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Resumo

Introducdo: Dentre as diversas situacfes médicas existentes, insdnia, depressdo e
ansiedade estdo cada vez mais presentes no cotidiano da populacdo mundial, cujo
tratamento inclui terapia psicoldgica e prescricdo de benzodiazepinicos. Estudos anteriores
demonstraram que esses farmacos sdo capazes de reduzir a proliferacdo e o nimero de
celulas acinares, assim como o fluxo salivar estimulado em glandulas parétidas de ratos.
Desta forma, hipotetizou-se um possivel efeito apoptotico, pelo uso crénico de um
benzodiazepinico, sobre essas células acinares. O objetivo deste estudo foi avaliar a agéo
apoptotica do benzodiazepinico Lorazepam, por meio da quantificacdo de ndcleos acinares
apoptéticos, nimero de nucleos de células acinares e a imunoexpressdo antigeno nuclear
de proliferacédo celular acinar de glandulas parétidas de ratos.

Meétodos: Quarenta ratos Wistar machos foram divididos em quatro grupos. Grupos
controle receberam soro fisiologico por trinta dias Gszp € sessenta dias Gsgo. Dentre 0s
grupos experimentais, Lgp recebeu Lorazepam por trinta dias e Gpsp+s30 recebeu
Lorazepam por trinta dias e, a partir do trigésimo primeiro dia, soro fisiolégico. Para
contagem dos nucleos celulares apoptdticos foi aplicada a técnica de TUNEL. Os dados,
de numero de nudcleos celulares acinares e imunoexpressdo antigeno nuclear de
proliferacdo celular acinar, foram extraidos de estudos prévios. Os testes estatisticos
utilizados foram ANOVA e Tukey HSD.

Resultados: Aos trinta dias, ndo houve diferenca estatisticamente significante entre os
grupos Gizo e Gsszo, em relacdo ao numero de nucleos celulares apoptéticos e proliferacédo
celular. Houve reducéo estatistica significativa quanto ao nimero de nucleos de células
acinares, no grupo Gi 3 em relagdo ao Gssp, NOS grupos tratados por sessenta dias, a
porcentagem de nucleos celulares apoptoticos do grupo Gpsp+szo, MOStrou-se
significantemente maior, em relacdo ao controle Gsg. O oposto foi verificado para o
numero de ndcleos de células acinares. Ndo houve diferenca estatistica significante para
proliferacdo celular entre os grupos Gy so+s30 € Gseo-

Concluséo: O uso do Lorazepam ocasionou diminuicdo do nimero de nucleos de células
acinares e maior porcentagem de nucleos celulares apoptéticos em glandulas parotidas de
ratos.

Palavras-chave: apoptose, receptores de GABAa, células acinares, glandulas
salivares, Lorazepam.



Abstract

Introduction: Insomnia, depression and anxiety are medical situations increasingly
present in the daily lives of the world population, whose treatment includes psychological
therapy and the prescription of benzodiazepines. Previous studies have shown that
benzodiazepines are capable of reducing the proliferation and number of acinar cells, as
well as the salivary flow stimulated in parotid glands of rats. Thus, a possible apoptotic
effect was hypothesized with the chronic use of a benzodiazepinic - Lorazepam - on acinar
cells of the parotid glands of rats. The objective of this study was to evaluate the apoptotic
action of Lorazepam on acinar cells of the parotid glands of rats by means of the
quantification of apoptotic acinar nuclei, number of acinar cells and nuclear antiantigen
antibody of cell proliferation.

Methods: Forty male Wistar rats were divided into four groups. Control groups received
saline for thirty days and sixty days G s G s Among the experimental groups,
L 5 received Lorazepam for thirty days and G L4 . s3 received Lorazepam for thirty days,
and from the thirty-first day, saline. For the counting of apoptotic cell nuclei, the TUNEL
technique was applied. The statistical tests used were ANOVA and Tukey HSD.

Results: On the thirtieth day, there was no statistically significant difference between the
Grso and Gszo groups, in relation to the number of apoptotic cell nuclei and cell
proliferation. There was a statistically significant difference in the number of acinar cell
nuclei in the G 3o group compared to Gszo. In the groups treated for sixty days, the
percentage of apoptotic cell nuclei from the Gyso+s30 group was significantly higher in
relation to the Gsgo control. A statistically significant reduction in the value of acinar cell
nuclei was also observed between these groups. There was no statistically significant
difference between the values of cell proliferation in the G3+s30 and Gsgo groups.

Conclusion: The use of Lorazepam caused significant decrease in the number of acinar
cell nuclei and larger percentage of cellular apoptotic nuclei in rat parotid glands.

Keywords: apoptosis, GABA, receptors, acinar cells, salivary glands, Lorazepam.
Introducéo

Insbnia, depressdo e ansiedade sdo situacbes médicas cada vez mais presentes no cotidiano
da populacdo mundial. A depressdo, classificada como doenca de carater afetivo,
manifesta-se, principalmente, por meio de queixas somaéticas, baixa autoestima, sensacéo
de inutilidade, tendéncia autodepreciativa e alteracdo de apetite (Kessler et al., 2005).

Estima-se, que aproximadamente 18,4% da populacdo brasileira, ja tenha manifestado pelo
menos um quadro de depressdo durante a vida. Este dado caracteriza o Brasil como o pais
em desenvolvimento com maior numero de pessoas sofrendo dessa doenca, enquanto as
médias para os paises desenvolvidos estdo em torno de 14,6% e de 11,1% para 0s paises
em desenvolvimento (WHO, 2012).

A depressdo € comumente acompanhada por distdrbios de ansiedade como fobias,
transtorno do panico, transtorno de ansiedade generalizada (TAG), transtorno obsessivo
compulsivo (TOC) e estresse pds-traumatico agudo. Estas também sdo situacbes
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psiquiatricas cronicas, graves e recorrentes, com prevaléncia estimada em torno de 29%
(Kessler et al., 2005) que resultam em prejuizo funcional, associadas a significativos
custos sociais, uma vez que o tratamento das mesmas inclui terapia psicologica e
prescricdo de medicamentos depressores do Sistema Nervoso Central (SNC),
denominados psicotropicos. A indicacdo destes farmacos, dentre eles o0s
benzodiazepinicos (BZDs), € amplamente realizada desde os anos de 1960 (Llorente et al.,
2000), até a atualidade (WHO, 2012).

A prevaléncia de uso dos BZDs é de 15% em algumas regides do continente europeu,
Estados Unidos, Canada e demais paises de alta renda (Manthey et al., 2011). BZD é
amplamente consumido por 9 a 25% da populacdo idosa a partir dos 65 anos de idade,
principalmente entre o género feminino (15 a 21,7% no Brasil; 9,9% nos Estados Unidos;
24% no Canada e 25% na Suécia) (Thomson e Smith, 1995; Gleason et al., 1998; Jorm et
al., 2000; Lima et al., 1999; Blazer et al., 2000; Fourrier et al., 2001; Tu et al., 2001,
Alvarenga et al., 2008; Johnell e Fastbom, 2009; Leggett et al., 2015).

Os BZDs sdo divididos em ansioliticos, responsaveis pela diminuicdo dos estagios de
ansiedade e depressao, e hipnoticos usados no tratamento de insénia, indugdo de hipnose e
sedacdo. Promovem, também, relaxamento muscular e podem ser utilizados como
anticonvulsivantes (De Almeida et al.,, 2008). Na Odontologia, esses farmacos sao
indicados para diminuir a ansiedade de pacientes ndo colaboradores, em relacdo ao
tratamento dentario (Zaclikevis et al., 2009). Entre os BZDs licenciados, o Lorazepam, é
um dos farmacos mais indicados tanto para o tratamento de insdnia como para casos de
ansiedade (Amato et al., 2010). Entretanto, 0 mesmo apresenta diversos efeitos colaterais
como diminuicdo da atividade psicomotora, perda de memdria, dependéncia fisica em
tratamentos em longo prazo, aumento do risco de quedas em idosos (Longo e Johnson,
2000; Uzun et al., 2010), hipossalivacdo e xerostomia (Guggenheimer e Moore, 2003).

A acdo do Lorazepam sobre glandulas parétidas de ratos também foi analisada por Rinaldi
et al., (2015) e Mattioli et al., (2016). Os autores observaram que 0 uso cronico desse BZD
contribuiu significantemente para a diminuicdo do numero e da proliferacdo de células
acinares, reducdo do fluxo salivar e aumento do volume celular. Diante dessa reducdo do
namero de células acinares verificadas nos estudos supracitados, oriundas da interacao
farmacoldgica do Lorazepam com glandulas salivares, hipotetizou-se um possivel efeito
apoptotico, pelo uso crénico desse farmaco, sobre essas células de glandulas parétidas de
ratos.

A apoptose desempenha papel fundamental na eliminacdo de células indesejadas,
danificadas ou infectadas, em organismos multicelulares e também em diversos processos
bioldgicos, incluindo desenvolvimento, diferenciacdo e proliferacdo celulares (So et al.,
2016). Para deteccdo dessas células, a técnica de Terminal Deoxynucleotidil Tranferase-
mediated Deoxyuridine Triphosphate Biotin Nick End-labeling (TUNEL) é uma das mais
utilizadas (Tilly, 1996), sendo padréo ouro (Burattini et al., 2009).

Na falta de estudos prévios, que comprovem a apoptose induzida pelo Lorazepam em
células acinares, o0 objetivo deste estudo foi avaliar a acdo apoptdtica desse BZD, sobre
células acinares de glandulas parétidas de ratos, por meio da quantificacdo de nucleos
celulares apoptéticos (NCA), nimero de células acinares (N) e imunoexpressao antigeno
nuclear de proliferacao celular (PCNA).



Material e Método

Para realizacio deste estudo, o projeto foi avaliado e aprovado pelo Comité de Etica no
Uso de Animais da Pontificia Universidade Catolica do Parana (PUCPR) (CEUA/PUCPR
n® 01084/2016 — 22 versdo). Para tanto, foram utilizados 40 ratos machos do tipo Rattus
norvegicus albinus Rodentia mammalia da linhagem Wistar (oriundos do Biotério Central
/PUCPR), com massa corporal de ca. 250g. Os animais foram mantidos em gaiolas
plésticas e 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).

Tratamento experimental
O tratamento dos animais foi realizado e descrito por Mattioli et al., (2016), sendo 0s
mesmos alocados aleatoriamente em quatro grupos de dez espécimes, conforme o quadro a

seqguir. (Quadro 1).

Quadro 1 — Divisdo dos Grupos Controle e Experimental de acordo com farmaco
utilizado, dose diaria, via de administracdo e periodo de tratamento

Grupos Farmaco Dose Via de Periodo de
Diaria administragéo tratamento
Gsao Solugéo 0,1 mL Intraperitoneal 30 dias
injetavel de (1 wvez ao
(Controle) Soro dia/mesmo
fisiologico horério)
0,9%
Gseo Solucgéo 0,1 mL Intraperitoneal 60 dias
I injetavel de (l_ vez  ao
(Controle) S0ro dia/mesmo
fisioldgico horario)
0,9%
GLso Solugdo 0,5 Intramuscular (1 30 dias
; injetavel de mg/Kg vez ao
(Experimental) Lorazepam dia/mesmo
1%* horario)
Gi30+5s30 Solugéo 0,5 Intramuscular 30 dias
: injetavel de mg/Kg (1 wvez a0
(Experimental) Lorazepam dia/mesmo
1%* horario)
Solugéo Intraperitoneal
injetavel de 0,ImL (1 vez ao 31 — 60 dias
soro dia/mesmo
fisioldgico horario)
0,9%

* Cosmética Farmacia de Manipulagdo Ltda, Curitiba, Brasil.




Morte dos animais e excisfes das glandulas parotidas

Os animais dos grupos controle e experimental foram mortos por overdose de tiopental
sodico 120 mg/kg (Thionembutal®, Abbott Laboratérios do Brasil Ltda., S&o Paulo,
Brasil), via intraperitoneal e intracardiaca, apds os periodos de trinta e sessenta dias.

As gléndulas paroétidas direita e esquerda foram removidas com uso de lamina de bisturi n°
12 e acondicionadas em coletores universais, previamente identificados, com formalina
tamponada 10% por 48 horas.

Processamento e técnica de TUNEL

As glandulas parotidas fixadas em formalina foram emblocadas em parafina (bloco
doador). A partir deste bloco doador, foi removido um cilindro de 3 mm de didametro com
broca trefina (Neodent®, Curitiba, Brasil) acoplada em um motor de suspensdo de 130
watts de Bethil (Prometal Ind. Met. LTDA®, Marilia, Brasil). Dez desses cilindros foram
organizados em linhas e colunas, e emblocados em parafina (bloco receptor), constituindo
o0 tissues microarray (TMA) (Sawaki et al., 1995; Kosuge et al., 2009). Na sequéncia
foram realizados cortes microscopicos com 4 um de espessura e, em seguida, as laminas
obtidas foram submetidas a técnica de TUNEL.

A técnica de TUNEL foi realizada para deteccdo de apoptose, em célula acinar, com base
na marcacdo dos fragmentos de DNA, resultantes da quebra do DNA gendmico. In situ
Cell Death Detection Kit, POD - Roche® (Roche Diagnostics GmbH, 11684817910,
Mannheim, Alemanha) foi usado de acordo com as instrugdes do fabricante.

Depois da desparafinizacdo das seccdes, a atividade da peroxidase enddgena foi bloqueada
em solucdo de perdxido de hidrogénio e metanol 5%, durante 15 minutos em temperatura
ambiente. As sec¢des foram, entdo, tratadas com 0,1 tampéo citrato, pH 6.0 em cuba de
banho-maria, durante 25 minutos a 99° C para recuperacao antigenémica.

Apos lavagem em TBS-tris (pH 7,0), as ld&minas foram cobertas com 50 pL da mistura
reacional da enzima solution com a label solution e, em seguida, incubadas durante 1 hora
a 37° C numa atmosfera umidificada, no escuro. Depois de serem lavadas em PBS, as
laminas foram cobertas com 50 pl de converter-POD, e incubadas durante 30 minutos a
37° C em cdmara Umida.

Em sequéncia a lavagem em PBS, as laminas foram incubadas em solucdo de
diaminobenzidina (DAB, K3468 DAKO DAB + substrato cromogénio sistema liquido,
Carpinteria, CA, EUA) durante 15 segundos a temperatura ambiente. As mesmas foram
contrastadas com hematoxilina de Harris. Em controles negativos, a solu¢do de enzima foi
omitida.

Dez imagens de cada cilindro (totalizando 400 imagens) foram capturadas, por uma
microcamera Dinolite® (AM 423x AmMo Eletronics Corporation, New Taipei City,
Taiwan) acoplada em um microscépio Olympus® BX50 (Olympus Corporation, Ishikawa,
Japdo), em magnificagdo de 400x%, conectado a um notebook Dell Inspiron 15459 (Round
Rock, Texas, EUA). As imagens foram analisadas, por um Gnico observador, no programa
de morfometria Image Proplus 4.5 (Media Cybernetics, Silver Spring, MD), no qual foi



aplicada uma grade virtual as imagens, para contagem dos nucleos positivos para
apoptose, corados de marrom escuro e os nucleos ndo apoptoticos, de coloragéo roxa.

O examinador realizou a contagem de uma imagem, de cada cilindro, e repetiu a
contagem da mesma imagem depois de vinte e um dias, para verificar a reprodutibilidade e
auséncia de erro sisteméatico. Toda a amostra foi contada somente apds esta verificacéo.
Observou-se que o erro de Dahlberg foi de 5,10%, indicando que o examinador reproduziu
de forma confidvel a contagem das células em apoptose. O teste t de Student revelou que
ndo houve erro sistematico na contagem (p=0,16) (Midtgard et al., 1974; Houston, 1983).

A partir do nimero total de nucleos (somatdria de nucleos apoptéticos + ndo apoptéticos),
foram calculadas as porcentagens de nucleos celulares apoptéticos (NCA). Os valores
finais foram determinados a partir das médias das porcentagens dos dez campos.

Também foram extraidos os dados de N e PCNA, dos trabalhos de Rinaldi et al., 2015 e
Mattioli et al., 2016, respectivamente.

Analise estatistica

Foi empregado o pacote estatistico SPSS® 23.0 (SPSS Inc., Chicago, IL), com nivel de
significancia de 5% (p<0,05).

Inicialmente, testou-se a normalidade da variavel porcentagem segundo grupo, utilizando-
se o teste de Shapiro-Wilk. Uma vez que os dados apresentaram distribuicdo normal, a
comparacdo entre os grupos foi feita com ANOVA, seguido do teste de Tukey HSD, ja
que o teste de homogeneidade de variancias de Levene acusou variancias homogéneas.

Resultados
Aos trinta dias, ndo houve diferencga estatisticamente significante entre 0s grupos G 3o €

Gs3o0, em relacdo ao NCA e PCNA (Tabela 1), (Figura 1 A e B). Houve diferenca
estatistica significativa quanto ao N, no grupo G, 3o em relacdo ao Gszo (Tabela 1).



Tabela 1 — Valores Médios e Desvio Padréo (DP) das variaveis estudadas segundo os
grupos tratados por 30 dias com soro fisiologico (Gsso) € Lorazepam (Gy_so)

Grupos Gs3o GLso
Variaveis Média +DP Média +DP

NCA (%) 37,94 + 5,94° 33,14 + 8,022

PCNA 55,80 + 14,382 43,90 + 22,46°

N (x 106) 44,73+ 7,29° 27,26 +7,48°

Teste Anova p<0,0000; Observed Power: 1,0000

Letras diferentes significam diferencas estatisticamente significantes
NCA- Nucleos celulares apoptéticos

PCNA- Imunoexpressao antigeno nuclear de proliferacéo celular

N- Numero de nucleos de células acinares

Nos grupos tratados por sessenta dias, a porcentagem de NCA do grupo Gy so+s30, moStrou-
se significantemente maior em relacdo ao controle Gsgo (Tabela2), (Figura 1 C e D). O
oposto foi observado para o valor de N (Tabela2). Ndo houve diferenca estatistica
significante em relacdo ao PCNA entre 0s grupos G 3o+s30 € Gsgo (Tabela2).

Tabela 2 - Valores Médios e Desvio Padrédo (DP) das variaveis estudadas segundo os
grupos tratados por 60 dias com soro fisiolégico (Gsgy) € com Lorazepam e soro
fisioldgico (G a0+s30)

Grupos Gseo GL30+s30
Variaveis Média +DP Média +DP
NCA (%) 31,85 +9,18° 54,05 + 8,00°
PCNA 50,00 + 17,53 41,50 + 18,06

N (x 10°) 40,55 + 4,64° 30,62 + 8,13

Teste Anova p<0,0000; Observed Power: 1,0000

Letras diferentes significam diferencas estatisticamente significantes
NCA- Nucleos celulares apoptéticos

PCNA- Imunoexpressao antigeno nuclear de proliferacéo celular (PCNA)
N- Numero de nucleos de células acinares



Figura 1 — Fotomicrografia de glandula parétida de rato submetida a (A): trinta dias com
Lorazepam Gy 30 (B): trinta dias com soro fisiol6gico Gszo. (C): trinta dias com Lorazepam
e a partir do trigésimo primeiro dia com soro fisioldgico (Gzp + Gszo); (D): sessenta dias
com soro fisiolégico Gsgo, Os nucleos apoptéticos foram corados de marrom em
magnificagdo de 400x.

Discussao

Este é o primeiro estudo que avalia apoptose em glandulas salivares de ratos tratados com
Lorazepam, onde foi verificado que o uso deste BZD ocasionou em compara¢do ao
controle: a) Aos trinta dias, diferenca estatistica significativa quanto ao nimero de nucleos
de células acinares (N), no grupo G 3o em relagdo ao Gszg, assim como nenhuma diferenca
guanto ao nimero de nucleos celulares apoptoticos (NCA) e proliferacdo celular (PCNA);
b) Aos sessenta dias, a porcentagem de células apoptoticas do grupo Gy so+s3o, mostrou-se
significantemente maior, em relacdo ao controle Gsgy, O oposto foi observado para a
variavel N.



Os resultados para N, aos trinta e sessenta dias, e para NCA aos sessenta dias, observados
nesta pesquisa, estdo dentro de um mesmo raciocinio, demonstrando o efeito deletério do
Lorazepam sobre glandulas pardtidas de ratos. Neste sentido, conseguiu-se levantar a
possivel hipdtese de que esse farmaco além de sialorredutor € ainda indutor de apoptose,
fato que corrobora com todos os achados até entdo observados por esse grupo de pesquisa
(Zaclikevis et al., 2009; Rinaldi et al., 2015; Mattioli et al., 2016). E esse efeito apoptoético
foi confirmado pelo presente estudo.

Os estudos de Rinaldi et al., (2015) e Mattioli et al., (2016), avaliando respectivamente N
e PCNA, utilizando as mesmas amostras do presente estudo, revelaram que o menor
numero de celulas acinares verificado no grupo Gyso, pode ter sido resultante de um menor
PCNA, que nédo se mostrou estatisticamente significante em relacdo ao Gssp, mas que pode
ter levado ao menor ndmero de ceélulas acinares devido ao equilibrio de
proliferacdo/apoptose, dentro do proprio grupo. Neste periodo de tempo (trinta dias), o
Lorazepam ainda ndao aumentou a apoptose de células acinares, comparado ao controle,
provavelmente por um efeito farmacocinético, uma vez que ele € um farmaco bastante
lipossoluvel, e que apresenta uma meia-vida plasmatica duradoura (De Almeida et al.,
2012).

O efeito tardio do Lorazepam, verificado trinta dias apds o seu uso, para 0 grupo G so+s3o,
revelou menor numero de células acinares, resultante de um maior indice de apoptose
celular, em relacdo ao controle, o que confirma a hipdtese considerada no estudo de
Rinaldi et al., (2015). Deve-se lembrar de que, nos grupos tratados por sessenta dias,
houve suspensdo do BZD no trigésimo dia e administracdo de soro fisiol6gico, a partir do
trigésimo primeiro dia. Lorazepam é um farmaco que ndo apresenta metabolitos ativos,
sendo metabolizado por meio de conjugacdo direta com um radical glicosideo, em um
processo mais rapido que a oxidacao, tendo meia vida de 12 al8 horas (De Almeida et al.,
2012). Considerando que este BZD apresenta meia vida maior que outros, como 0
Midazolam, por exemplo, sua acdo atuaria por mais tempo, fato que poderia explicar o
efeito tardio desse farmaco.

O estudo realizado por Zaclikevis et al., (2009) sobre a acdo dos BZDs, em glandulas
pardtidas de ratos, revelou reducdo do fluxo salivar e aumento do volume celular. Diante
disso, postulou-se que esse fato poderia ser resultante da alteracdo do numero de células
acinares. Entdo, Rinaldi et al., (2015) confirmaram que o uso desse farmaco contribuiu
para a diminuicdo do numero de células acinares, hipotetizando uma possivel acdo
apoptdética do Lorazepam, sobre essas células, além de alteracdo na proliferagdo celular.
Esses dados corroboram com os achados da presente pesquisa, uma vez que o Lorazepam,
quando administrado cronicamente, provocou efeito apoptotico sobre as celulas das
glandulas pardtidas de ratos. Acrescentando a esses resultados, Mattioli et al., (2016) ainda
verificaram redugdo da proliferacéo de celulas acinares, pelo uso cronico desse farmaco.

Similarmente a presente pesquisa, Pavlovic et al., (2012) também avaliaram o poder
apoptotico do BZD sobre timdcitos de ratos, uma vez que 0os mesmos foram incubados por
um periodo de vinte e quatro horas com esse farmaco. Apds esse periodo, 0s autores
verificaram que a exposi¢do ao BZD, resultou em um aumento da morte celular por
apoptose. N&o ha estudos prévios que avaliam a acdo apoptdtica do Lorazepam sobre
células acinares. Posteriores estudos devem ser realizados nesse sentido.



Fafalios et al., (2009) demonstraram que o Lorazepam apresenta acdes antiproliferativa e
pro apoptética, uma vez que inibiu o crescimento e a viabilidade de células cancerosas de
préstata in vitro por dezoito horas e in vivo, quando apresentou efeito antitumoral, em
ratos que foram enxertados com células cancerigenas de prostata, para desenvolvimento
do tumor, e 0 mesmo regrediu em tamanho e volume, quando tratado com o BZD. Apesar
de se ter conhecimento de todas as alteracdes genéticas e moleculares que acontecem nas
células cancerigenas, e na falta de outros estudos para comparar a apoptose induzida pelo
Lorazepam, esse estudo vem de encontro a presente pesquisa, uma vez que a mesma
demonstrou ter, o Lorazepam, pro apoptotico aos sessenta dias sobre células acinares de
glandulas parotidas de ratos, assim como ocorreu nas células acinares cancerigenas da
préstata.

Com acéo inibitdria sobre SNC, agindo principalmente no hipotalamo e tronco cerebral, 0s
BZDs apresentam acdo sobre um receptor especifico, o chamado receptor dos
benzodiazepinicos, do acido gama-aminobutirico (GABAR), na sua subunidade A
(GABA,). O acido gama-aminobutirico (GABA) é um neurotransmissor inibitorio do
SNC, amplamente distribuido em todo o cérebro, que age abrindo os canais de cloro,
gerando hiperpolarizagcdo dos neurdnios e inibicdo da geracdo do potencial de acdo. Os
BZDs se ligam ao GABA,, facilitando a acdo do neurotransmissor GABA (Howard et al.,
2014). Além de presente no SNC, GABAA também é encontrado nas glandulas salivares
(Chen et al., 2012), em menor quantidade que no SNC (Sawaki et al., 1995). Isto justifica
a alteracdo e diminuicdo da concentracdo do fluxo salivar, em usuarios de BZD, pela
inibicdo desse receptor (Kazunori et al., 2011), levando-os, como ja descrito
anteriormente, a quadros de hipossalivagdo e/ou xerostomia (Guggenheimer e Moore,
2003; Lambrecht et al., 2013; Raghavan et al., 2014).

Foi demonstrado, em células cancerigenas, que um ligante do receptor periférico de BZD
causa um desacoplamento mitocondrial e perda do citocromo C, via indugédo da transicéo
da permeabilidade mitocondrial, fato que apresenta importante papel no processo de
apoptose celular (Li, Wang, Zang, 2007). Entretanto, nenhum estudo prévio avaliou se a
apoptose induzida pelo Lorazepam, poderia se dar via este receptor. Estudos adicionais
devem ser conduzidos nesse sentido, a fim de certificar o papel do GABA na apoptose, e
concluir a referida hipétese.

Dentro dos limites do presente estudo, pode-se concluir que o uso do Lorazepam
ocasionou diminuicdo significativa do nimero de nucleos de células acinares e maior
porcentagem de nucleos celulares apoptoticos em glandulas parétidas de ratos.
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Abstract

Introduction: Insomnia, depression and anxiety are medical situations increasingly
present in the daily lives of the world population, whose treatment includes psychological
therapy and the prescription of benzodiazepines. Previous studies have shown that
benzodiazepines are capable of reducing the proliferation and number of acinar cells, as
well as the salivary flow stimulated in parotid glands of rats. Thus, a possible apoptotic
effect was hypothesized with the chronic use of a benzodiazepinic - Lorazepam - on acinar
cells of the parotid glands of rats. The objective of this study was to evaluate the apoptotic
action of Lorazepam on acinar cells of the parotid glands of rats by means of the
quantification of apoptotic acinar nuclei, number of acinar cells and nuclear antiantigen
antibody of cell proliferation.

Methods: Forty male Wistar rats were divided into four groups. Control groups received
saline for thirty days and sixty days G s G s Among the experimental groups,
L 4 received Lorazepam for thirty days and G 4 . s3 received Lorazepam for thirty days,
and from the thirty-first day, saline. For the counting of apoptotic cell nuclei, the TUNEL
technique was applied. The data of acinar cell nuclei and cell proliferation were extracted
from previous studies. The statistical tests used were ANOVA and Tukey HSD.

Results: On the thirtieth day, there was no statistically significant difference between the
Grso and Gszo groups, in relation to the number of apoptotic cell nuclei and cell
proliferation. There was a statistically significant difference in the number of apoptotic
cell nuclei in the G 3o group compared to Gsszo. In the groups treated for sixty days, the
percentage of apoptotic cell nuclei from the Giso+s30 group was significantly higher in
relation to the Gsgo control. A statistically significant reduction in the value of acinar cell
nuclei was also observed between these groups. There was no statistically significant
difference between the values of cell proliferation in the G| 3p+s30 and Gsgo groups.

Conclusion: The use of Lorazepam caused significant decrease in the number of acinar
cell nuclei and larger percentage of cellular apoptotic nuclei in rat parotid glands.

Keywords: apoptosis, GABA , receptors, acinar cells, salivary glands, Lorazepam.
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Introduction

Insomnia, depression and anxiety are medical situations increasingly present in the daily
lives of the world population. Depression, classified as an affective disorder, is mainly
manifested by somatic complaints, low self-esteem, feeling of worthlessness, self-
deprecating tendency and altered appetite (Kessler et al., 2005).

It is estimated that approximately 18.4% of the Brazilian population has already shown at
least one picture of depression during their lifetime. This data characterizes Brazil as the
developing country with the largest number of people suffering from this disease, while
the averages for developed countries are around 14.6% and 11.1% for developing
countries (WHO, 2012).

Depression is commonly accompanied by anxiety disorders such as phobias, panic
disorder, generalized anxiety disorder (GAD), obsessive compulsive disorder (OCD), and
acute posttraumatic stress. These are also chronic psychiatric conditions, severe and
recurrent, with an estimated prevalence of around 29% (Kessler et al., 2005) that result in
functional impairment, associated with significant social costs, since the treatment thereof
include psychological therapy and Central nervous system (CNS) depressant drugs, called
psychotropic drugs. These drugs, such as benzodiazepines (BZDs), have been widely
reported since the 1960s (Llorente et al., 2000), to date (WHO, 2012).

The prevalence of BZD use is 15% in some regions of the European continent, the United
States, Canada and other high-income countries (Manthey et al., 2011). BZD is widely
consumed by 9 to 25% of the elderly population aged 65 and over, mainly among women
(15 to 21.7% in Brazil, 9.9% in the United States, 24% in Canada and 25% In Sweden)
(Thomson and Smith, 1995; Gleason et al., 1998; Jorm et al., 2000; Lima et al., 2001;
Alvarenga et al., 2008; Johnell and Fastbom, 2009; Leggett et al., 2015).

BZDs are divided into anxiolytics, which are responsible for decreasing the stages of
anxiety and depression, and hypnotics used in the treatment of insomnia, induction of
hypnosis and sedation. They also promote muscle relaxation and can be used as
anticonvulsants (De Almeida et al., 2008). As with all central-acting drugs, this drug has
side effects, decreased psychomotor activity, memory loss, physical dependence on long-
term treatments, increased risk of falls in the elderly (Longo and Johnson, 2000; Uzun et
al. (Ghaz et al., 2010) and hyposalivation and / or xerostomia, one of the main adverse
effects observed in the literature (Guggenheimer and Moore, 2003; Lambrecht et al., 2013
and Raghavan et al., 2014) and as one of the highest rates of complaints by patients in
dental offices (Smith and Burtner, 1994). In dentistry, these drugs are indicated to reduce
the anxiety of non-collaborating patients, in relation to dental treatment (Zaclikevis et al.,
2009). Among licensed BZDs, Lorazepam is one of the most indicated drugs for both
insomnia treatment and anxiety (Amato et al., 2010).

The action of Lorazepam on parotid glands of rats was also analyzed by Rinaldi et al.,
(2015) and Mattioli et al., (2016). The authors observed that the chronic use of this BZD
contributed significantly to the decrease in number and proliferation of acinar cells,

reduction of salivary flow and increase in cell volume. In view of this reduction in the
number of acinar cells observed in the aforementioned studies, caused by the
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pharmacological interaction of Lorazepam with salivary glands, a possible apoptotic effect
was hypothesized by the chronic use of this drug on these cells of the parotid glands of
rats.

Apoptosis plays a fundamental role in the elimination of unwanted, damaged or infected
cells in multicellular organisms and also in several biological processes, including cellular
development, differentiation and proliferation (Su et al., 2016). For the detection of these
cells, the Terminal Deoxynucleotidyl Tranferase-mediated Deoxyuridine Triphosphate
Biotin Nick End-labeling (TUNEL) technique is one of the most used (Tilly, 1996), being
gold standard (Burattini et al., 2009).

In the absence of previous studies demonstrating Lorazepam-induced apoptosis in acinar
cells, the aim of this study was to evaluate the apoptotic action of BZD on acinar cells of
the parotid glands of rats by quantification of apoptotic cell nuclei (NCA), number of
acinar cells (N) and nuclear proliferation cell proliferation (PCNA) immunoexpression.

Material and Method

To carry out this study, the project was evaluated and approved by the Committee of
Ethics in the Use of Animals of the Pontifical Catholic University of Parand (PUCPR)
(CEUA / PUCPR n° 01084/2016 - 2nd version). For this, 40 male Rattus norvegicus
albinus Rodentia mammalia rats of the Wistar lineage (from the Central Vivarium of the
Pontifical Catholic University of Parana / PUCPR) were used, with body mass of ca. 250g.
The animals were kept in plastic cages and fed with Nuvilab® CR-1 (Nuvital Nutrientes
S.A)) pellets and water ad libitum, with light-dark cycles of 12 h and at temperature room
(25+1°C).

Experimental treatment

The treatment of the animals was performed and described by Mattioli et al., (2016), and
they were randomly assigned to four groups of ten specimens, according to the table
below (Table 1).
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Table 1 - Division of control and experimental groups according to drug used, daily dose,
administration and treatment period

Groups Drug Daily Administration Treatment
dose period
Gsa3o injectable 0,1 mL intraperitoneally, 30 days
0.9% saline (once a day, at
(Control) solution the same time)
injectable 0,1 mL intraperitoneally, 60 days
G 0.9% saline (once a day, at
S60 solution the same time)
(Control)
injectable 0,5mg/Kg Intramuscularly 30 days
GLao SLCEJIE:;ZBam of (once a day, at
(Experimental) 106* the same time)
injectable 0,5 mg/Kg Intramuscularly 30 days
SLCEJI:J;;ZBam of (once a day, at
GLso s sa0 105* the same time)
(Experimental)
injectable  0.9% 0,1mL intraperitoneally, 31— 60
l luti (once a day, at days
saline solution the same time)

*Cosmética Farméacia de Manipulacdo Ltda, Curitiba, Parana, Brazil
Death of animals and excisions of the parotid glands

The animals of the control and experimental groups were killed by overdose of thiopental
sodium 120 mg / kg (Thionembutal ® Abbott Laboratérios do Brasil Ltda., Sd0 Paulo,
Brazil), intraperitoneally and intracardiacly after the periods of thirty and sixty days.

The right and left parotid glands were removed using a No. 12 scalpel blade and placed in
previously identified universal collectors with 10% buffered formalin for 48 hours.

TUNEL processing and technique

The formalin-fixed parotid glands were embedded in paraffin (donor block). From this
donor block, a 3 mm diameter cylinder with trephine drill (Neodent®, Curitiba, Brazil)
was coupled to a 130 watt suspension motor from Bethil (Prometal Ind. Met. LTDA®,
Marilia,Brazil). Ten of these cylinders were organized into rows and columns, and
embedded in paraffin (receptor block), constituting the tissues microarray (TMA) (Sawaki
et al., 1995; Kosuge et al., 2009). In the sequence, microscopic sections with 4 pm
thickness were made and then the slides obtained were submitted to the TUNEL
technique.

The TUNEL technique was used to detect apoptosis in acinar cell, based on the marking of
the DNA fragments resulting from the breakage of genomic DNA in situ Cell Death
Detection Kit, POD -. Roche® (Roche Diagnostics GmbH, 11684817910, Mannheim,
Germany) was used according to the manufacturer's instructions.
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After dewaxing the sections, endogenous peroxidase activity was blocked in 5% hydrogen
peroxide solution and methanol for 15 minutes at room temperature. Sections were then
treated with 0.1 citrate buffer, pH 6.0 in a water bath, for 25 minutes at 99 ° C for
antigenic recovery.

After washing in TBS-tris (pH 7.0), the slides were covered with 50 pL of the solution
enzyme reaction mixture with the label solution and then incubated for 1 hour at 37 ° C in
a humidified atmosphere in the dark. After being washed in PBS, the slides were covered
with 50 ul POD-converting, and incubated for 30 minutes at 37 ° C in a humid chamber.

Following washing in PBS, the slides were incubated in diaminobenzidine solution (DAB,
K3468 DAKO DAB + chromogen substrate liquid system, Carpinteria, CA, USA) for 15
seconds at room temperature. They were contrasted with Harris haematoxylin. In negative
controls, the enzyme solution was omitted.

Ten images for each cylinder (totaling 400 images) were captured by a micro Dino-
Lite ® (AM 423 x AmMo Electronics Corporation, New Taipei City, Taiwan) coupled into
a microscope  Olympus ®BX50 (Olympus  Corporation, Ishikawa, Japan)
at a magnification of 400 x, connected To a Dell Inspiron 15459 notebook (Round Rock,
Texas, USA). The images were analyzed by a single observer in morphometry Image
ProPlus ™ 4.5 software (Media Cybernetics, Silver Spring, MD), in which a virtual grid
was applied to images for the counting of nuclei positive for apoptosis, of dark brown
coloration and non-apoptotic, of purple coloration.

The examiner counted one image of each cylinder and repeated counting the same image
after twenty-one days to check for reproducibility and absence of systematic error. The
entire sample was counted only after this verification. It was observed that the Dahlberg
error was 5.10%, indicating that the examiner reliably reproduced the cell count in
apoptosis. Student's t-test showed that there was no systematic error in the count (p =
0.16) (Midtgard et al, 1974; Houston, 1983).

From the total number of nuclei (sum of apoptotic + non-apoptotic nuclei), the percentages
of apoptotic cell nuclei (NCA) were calculated. Final values were determined from the
means of the percentages of the ten fields.

The data of number of N and PCNA were also extracted from the works of Rinaldi et al.,
2015 and Mattioli et al., 2016, respectively.

Statistical analysis

It used the SPSS ®23.0 (SPSS Inc., Chicago, IL) with a significance level of 5% (p
<0.05).

Initially, we tested the normality of the variable percentage second group, using
the Shapiro-Wilk test. Since the data presented normal distribution, the comparison
between the groups was done with ANOVA, followed by the Tukey HSD test, since
Levene’s test for homogeneity of variances accused homogeneous variances.
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Results

On the thirtieth day, there was no statistically significant difference between the G and
G 130 s30 groups in relation to the NCA and PCNA (Table 1) (Figure 1A and B). There
was no statistically significant difference in N in G 30 group than in the G s3 (Table 1).

Table 1 - Average values and standard deviation (SD) of the variables
according to the groups treated for 30 days with saline (G s3p) and Lorazepam (G | 30)

Groups G s30 G L3
Variables Mean = SD Mean = SD
NCA% 37.94 + 5.94° 33.14 + 8.02°
PCNA 55.80 + 14.38% 43.90 + 22.46%
N (x 10 6) 44,73 + 7.292 27.26 + 7.48"

Anova test p <0.0000; Observed Power: 1,0000

Different letters mean statistically significant differences
NCA- Apoptotic cell nuclei

PCNA- Immunoexpression nuclear antigen of cell proliferation
N Number of acinar cell nuclei

In the groups treated for sixty days, the percentage of NCA in the G 30+ s30 group was
significantly higher when compared to the control G sg (Table 2) (Figure 1 C and
D). The opposite was observed for the value of N (Table 2). Statistically similar values of
PCNA were found between the G | 30 + s30 s60 groups and G (Table 2).

Table 2 - Average values and standard deviation (SD) of the variables
according to the groups treated for 60 days with saline (G sg0) and Lorazepam and
saline (G 30+ s30)

Groups G s G a0+ s
Variables Mean + SD Mean + SD
NCA% 31.85+9.18° 54.05 + 8.00°
PCNA 50.00 + 17.53° 41.50 + 18.06%
N (x 10 ©) 40.55 + 4.64° 30.62 +8.13"

Anova test p <0.0000; Observed Power: 1,0000

Different letters mean statistically significant differences

NCA- Apoptotic cell nuclei

PCNA- Immunoexpression Nuclear Antigen of Cellular Proliferation (PCNA)
N-Number of acinar cell nuclei
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Figure 1- Parotid gland photomicrograph of rat subjected to (A): thirty days with
Lorazepam G 30. (B): Thirty days with saline G s3o, (C): Thirty days with Lorazepam and
from the thirty-first day with saline G 130+ s30, (D):. Sixty days with saline Gsgo. Apoptotic
cells nuclei were stained brown at 400 x magnification.

Discussion

This is the first study evaluating apoptosis in the salivary glands of rats treated with
Lorazepam, where it was verified that the use of this BZD caused in comparison to the
control: a) at thirty days, a statistically significant difference in the number of acinar cell
nuclei (N) in the G |30 group than the G s3p so as no statistically significant difference in
the number of apoptotic cell nuclei (NCA) and cell proliferation (PCNA); b) sixty days,
the percentage of apoptotic cells G |30 + s30 group, proved to be significantly higher than in
the control G sgo. A statistically significant reduction in the amount of N was also observed
between these groups.
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The results for N, at thirty and sixty days, and for NCA at sixty days, observed in this
research, are within the same rationale, demonstrating the deleterious effect of Lorazepam
on parotid glands of rats. In this sense, it was viable to raise the possible hypothesis that
these drugs besides sialorreductive are still inducer of apoptosis, a fact that corroborates
all the findings previously observed by this research group (Zaclikevis et al., 2009; Rinaldi
et al., 2015; Mattioli et al., 2016). Thus, the present study revealed that the use of
Lorazepam caused when compared to the control: a) at thirty days, a statistically
significant difference in the number of acinar cell nuclei (N), the G |30 group than in the
G s30,50 as no difference in the number of apoptotic cell nuclei (NCA) and cell
proliferation (PCNA); b) sixty days, the percentage of apoptotic cells G 3 + s30
group, proved to be significantly higher in the control G sgo. A statistically significant
reduction in the amount of N was also observed between these groups. Statistically similar
values of PCNA were found between the experimental and control groups.

The studies of Rinaldi et al., (2015) and Mattioli et al., (2016) evaluating respectively N
and PCNA, using the same samples from this study showed that the least number of acinar
cells found in the G |3 group may have been the result of a lower PCNA, which was not
statistically significant compared to the G s3o, but that may have led to fewer acinar cells
due to the balance of proliferation / apoptosis, within the group. At this time (thirty days),
Lorazepam has not yet increased apoptosis of acinar cells, compared to the control group,
probably because of a pharmacokinetic effect, since it is a very liposoluble drug and has a
long-lasting plasma half-life (De Almeida et al ., 2012).

Late effect of Lorazepam, checked thirty days following its use for the G |30 + s30 group
showed fewer acinar cells, resulting in increased apoptosis rate compared to the treatment
for thirty days G 3o, which confirms the hypothesis considered in the study by Rinaldi et
al., (2015). It should be remembered that in the groups treated for sixty days, BZD was
suspended on the thirtieth day and saline was administered from the thirty-first
day. Lorazepam is a drug that does not present active metabolites, being metabolized by
means of direct conjugation with a glycoside radical, in a process faster than oxidation,
having a half-life of 12 to 18 hours (De Almeida et al., 2012). Considering that this BZD
has a half-life greater than others, such as Midazolam, for example, its action would act
for a longer time, a fact that could explain the late effect of this drug.

The study by Zaclikevis et al., (2009) on the action of BZDs on parotid glands of rats
revealed a reduction of salivary flow and Cell volume. In view of this, it was postulated
that this fact could be due to the alteration of the number of acinar cells. Thus, Rinaldi et
al., (2015) confirmed that the use of this drug contributed to a decrease in the number of
acinar cells, hypothesizing a possible apoptotic action of Lorazepam on these cells, in
addition to alteration in cell proliferation. These data corroborate the findings of the
present study, since Lorazepam, when administered chronically, caused an apoptotic effect
on the cells of the parotid glands of rats. Adding to these results, Mattioli et al., (2016) still
verified a reduction of acinar cell proliferation, due to the chronic use of this drug.

Similarly to the present study, Pavlovic et al., (2012) also evaluated the apoptotic power of
BZD on rat thymocytes, since they were incubated for a twenty-four hour period with a
BZD. After this period, the authors found that exposure to the drug resulted in an increase
in cell death by apoptosis. There are no previous studies evaluating the apoptotic action of
Lorazepam on acinar cells. Further studies should be carried out in this regard.
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Fafalios et al., (2009) demonstrated that Lorazepam has antiproliferative and pro -
apoptotic actions since it inhibited the growth and viability of cancerous cells
in the prostate in vitro for eighteen hours and in vivo, when introduced antitumor effect in
mice that were grafted with prostate cancer cells for tumor development, and it regressed
in size and volume when treated with BZD. In spite of being aware of all the genetic and
molecular changes that occur in cancer cells, and in the absence of other studies to
compare Lorazepam-induced apoptosis, this study is in line with the present research,
since it has demonstrated that Lorazepam has pro-apoptotic effect at sixty days on acinar
cells of parotid glands of rats, as occurred in acinar cancer cells of the prostate.

With inhibitory action on CNS acting mainly in the hypothalamus and brainstem,
benzodiazepines exhibit action on a specific receptor, called the benzodiazepine receptor,
gamma-aminobutyric acid (GABA g) on subunit A (GABA,). Gamma-aminobutyric acid
(GABA) is a CNS inhibitory neurotransmitter, widely distributed throughout the brain,
which acts by opening the chlorine channels, generating hyperpolarization of neurons and
inhibiting the generation of action potential. The benzodiazepines bind to GABAAa
facilitating the action of GABA (Howard et al., 2014). In addition to this the CNS
GABA A is also found in the salivary gland (Chen et al., 2012), a lesser amount in the
CNS (Sawaki et al., 1995). This fact justifies the alteration and decrease of the salivary
flow concentration in BZD users by the inhibition of this receptor (Kazunori et al., 2011),
leading them, as previously described, to hyposalivation and / or Xerostomia
(Guggenheimer et al., Moore, 2003; Lambrecht et al., 2013; Raghavan et al., 2014).

It has been demonstrated in cancer cells that a BZD peripheral receptor ligand causes
mitochondrial decoupling and cytochrome C loss through induction of the mitochondrial
permeability transition, a fact that plays an important role in the cellular apoptosis process
(Li, Wang, Zang, 2007). However, no previous study evaluated whether Lorazepam
induced apoptosis could occur via this receptor. Additional studies should be conducted to
confirm the role of GABA in apoptosis, and to conclude this hypothesis.

Within the limits of the present study, it can be concluded that the use of Lorazepam led to
a significant decrease in the number of acinar cell nuclei and a higher percentage of
apoptotic cell nuclei in rat parotid glands.
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Anexos

Anexo A — Paracer Comiteé de Etica

Pontificia Universidade Catélica do Parana
Pré-Reitoria de Pesquisa e P6s-Graduagio
Comité de Etica em Pesquisa no Uso de Animais

GRIPO MARISTA

Curitiba, 13 de outubro de 2016.
PARECER DE PROTOCOLO DE PESQUISA
REGISTRO DO PROJETO: 01084/2016 — 2° versdo

TITULO DO PROJETO: Andlise histomorfométrica e Imunohistoquimica de glandulas parétidas de ratos submetidos ao tratamento
crénico com Benzodiazepideos.

PESQUISADOR RESPONSAVEL
Ana Maria Trindade Grégio

EQUIPE DE PESQUISA
Marina Rinaldi, Patricia Vida Cassi Bettega

INSTITUICAO

Pontificia Universidade Catélica do Parana
ESCOLA / CURSO
Escola de Ciéncias da Vida / Odontologia

VIGENCIA DO PROJETO | Dados ja coletados QUANTIDADE DE ANIMAIS | Dados ja coletados
ESPECIE/LINHAGEM | Rattus norvegicus (Ratos) B s Néo se aplica
SEXO Dados j4 coletados é‘m\g‘?ﬁﬁisde vida ivre) N&o se aplica
IDADE / PESO Dados j4 coletados .E:;gﬁlgwco-s o vmg?,gpo N&o se aplica
ORIGEM DO ANIMAL Pesquisas anteriores LOCAL (IS) Néo se aplica

(Somente animals de vida livre)

O colegiado do CEUA certifica que este protocolo que envolve a produgdo, manutengdo e/ou utilizagdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto homem), para fins de pesquisa cientifica, encontra-se de acordo com os
preceitos da Lei n® 11.794/2018 e Decreto n° 6.899/2009, e com as normas editadas pelo CONCEA e foi APROVADO pela CEUA -
PUCPR em reuniéo de 13.10.2016. Se houver mudanga do protocolo o pesquisador deve enviar um relatério & CEUA descrevendo de
forma clara e sucinta, a parte do protocolo a ser modificado e as suas justificativas. Se a pesquisa, ou parte dela for realizada em
outras instituicdes, cabe ao pesquisador néo iniciar antes de receber a autorizagéo formal para a sua realizagao.

O documento que autoriza o inicio da pesquisa deve ser carimbado e assinado pelo responsavel da instituicido e deve ser

mantido em poder do pesquisador responsavel, podendo ser requerido por esta CEUA em qualquer tempo. Lembramos ao
pesquisador que é obrigatério encaminhar o relatério anual parcial e relatério final da pesquisa a esta CEUA.

Atenciosamente,
Profa. Dra. M, Luciane Fischer
Coordengdofa / dciane Fischer

a Bd@so de Animais

Rua Imaculada Conceigéo, 1155 Prado Velho CEP 80.215-901 Curitiba Parana Brasil
Telefone: (41) 3271-2292 www.pucpr.br
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Atiah, H. A., Abuhammad, S., Grégio, A. M. T. ( 2016). Experimental Confirmation of the
Utility of Nasturtium officinale Used Empirically as Mouth Lesion Repairing Promotor.
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Capitulo de livro

Grégio, A. M. T., Veiga, F. F., Rinaldi, M., Bettega, P.V.C. (2015). “Antifungals for
Candidosis Treatment”, in Oral Candidosis Physiopathology,Decision Making, and
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Editoracéo

Grégio, A. M. T., Bettega, P.V.C., Rinaldi, M., Johann A. C. B. R. (2016). Phytotherapy
Approaches for Oral Ulcers Treatment. New York: Nova Science Publishers.

ANEXO C — NORMAS DA REVISTA FRONTIERS IN PHARMACOLOGY
Author Guidelines

1.Summary Table

Please view the table below for a summary on currently accepted article types and general
manuscript style guidelines. Article types may vary depending on journal. Original
Research 350 words

2. Manuscript Guidelines

Registration with Frontiers

Please note that the corresponding and all submitting authors MUST register with
Frontiers before submitting an article. You must be logged in to your personal Frontiers
Account to submit an article.

For any co-author who would like his/her name on the article abstract page and PDF to be
linked to a Frontiers profile on the Loop network, please ensure to register before the final
publication of the paper.
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Original Content

Frontiers publishes only original content. It therefore requires that all submissions must
consist as far as possible of content that has not been published previously. In accordance
with COPE guidelines, we expect that “original wording taken directly from publications
by other researchers should appear in quotation marks with the appropriate citations.” This
condition also applies to an author’s own work, and to submissions adapted from
conference abstracts and proceedings papers, please see the following sections for more
information

Theses and Dissertations

In submitted manuscripts, Frontiers allows the inclusion of content which first appeared in
an author’s thesis so long as this represents the only medium it has appeared in, is in line
with the author’s university policy, and can be accessed online. If the thesis is not archived
online, it is considered as original, unpublished data and thus is subject to the unpublished
data restrictions of some of our article-types. This inclusion should be noted in the
Acknowledgements section of the manuscript and the thesis should be cited and
referenced accordingly in the Reference list. For some examples, please check
our References section.

Conferences, Proceedings and Abstracts

Manuscripts which first appeared as conference papers can be considered as original work
if expanded upon. As a rule of thumb, at least 30% of content must be original. Authors
submitting such work are required to:

1.Cite the conference in the Acknowledgements section, or the references section if
applicable

2.Seek permission for reuse of the published conference paper if the author does not hold
the copyright

Blogs

Although permissible, extended manuscript content which has previously appeared online
in non-academic media e.g. blogs, should be declared at the time of submission in a cover
letter or in communication with the relevant editorial office for consideration.

Article Type

Frontiers requires authors to carefully select the appropriate article type for their
manuscript, and to comply to the article type descriptions defined in the journal’s "Article
Types", which can be seen from the "For Authors"™ menu on any Frontiers journal
page. Please pay close attention to the word count limits. Focused Reviews, Frontiers
Commentaries and Grand Challenge articles are invited by the chief editor and cannot be
part of any Frontiers Research Topic. Unless you were contacted by the chief editor or the
editorial office regarding the submission of a paper selected for tier 2 promotion, do not
submit a Focused Review or a Frontiers Commentary - instead, submit a Review or a
General Commentary.

Please see Additional Requirements for specific article types including Focused Reviews,
General Commentaries, Protocols and Data Reports.
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Manuscript Length

Frontiers encourages its authors to closely follow the article word count lengths given in
the Summary Table. The manuscript length includes only the main body of the text,
footnotes and all citations within it, and excludes abstract, section titles, figure and table
captions, funding statements, acknowledgements and references in the bibliography.
Please indicate the number of words and the number of figures included in your
manuscript on the first page.

Language Editing

Frontiers requires manuscripts submitted to meet international standards for English
language to be considered for publication.

For authors who would like their manuscript to receive language editing or proofing to
improve the clarity of the manuscript and help highlight their research, Frontiers
recommends the language-editing service provided by our external partner Charlesworth
Group Author Services, who has a long standing track record in language editing. This is a
third-party service for which Frontiers authors will receive a discount by visiting the
following link: http://www.charlesworthauthorservices.com/~Frontiers.

Note that sending your manuscript for language editing does not imply or guarantee that it
will be accepted for publication by a Frontiers journal. Editorial decisions on the scientific
content of a manuscript are independent of whether it has received language editing or
proofing by the Charlesworth Group Author Services, or other services.

Language Style

The default language style at Frontiers is American English. If you prefer your article to
be formatted in British English, please specify this on your manuscript first page. For any
questions regarding style Frontiers recommends authors to consult the Chicago Manual of
Style.

Title

The title is written in title case, centered, and in 16 point bold Times New Roman font at
the top of page.

The title should be concise, omitting terms that are implicit and, where possible, be a
statement of the main result or conclusion presented in the manuscript. Abbreviations
should be avoided within the title.

Witty or creative titles are welcome, but only if relevant and within measure. Consider if a
title meant to be thought-provoking might be misinterpreted as offensive or alarming. In
extreme cases, the editorial office may veto a title and propose an alternative.

Authors should try to avoid, if possible:

Titles that are a mere question without giving the answer.

Unambitious titles, for example starting with "Towards"”, "A description of", "A
characterization of", "Preliminary study on".

Vague titles, for example starting with "Role of...", "Link between...", "Effect of..."
that do not specify the role, link, or effect.

Include terms that are out of place, for example the taxonomic affiliation apart
from species name.
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For Corrigenda, Book Reviews, General Commentaries and Editorials, the title of your
manuscript should have the following format:

"Corrigendum: Title of original article™

"Book Review: Title of book"

General Commentaries

1."Commentary: Title of original article” (This does not apply to Frontiers

Commentaries)

2."Response: Commentary: Title of original article”

3."Editorial: Title of Research Topic"

For article types requiring it, the running title should be a maximum of 5 words in
length. (see Summary Table)

Authors and Affiliations

All names are listed together and separated by commas. Provide exact and correct author
names as these will be indexed in official archives. Affiliations should be keyed to the
author's name with superscript numbers and be listed as follows: Laboratory, Institute,
Department, Organization, City, State abbreviation (USA, Canada, Australia), and
Country (without detailed address information such as city zip codes or street names).
Example: Max Maximus, Department of Excellence, International University of Science,
New York, NY, USA.

The Corresponding Author(s) should be marked with an asterisk. Provide the exact contact
email address of the corresponding author(s) in a separate section.

Correspondence:

MaxMaximus maximus@gmail.com

If any authors wish to include a change of address, list the present address(es) below the
correspondence details using a unique superscript symbol keyed to the author(s) in the
author list.

Headings and Sub-headings

Except for special names (e.g. GABAergic), capitalize only the first letter of headings and
subheadings. Headings and subheadings need to be defined in Times New Roman, 12,
bold. You may insert up to 5 heading levels into your manuscript (not more than for
example: 3.2.2.1.2 Heading title).

Abstract

As a primary goal, the abstract should render the general significance and conceptual
advance of the work clearly accessible to a broad readership. In the abstract, minimize the
use of abbreviations and do not cite references. The text of the abstract section should be
in 12 point normal Times New Roman. See Summary Table for abstract requirement and
length according to article type.

For Clinical Trial article types, please include the Unique Identifier and the URL of the
publicly accessible website on which the trial is registered.

Keywords
All article types: you may provide up to 8 keywords; at least 5 are mandatory.

Text
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The body text is in 12 point normal Times New Roman. New paragraphs will be separated
with a single empty line. The entire document should be single-spaced and should contain
page and line numbers in order to facilitate the review process. Your manuscript should be
written using either LaTeX or MS-Word.

Nomenclature

The use of abbreviations should be kept to a minimum. Non-standard abbreviations should
be avoided unless they appear at least four times, and defined upon first use in the main
text. Consider also giving a list of non-standard abbreviations at the end, immediately
before the Acknowledgments. [...].

Sections

Your manuscript is organized by headings and subheadings. For Original Research
Articles, Clinical Trial Articles, and Technology Reports the section headings should be
those appropriate for your field and the research itself.

For Original Research Articles, it is recommended to organize your manuscript in the
following sections or their equivalents for your field:

Introduction
Succinct, with no subheadings.

Material and Methods

This section may be divided by subheadings. This section should contain sufficient detail
so that when read in conjunction with cited references, all procedures can be repeated. For
experiments reporting results on animal or human subject research, an ethics approval
statement should be included in this section (for further information, see here)

Results

This section may be divided by subheadings. Footnotes should not be used and have to be
transferred into the main text.

Discussion

This section may be divided by subheadings. Discussions should cover the key findings of
the study: discuss any prior art related to the subject so to place the novelty of the
discovery in the appropriate context; discuss the potential short-comings and limitations
on their interpretations; discuss their integration into the current understanding of the
problem and how this advances the current views; speculate on the future direction of the
research and freely postulate theories that could be tested in the future.
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