

 p* valor 0,29 0,0019 0,32 0,0019 

IL-6 Pau pereira (%) 2,78±0,70 9,32±1,93 10,93±1,63 6,90±0,89 

 DMSO (%) 2,68±1,16 4,96±2,80 6,16±3,35 4,28± 2,67 

 p* valor 1,00 0,0485 0,00 0,4208 



 

58 

 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

  17 

 18 

 19 

 20 

 21 

 22 

 23 

Figure 1 Adapted scheme of the experimental design (Dias, 2012) to obtain the alkaloid fraction 24 

of Geissospermum vellosii Allemão. 25 
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 1 

Figure 2 Molecular structures of the substances (1) Lupeol (C30H50O), (2) (+)- Sesamin 2 

(C20H18O6) and (3) (+)– aspidospermin (C22H30N2O2) isolated from the dichloromethane fraction 3 

of Geissospermum vellosii Allemão (Dias, 2012). 4 
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Figure 3 Distribution of the number of animals used in the experimental and control groups on 14 

days 2, 7, 14 and 21. 15 
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Figure 4 Photomicrographs of the repair tissue of the Pau pereira group compared to the 1 

DMSO group. Macrophages and fibroblasts at 2 days (A and B, HE, 200x); neutrophils, 2 

macrophages and fibroblasts (C and D, HE, 200x), Type I collagen (G and H, SR, 200x) at 3 

14 days; neutrophils, macrophages and fibroblasts (E and F, HE, 200x) at 21 days. 4 
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Figure 5 Photomicrographs of repair tissue. (A) MMP-8 immunoexpression (brown) at 7 1 

days in the Pau Pereira group and (B) in the DMSO group; (C) MMP-8 expression in the 2 

Pau pereira group and (D) DMSO group; IL-6 expression (brown) at 7 days in the Pau Pereira 3 

group (E) and (F) DMSO group, and at the 14 days (G) Pau Pereira group and (H) DMSO 4 

group; and MMP-1 immunoexpression (brown) at 14 days in the Pau Pereira (I) and (J) 5 

DMSO groups (Immunohistochemistry, 200x). 6 
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ANEXOS   1 

Parecer do comitê de ética2 
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 Análise estatística 1 

Tests of Normalityc        

Grupo x Tempo   Kolmogorov-Smirnova     
 

 

    Statistic df Valor p 
 

  

Número de Neutrófilos Pau-pereira/2 dias ,251 8 ,146  
  

  Pau-pereira/7 dias ,140 8 ,200*  
  

  Pau-pereira/14 dias ,192 8 ,200*  
  

  Pau-pereira/21 dias ,272 8 ,082  
  

  DMSO/2 dias ,150 8 ,200*  
  

  DMSO/7 dias ,148 8 ,200*  
  

  DMSO/14 dias ,195 8 ,200*  
  

  DMSO/21 dias ,239 8 ,199  
  

Número de Macrófagos Pau-pereira/2 dias ,140 8 ,200*  
  

  Pau-pereira/7 dias ,201 8 ,200*  
  

  Pau-pereira/14 dias ,311 8 ,022  
  

  DMSO/2 dias ,224 8 ,200*  
  

  DMSO/7 dias ,250 8 ,150  
  

  DMSO/14 dias ,250 8 ,150  
  

  DMSO/21 dias ,162 8 ,200*  
  

Número de Fibroblastos Pau-pereira/2 dias ,178 8 ,200*  
  

  Pau-pereira/7 dias ,166 8 ,200*  
  

  Pau-pereira/14 dias ,279 8 ,066  
  

  Pau-pereira/21 dias ,240 8 ,197  
  

  DMSO/2 dias ,192 8 ,200*  
  

  DMSO/7 dias ,250 8 ,150  
  

  DMSO/14 dias ,143 8 ,200*  
  

  DMSO/21 dias ,143 8 ,200*  
  

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

c. Número de Macrófagos is constant when Grupo x Tempo = Pau-pereira/21 dias. It has been omitted. 

Valor p > 0,05 indica distribuição normal 
 

     

        

        

Test of Homogeneity of Variancea 
 

     

    Levene Statistic df1 df2 Valor p 
 

 

Número de Neutrófilos Based on Mean 12,056 7 56 ,000  
 

Número de Macrófagos Based on Mean 4,440 6 49 ,001  
 

Número de Fibroblastos Based on Mean 4,233 7 56 ,001  
 

a. Número de Macrófagos é constante quando Grupo x Tempo = Pau-pereira/21 dias.  
 

 

Valor p <  0,05 indica que a variável apresenta heterogeneidade de variâncias segundo Grupo 
x Tempo 

 
 

 2 
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Descriptives 

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% 
Confidence 
Interval for 

Mean 

Minimum Maximum 
Lower 
Bound 

Upper 
Bound 

Número de 
Neutrófilos 

Pau-pereira 32 12,70 12,80 2,26 8,08 17,31 0,00 34,00 

DMSO 32 17,26 21,91 3,87 9,36 25,16 0,00 76,00 

Total 64 14,98 17,95 2,24 10,50 19,46 0,00 76,00 

Número de 
Macrófagos 

Pau-pereira 32 4,45 5,09 0,90 2,61 6,28 0,00 15,25 

DMSO 32 4,34 2,78 0,49 3,33 5,34 0,50 10,00 

Total 64 4,39 4,07 0,51 3,37 5,41 0,00 15,25 

Número de 
Fibroblastos 

Pau-pereira 32 9,10 5,81 1,03 7,01 11,19 2,00 22,50 

DMSO 32 5,16 3,58 0,63 3,87 6,45 0,25 11,25 

Total 64 7,13 5,18 0,65 5,83 8,42 0,25 22,50 

 
         

Descriptives 

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% 
Confidence 
Interval for 

Mean 

Minimum Maximum 
Lower 
Bound 

Upper 
Bound 

Número de 
Neutrófilos 

2 dias 16 38,50 17,92 4,48 28,95 48,05 21,25 76,00 

7 dias 16 17,81 7,67 1,92 13,72 21,89 3,75 34,00 

14 dias 16 2,25 1,43 0,36 1,49 3,01 0,00 4,33 

21 dias 16 1,36 1,16 0,29 0,74 1,98 0,00 3,75 

Total 64 14,98 17,95 2,24 10,50 19,46 0,00 76,00 

Número de 
Macrófagos 

2 dias 16 9,97 3,06 0,77 8,34 11,60 3,50 15,25 

7 dias 16 5,13 1,56 0,39 4,30 5,96 2,50 7,50 

14 dias 16 1,76 1,18 0,29 1,13 2,39 0,25 3,50 

21 dias 16 0,70 0,84 0,21 0,26 1,15 0,00 2,50 

Total 64 4,39 4,07 0,51 3,37 5,41 0,00 15,25 

Número de 
Fibroblastos 

2 dias 16 1,94 1,36 0,34 1,22 2,66 0,25 4,50 

7 dias 16 4,05 1,32 0,33 3,35 4,75 2,00 6,50 

14 dias 16 11,50 4,70 1,17 9,00 14,00 3,75 22,50 

21 dias 16 11,03 3,41 0,85 9,22 12,85 5,25 16,50 

Total 64 7,13 5,18 0,65 5,83 8,42 0,25 22,50 

 
         

Descriptives 

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% 
Confidence 
Interval for 

Mean 

Minimum Maximum 
Lower 
Bound 

Upper 
Bound 

Número de 
Neutrófilos 

Pau-pereira/2 dias 8 27,53 3,98 1,41 24,21 30,86 23,75 33,75 

Pau-pereira/7 dias 8 21,28 7,63 2,70 14,90 27,66 10,75 34,00 

Pau-pereira/14 
dias 

8 1,53 0,99 0,35 0,71 2,36 0,50 3,50 

Pau-pereira/21 
dias 

8 0,44 0,50 0,18 0,02 0,85 0,00 1,50 

DMSO/2 dias 8 49,47 19,94 7,05 32,80 66,14 21,25 76,00 

DMSO/7 dias 8 14,33 6,34 2,24 9,03 19,64 3,75 24,75 

DMSO/14 dias 8 2,97 1,49 0,53 1,72 4,21 0,00 4,33 
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DMSO/21 dias 8 2,28 0,83 0,29 1,59 2,97 1,25 3,75 

Total 64 14,98 17,95 2,24 10,50 19,46 0,00 76,00 

Número de 
Macrófagos 

Pau-pereira/2 dias 8 12,25 1,79 0,63 10,76 13,74 9,50 15,25 

Pau-pereira/7 dias 8 4,84 1,72 0,61 3,40 6,28 2,50 7,50 

Pau-pereira/14 
dias 

8 0,69 0,50 0,18 0,27 1,10 0,25 1,25 

Pau-pereira/21 
dias 

8 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

DMSO/2 dias 8 7,69 2,24 0,79 5,81 9,56 3,50 10,00 

DMSO/7 dias 8 5,42 1,44 0,51 4,21 6,62 2,50 7,00 

DMSO/14 dias 8 2,83 0,32 0,11 2,57 3,10 2,50 3,50 

DMSO/21 dias 8 1,41 0,61 0,22 0,90 1,92 0,50 2,50 

Total 64 4,39 4,07 0,51 3,37 5,41 0,00 15,25 

Número de 
Fibroblastos 

Pau-pereira/2 dias 8 3,06 0,95 0,34 2,27 3,86 2,00 4,50 

Pau-pereira/7 dias 8 4,72 1,33 0,47 3,60 5,83 2,75 6,50 

Pau-pereira/14 
dias 

8 15,13 3,46 1,22 12,23 18,02 12,25 22,50 

Pau-pereira/21 
dias 

8 13,50 2,73 0,96 11,22 15,78 9,50 16,50 

DMSO/2 dias 8 0,81 0,37 0,13 0,50 1,12 0,25 1,50 

DMSO/7 dias 8 3,38 0,95 0,34 2,58 4,17 2,00 4,75 

DMSO/14 dias 8 7,88 2,30 0,81 5,95 9,80 3,75 11,00 

DMSO/21 dias 8 8,56 1,87 0,66 7,00 10,13 5,25 11,25 

Total 64 7,13 5,18 0,65 5,83 8,42 0,25 22,50 

 1 

Tests of Between-Subjects Effects 

Dependent Variable: Número de Neutrófilos 

Source Type III Sum of Squares df 
Mean 

Square F Valor p 
Observed 
Powerb 

 

Grupo 66,885 1 66,885 1,037       
0,3129  

      
0,1707  

 

Tempo 14540,218 3 4846,739 75,142       
0,0000  

      
1,0000  

 

Grupo * Tempo 1806,160 3 602,053 9,334       
0,0000  

      
0,9950  

 

Error 3612,079 56 64,501        

Corrected Total 20025,343 63          

  

b. Computed using alpha = ,05 

Tests of Between-Subjects Effects 

Dependent Variable: Número de Macrófagos 

Source Type III Sum of Squares df 
Mean 

Square F Valor p 
Observed 

Powerb 
 

Grupo ,191 1 ,191 ,109       
0,7420  

      
0,0622  

 

Tempo 834,850 3 278,283 159,078       
0,0000  

      
1,0000  

 

Grupo * 
Tempo 

110,716 3 36,905 21,097       
0,0000  

      
1,0000  

 

Error 97,964 56 1,749        

Corrected 
Total 

1043,720 63         
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Mann-Whitney Test 1 
Ranks 

Grupo N 
Mean 
Rank 

Sum of 
Ranks 

Número de Macrófagos Pau-pereira 32 29,61 947,50 

DMSO 32 35,39 1132,50 

Total 64     

 
    

     

Test Statisticsa  
  

  Número de Macrófagos 
 

  

Mann-Whitney U 419,500  
  

Z -1,244  
  

Valor p                                               
0,2135  

 
  

a. Grouping Variable: Grupo  
  

     

O resultado coincide com o obtido utilizando ANOVA 
 

  

     

Kruskal-Wallis Test 
 

   

Ranks  

Tempo N 
Mean 
Rank 

 

Número de Macrófagos 2 dias 16 55,03  

7 dias 16 40,91  

14 dias 16 22,16  

21 dias 16 11,91  

Total 64    

     

     

     

Test Statisticsa,b  
  

  Número de Macrófagos 
 

  

Chi-Square 51,369  
  

Df 3  
  

Valor p                                               
0,0000  

 
  

a. Kruskal Wallis Test  
  

b. Grouping Variable: Tempo  
  

     

O resultado coincide com o obtido utilizando ANOVA 
 
 

 
  

Uma vez que Número de Macrófagos é constante quando Grupo x Tempo = Pau-pereira/21 dias e que 
Grupo x Tempo = Pau-pereira/14 dias não apresenta distribuição normal, utilizou-se a seguir visando 
comparar o número médio de macrófagos segundo Grupo o teste não paramétrico U de Mann-Whitney e 

para comparar  Grupo x Tempo e teste não paramétrico de Kruskal-Wallis. 
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Kruskal-Wallis Test 1 

Ranks 

Grupo x Tempo N 
Mean 
Rank 

Número de Macrófagos Pau-pereira/2 dias 8 60,25 

Pau-pereira/7 dias 8 39,75 

Pau-pereira/14 dias 8 13,94 

Pau-pereira/21 dias 8 4,50 

DMSO/2 dias 8 49,81 

DMSO/7 dias 8 42,06 

DMSO/14 dias 8 30,38 

DMSO/21 dias 8 19,31 

Total 64   

 2 

Test Statisticsa,b 

  Número de Macrófagos 

Chi-Square 58,359 

Df 7 

Valor p                                               0,0000  

a. Kruskal Wallis Test 

b. Grouping Variable: Grupo x Tempo 

O resultado coincide com o obtido utilizando ANOVA 
Tests of Between-Subjects Effects 

Dependent Variable: Número de Fibroblastos 

Source 
Type III Sum 
of Squares df 

Mean 
Square F 

Valor 
p 

Observed 
Powerb 

 

Grupo 249,048 1 249,048 62,360       
0,0000  

      
1,0000  

 

Tempo 1132,550 3 377,517 94,528       
0,0000  

      
1,0000  

 

Grupo * Tempo 86,190 3 28,730 7,194       
0,0004  

      
0,9758  

 

Error 223,648 56 3,994        

Corrected Total 1691,437 63          

  

b. Computed using alpha = ,05 
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Multiple comparisons 1 

Valor p < 0,05 indica diferença estatisticamente significante entre os dois Tempos comparados 2 
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Multiple Comparisons 1 

Games-Howell 2 
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 1 

Testes de Normalidade 2 
 3 

 4 

 5 

 6 

 7 

Estatística gl Valor p

DMSO / 2 dias 0,9176               8 0,4111           

DMSO / 7 dias 0,9475               8 0,6862           

DMSO / 14 dias 0,9258               8 0,4786           

DMSO / 21 dias 0,9059               6 0,4099           

Pau Pereira / 2 dias 0,9513               8 0,7245           

Pau Pereira / 7 dias 0,8885               8 0,2266           

Pau Pereira / 14 dias 0,8899               8 0,2336           

Pau Pereira / 21 dias 0,9034               6 0,3946           

DMSO / 2 dias 0,9650               8 0,8565           

DMSO / 7 dias 0,8814               8 0,1942           

DMSO / 14 dias 0,8989               8 0,2823           

DMSO / 21 dias 0,8073               6 0,0683           

Pau Pereira / 2 dias 0,8251               8 0,0528           

Pau Pereira / 7 dias 0,8892               8 0,2302           

Pau Pereira / 14 dias 0,9407               8 0,6183           

Pau Pereira / 21 dias 0,8589               6 0,1853           

Shapiro-Wilk

IL-6(%)

MMP-8 (%)

GrupoxTempoVariável

Limite inferior
Limite 

superior

DMSO 30 4,5414         2,8155           0,5140        3,4901                    5,5927     0,5192     10,4561   

Pau Pereira 30 7,5254         3,4884           0,6369        6,2229                    8,8280     1,9032     12,6961   

Total 60 6,0334         3,4845           0,4498        5,1333                    6,9336     0,5192     12,6961   

DMSO 30 10,1833      13,3123         2,4305        5,2124                    15,1542   2,0631     49,4754   

Pau Pereira 30 7,3214         4,4817           0,8182        5,6479                    8,9949     1,7563     18,3984   

Total 60 8,7524         9,9530           1,2849        6,1812                    11,3235   1,7563     49,4754   

N Média
Desvio 

Padrão
Erro PadrãoGrupoVariável

Intervalo de confiança de 95% 

para média
Mínimo Máximo

IL-6(%)

MMP-8 (%)

Descritivas
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indicated parenthetically. Manuscripts must be in English, typewritten using Arial or Times New Roman 1 
fonts only, and double-spaced throughout, including references, tables, and figure legends, with at least 2 
1 inch (25 mm) margins. Authors for whom English is not their native language are encouraged to have 3 
their manuscripts reviewed for grammar, vocabulary, syntax, and punctuation. 4 
Many English-language editing services can be found through na online search and are available for a 5 
fee. ASPET does not endorse or recommend any particular service. 6 
PDF-Only Submission 7 
Once manuscript preparation is complete, convert the text and figure files (but not supplemental data) 8 
into a single PDF with a file size of less than 250 MB. PDF preparation can be done by using Adobe 9 
Acrobat, which is available for purchase 10 
http://adobe.com/products/main.html. Microsoft Word also has a "Save As" feature that will allow you to 11 
save a file in PDF format. (PC versions 2007 and higher, Macintosh 2004 and higher.) Figure resolution 12 
may be reduced if this option is used. Authors are responsible for ensuring the accuracy and quality of 13 
the PDF. ALL SUBMISSIONS, INCLUDING REVISIONS MUST BE IN PDF FORMAT. This file, along 14 
with any supplementary files, must be uploaded into the journal’s online 15 
manuscript system at http://submit-jpet.aspetjournals.org/. Source files (manuscript, figure files) will be 16 
requested only at time of acceptance. 17 
Requirements 18 

 File size must be less than 250 MB.  Text and figures must be in one file with figures at the end of the 19 
file.  File must not contain supplemental data or supplemental legends. These must be uploaded 20 
separately. 21 

 File name should be one word with no spaces and a .PDF file extension (e.g., MolPharm.pdf).  22 
Remove password protections from the file.  Do not place restrictions on the extraction of content or 23 
modification of the PDF (this will disable reference extraction). 24 
Similarity Check (formerly known as CrossCheck) 25 
Similarity Check is a multi-publisher initiative to screen published and submitted content for originality. 26 
ASPET uses iThenticate software to detect instances of overlapping and similar text in submitted 27 
manuscripts. All manuscripts considered 28 
for publication are screened using Similarity Check and iThenticate prior to acceptance. Visit 29 
http://www.crossref.org/crosscheck/index.html for more 30 
information about Similiarity Check. Plagiarism will be reported to the authors' institution(s) and funder(s). 31 
Preprint Servers 32 
Manuscripts deposited in a preprint server may be submitted to JPET. A footnote must be included noting 33 
that the manuscript has been deposited in a preprint server. 34 
Open Access Option 35 
Authors have the option to publish their work under a Creative Commons Attribution license (CC-BY) or 36 
Creative Commons Attribution Noncommercial license (CC-BY-NC) for an open access fee that is in 37 
addition to page charges. An Open Access License Agreement should be submitted in place of a 38 
Copyright 39 
Transfer Form. The form is available at http://bit.ly/1RnIVLQ. Open access articles will not appear online 40 
until the open access fee has been paid through the Copyright Clearance Center’s Rightslink for Open 41 
Access (ROA) system. A link to the ROA is provided from the manuscript submission system. Some 42 
funders 43 
require authors to utilize an open access option when it is available—know your funder’s requirements 44 
prior to submission. 45 
ASPET does not offer refunds of open access fees. If an error related to open access is identified in a 46 
published article (e.g.,missing Creative Commons license, article not freely accessible, or article not 47 
deposited with PubMed Central), ASPET will correct the error. 48 
Organization of the Manuscript 49 
Manuscripts must be in English, typewritten using Arial or Times New Roman fonts only, and double-50 
spaced throughout, including references, tables, and figure legends, with at least 1 inch (25 mm) margins. 51 
Manuscripts should contain the following sections in the order listed. Each section should be titled and 52 
begin on a new page. All pages, excluding figure pages, should be numbered consecutively. 53 
1. Title Page. This should contain the complete title of the article, the names of all authors, and the 54 
primary laboratory of origin. Titles should be concise and accurately reflect the content of the paper. 55 
Affiliation should be indicated by author initials only. Financial support for the research should not be on 56 
this page but indicated as an unnumbered footnote to the title and included with other footnotes on a 57 
separate page following the References section. 58 
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a) A running title, which conveys the sense of the full title (not to exceed 60 characters, including spaces 1 
and punctuation). Commonly used abbreviations (e.g., “ATP”, “Ach”, etc.) may be used. 2 
b) The name, address, telephone and fax numbers, and e-mail address of the corresponding author. 3 
Only one author may be designated as the corresponding author. The e-mail address will also be used 4 
as a hypertext link in the paper. It is possible to list two corresponding authors on the published 5 
manuscript. In such 6 
cases, the relative roles of the two corresponding authors need to be explained in the cover letter that 7 
accompanies submission. Nonetheless, a single author needs to be designated at the time of submission 8 
who will be responsible for all correspondence during review and processing of the manuscript. The 9 
additional 10 
corresponding author should be listed on the manuscript’s running title page only and not entered into 11 
the online manuscript submission system. 12 
c) The number of text pages, number of tables, figures, and references, and the number of words in the 13 
Abstract, Introduction, and Discussion (each item should be placed on a separate line). 14 
d) A list of nonstandard abbreviations used in the paper, with abbreviations listed in alphabetical order. 15 
A list of standard abbreviations is available at http://bit.ly/2gbenCB. The use of abbreviations should be 16 
minimized to enhance readability and comprehension of the text. 17 
e) A recommended section assignment to guide the listing in the table of contents. Section options are: 18 
Behavioral Pharmacology Cardiovascular Cellular and Molecular Chemotherapy, Antibiotics, and Gene 19 
Therapy Drug Discovery and Translational Medicine Endocrine and Diabetes Gastrointestinal, Hepatic, 20 
Pulmonary, and Renal Inflammation, Immunopharmacology, and Asthma Metabolism, Transport, and 21 
Pharmacogenomics Neuropharmacology Toxicology 22 
Other 23 
3. Abstract. The abstract should concisely present the hypothesis being tested, general methods, 24 
results, and conclusions. Abstracts of more than 250 words will not be accepted. A word is one or more 25 
characters bounded by White space. The abstract must be a single paragraph. IMPORTANT: If your 26 
manuscript is accepted, the abstract entered into the online metadata form will appear online EXACTLY 27 
the way you enter it during the submission process. Please make sure to code all special characters, 28 
including sub- and superscripts, using the  29 
codes available from the online submission system. For revisions, update the abstract, if changed 30 
from the original.  31 
4. Visual Abstract. In addition to a text abstract, authors may submit a visual or graphic abstract that is 32 
intended to catch a reader’s attention and provides a quick visual impression of the gist of the article. The 33 
graphic must be 440 pixels wide by 350- 365 pixels tall, saved as RGB. TIFF or PDF file formats are 34 
preferred. Visual abstracts submitted in Word or PowerPoint are acceptable but should be avoided if 35 
possible. Follow the image preparation guidelines given below for figures. The visual abstract will appear 36 
below the text abstract in the abstract and HTML full-text views. A smaller version of the image, converted 37 
from the authors’ file by our compositor, will appear on the table of contents. 38 
A visual abstract should use color, be simple and clear, beentirely original (reprinted images and figures 39 
will not be accepted), and should not include an image of any person, living or dead. Trademarked items 40 
(e.g., company logos, images, and products) may not be used. The image should be labeled “Visual 41 
Abstract,” similar to labeling a figure for identification by reviewers and for use in the “Fast Forward” 42 
version of the paper.  43 
5. Introduction. This section must contain a clear statement of the aims of the work or of the hypotheses 44 
being tested. A brief account of the relevant background that supports the rationale of the study should 45 
also be given. The length of the Introduction should not exceed 750 words. 46 
6. Materials and Methods. Authors must affirm that original studies in animals have been carried out in 47 
accordance with the Guide for the Care and Use of Laboratory Animals as adopted and promulgated by 48 
the U.S. National Institutes of Health, and were approved by the Institution’s Animal Care and use 49 
Committee or local equivalent. For investigations involving human subjects, authors must affirm that they 50 
have been carried out in accordance with the Declaration of Helsinki and approved by the Institutional 51 
Review Board(s) or equivalent ethics committee. For multisite studies, all IRBs must be in agreement. 52 
This section should contain explicit, detailed and concise descriptions of all new methods or procedures 53 
employed. Authors should review the NIH Principles and Guidelines for Reporting Preclinical Research 54 
(www.nih.gov/about/reporting-preclinicalresarch. htm). Whereas modifications of previously published 55 
methods must be described, commonly used procedures require only a citation of the original source. 56 
Descriptions of methods must not only be sufficient to enable the reader to judge the accuracy, 57 
reproducibility, blinding, and reliability of the experiment(s) but also to be able to reproduce the results. 58 
The name and location (city and state or country) of comercial suppliers of chemicals, reagents, and 59 
equipment must be given. For biological materials, give the source, catalog, and batch numbers (where 60 
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applicable). For antibodies, also provide references describing their selectivity if this is not assessed in 1 
the current paper, and dilutions used.Sources of compounds, reagents, and equipment not available 2 
commercially should be identified by name and affiliation here or in the Acknowledgments section. The 3 
chemical identity or structure of novel drugs or research compounds must be provided. The structures of 4 
novel biologic agents must also be provided, at the level of current knowledge. Report the source of cell 5 
lines and, if known, their authentication and mycoplasma contamination status. For animal experiments, 6 
authors should report the source, species, strain, sex, age, randomization, and husbandry of the animals. 7 
Report the strain characteristics of genetically engineered animals including generations of back-8 
crossing, or percentage of contributing strains if genetic analysis was performed.In vivo studies and 9 
studies using primary cultures of cells or tissues from animals or humans must state the sex of the 10 
experimental subjects or tissue donors in the Materials and Methods section. The designations “mixed” 11 
or “unknown” should be used as appropriate when the sex cannot be determined (e.g., embryonic or 12 
early postnatal cultures, cell lines immortalized from a mixed culture, previously completed experiments 13 
for which sex was not documented). 7. Results. Contained in this section are the experimental data, with 14 
no discussion of their significance. Results are typically presented in figures or tables, with no duplication 15 
of information in the text. If a table or figure includes less than four values, the data should be presented 16 
in the text rather than as a separate table 17 
or figure. Magnitudes of variables reported should be expressed in numerals. Generally, units are 18 
abbreviated without punctuation and with no distinction between singular and plural forms (e.g., 1 mg, 25 19 
mg). Data should be presented in a quantitative manner where possible, with descriptive statistical 20 
measures Report not only the statistical tests used but also the exact value of N for each 21 
group. Report how often each experiment was performed. Sufficient information about sample collection 22 
must be provided to distinguish between independent biology data points and technical replicates. For 23 
animal or human studies, authors are encouraged to use a power analysis to computer an appropriate 24 
sample size during study design and should report the results. If any data or subjects were excluded, 25 
clearly state the criteria that were used. Statistical probability (P) in tables, figures, and figure legends 26 
should be expressed as *P < 0.05, **P < 0.01, and ***P < 0.001. For second comparisons, one, two, or 27 
three daggers may be used. For multiple comparisons within a table, footnotes italicized in lower case, 28 
superscript letters are used and defined in the table legend. 29 
All data upon which the conclusion of the paper rely must be made available upon request (where 30 
ethically appropriate) during consideration of the manuscript and to members of the scientific community 31 
thereafter. 32 
8. Discussion. Conclusions drawn from the results presented are included in this section. Whereas 33 
speculative discussion is allowed, it must be identified as such and be based on the data presented. The 34 
Discussion must be as concise as possible and should not exceed 1,500 words. 35 
9. Acknowledgments. The Acknowledgments section is placed at the end of the text. Personal 36 
assistance is noted here. Financial support is acknowledged as an unnumbered footnote to the title. See 37 
Section 11, Footnotes. 38 
10. Authorship Contributions. Each author’s contributions to the manuscript as detailed on the 39 
Authorship Responsibility, Financial Disclosure, and Chemical Structure Statement Form are to be given 40 
in this section. All of the appropriate individuals must be named as authors of the work. Each of the 41 
applicable authorship categories from the form is to be listed followed by the last name of each respective 42 
author (use first initials when multiple authors share a last name). For example: 43 
Participated in research design: Sung, Smith, Gupta, and Abel. Conducted experiments: Sung, Smith, 44 
Gupta, J.D. White, S.T. White, and Abel. Contributed new reagents or analytic tools: Sung, J.D.White, 45 
and S.T. White. 46 
Performed data analysis: Sung, Gupta, J.D. White, and Abel. 47 
Wrote or contributed to the writing of the manuscript: Gupta, J.D. White, S.T. White, and Abel. 48 
11. References. References are cited in the text by giving the first author’s name (or the first and second 49 
if they are the only authors) and the year of publication (e.g., Ruth and Gehrig, 1929; McCarthy, 1952; or 50 
Kennedy et al., 1960). In the reference list, the references should be arranged alphabetically by author 51 
and not 52 
numbered. The names of all authors should be given in the reference list. If reference is made to more 53 
than one publication by the same author(s) in the same year, suffixes (a, b, c, etc.) should be added to 54 
the year in the text citation and in the references list. Journal titles should be abbreviated as given in the 55 
National Center for Biotechnology Information U.S. National Library of Medicine catalog at 56 
http://bit.ly/2h3INDC. References to personal communications, unpublished observations, and papers 57 
submitted for publication are given in parentheses at the 58 
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appropriate location in the text, not in the list of references. Only papers that have been officially accepted 1 
for publication may be cited as “in press” in the reference list. The authors are responsible for the 2 
accuracy of the references. The format for 3 
journal article, chapter, book, and publish-ahead-of-print jornal article references is as follows: Fricks IP, 4 
Maddileti S, Carter SRL, Lazarowski ER, Nicholas RA, Jacobson KA, and Harden TK (2008) UDP is a 5 
competitive antagonist at the human P2Y14 receptor. 6 
J Pharmacol Exp Ther 325: 588-594. Kappas A (2002) Development of heme oxygenase inhibitors for 7 
the prevention of sever jaundice in infants: studies from laboratory bench to newborn nursery, in Heme 8 
Oxygenase in Biology and Medicine (Abraham NG, Alam J, and Nath KA eds) pp 3-17, Kluwer 9 
Academic/Plenum Publishers, New York. 10 
Wilson JH and Hunt T (2008) Molecular Biology of the Cell: A Problems Approach, 5th ed. Garland 11 
Science, New York. 12 
Hanada K, Ikemi Y, Kukita K, Mihara K, and Ogata H (2008) Stereoselective first-pass metabolism of 13 
verapamil in the small intestine and liver in rats. Drug Metab Disposdoi: 10.1124/dmd.107.020339. 14 
12. Footnotes. Footnotes should be listed on a separate page and presented in the following order: 15 
a) Unnumbered footnote providing the source of financial support. This information must be in the form 16 
of a sentence with the name of the funding agency written out in full. Research funded by the NIH, the 17 
Wellcome Trust, the Howard Hughes Medical Institute, and the Research Councils UK and its agencies 18 
MUST include the grant number in square brackets: This work was supported by the National Institutes 19 
of Health National Institute of Diabetes and Digestive and 20 
Kidney Diseases [Grant XXXX]. Multiple grant numbers should be separated by a comma and a space. 21 
Where the research was supported by more than one agency, the different agencies should be separated 22 
by a semicolon with “and” before the final funder: This work was supported by the Wellcome Trust [Grants 23 
XXX, YYY]; the National Institutes of Health National Cancer Institute [Grants ZZZ, AAA]; and the Howard 24 
Hughes Medical Institute [Grant BBB]. Funding from these agencies may not be cited without a grant 25 
number. Articles funded by the NIH, the Wellcome Trust, HHMI, and the Research Councils UK will 26 
be deposited with PubMed Central ONLY when such funding is cited. When one or more authors 27 
are NIH employees, the following footnote must be included: 28 
This research was supported [in part] by the Intramural Research Program of the National Institutes of 29 
Health [name of institute]. b) Unnumbered footnote providing thesis information, citation of meeting 30 
abstracts where the work was previously presented, c) The name and full address (with street address 31 
or P.O. box and postal code) and e-mail address of person to receive reprint requests. d) Numbered 32 
footnotes, using superscript numbers, beginning with those (if any) to authors’ names and listed in order 33 
of appearance. 34 
13. Figure Legends. Figures are numbered consecutively with Arabic numerals and listed in order rather 35 
than one per page. Legends must provide sufficient explanation for the reader to understand the figure 36 
independent of the text. Authors should provide details regarding group sizes, replicates, and the 37 
statistical analysis used for all experiments shown in each figure in the legends. 38 
14. Tables. Each table must be double-spaced and begin on a separate page, each page numbered 39 
continuous with the rest of the manuscript. Tables are numbered consecutively with Arabic numerals. A 40 
brief descriptive title is provided at the top of each table. General statements about the table follow the 41 
title in paragraph form. Footnotes to tables are referenced by italicized, lower case, superscript letters 42 
and defined beneath the table. Acceptable formats for tables are Word and WordPerfect. 43 
15. Figures. 44 
Image Manipulation: Figures in manuscripts considered for acceptance will be examined for evidence of 45 
manipulation. While certain modifications of primary data are often needed for clarity and/or brevity, 46 
image manipulation for deceptive purposes, to unfairly enhance or eliminate or otherwise obscure data, 47 
are grounds for rejection and may constitute misconduct. Inappropriate image manipulation will result in 48 
rejection of the manuscript. Suspected misconduct may be reported to the authors’ institution(s) and 49 
funder(s). No specific feature within an image may be enhanced, obscured, moved, removed, or 50 
introduced. The groupings of images from different parts of the same gel, or from different gels, fields, or 51 
exposures must be made explicit by the arrangement of the figure (e.g., using 52 
dividing lines or ensuring white space separates lanes from different gels) and in the text of the figure 53 
legend. Adjustments of brightness, contrast, or color balance are acceptable if they are applied to every 54 
pixel in the image and as long as they do not obscure, eliminate, or misrepresent any information present 55 
in the original, including the background. Nonlinear adjustments (e.g., changes to gamma settings) must 56 
be disclosed in the figure legend. This policy is consistent with many leading peerreviewed journals 57 
publishing biological data. For more detailed 58 
information, see the “Guidelines for Best Practices in Image Processing” at http://bit.ly/2gbA5Sf from the 59 
Office of Research Integrity. [With thanks to Rockefeller Univ. Press.]  60 
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Figure Preparation: If your manuscript is accepted for publication, you will be required to provide source 1 
files prepared according to the following instructions. 2 
To publish the figures in your article with the highest quality, it is important to submit digital art that 3 
conforms to the appropriate resolution, size, color mode, and file format. Doing so will help to avoid delays 4 
in publication and maximize the quality of images. These instructions are available as a PDF file with 5 
screen 6 
shots and example images at http://bit.ly/2h3I19s.  7 
Sizing and Preparation: Submit figures at their final publication size; do not scale figures (printed 1:1). 8 
Most figures should fit within a single column. See the table below for allowable widths. The height of all 9 
figures must be ≤ 9.375 inches / 24 cm / 56.5 picas. 10 
Columns Inches Centimeters Picas 11 
1 ≤ 3.5 ≤ 8.9 ≤ 21 12 
2 ≤ 7.125 ≤18.2 ≤ 43 13 
 14 
Page Charges 15 
Authors are assessed $90 per typeset page ($50 when at least one author has been an ASPET member 16 
in good standing since the manuscript was submitted) for an accepted research manuscript. JPET 17 
Editorial Board members will have their page charges waived once in each three-year term on the 18 
Editorial Board. Authors will receive with their page proof a request for information concerning such 19 
charges. Questions on business matters should be directed to the Journals Director, American Society 20 
for Pharmacology and Experimental Therapeutics, 9650 Rockville Pike, Bethesda, MD 20814-3995; 21 
telephone: (301) 634-7060; fax: (301) 634-7158; email: 22 
info@aspet.org. 23 
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