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Resumo

Introducdo: O Midazolam provoca em glandulas parétidas de ratos reducédo da
proliferacdo de células acinares, aumento do numero de células mioepiteliais,
hipertofia acinar e reducdo do fluxo salivar. O presente estudo teve por objetivo
avaliar a apoptose em células acinares de glandulas pardtidas de ratos tratados
cronicamente com Midazolam associados ou ndo a Pilocarpina. Metodologia:
Sessenta ratos machos Wistar foram distribuidos aleatoriamente em 6 grupos:
controle receberam solucdo salina durante 30 dias (Sz0) e 60 dias (Seo) € 0s
demais grupos receberam Pilocarpina por 60 dias (Pso); Midazolam por 30 dias
(M3o0); Midazolam por 30 dias e mais 30 dias de salina (Mso+S30) e por fim
Midazolam por 30 dias e mais 30 dias de Midazolam e Pilocarpina (Mzo+MP30).0s
Cortes histologicos foram submetidos a técnica Terminal Deoxynucleotidyl
Transferase (TUNEL). Foram quantificados o numero de células positivas e
negativas, calculando-se o indice Apoptdtico (IA). Os dados foram analisados por
ANOVA a dois critérios e teste de Tukey, com nivel de significancia de 5%.
Resultados: Maior IA foi verificado nos grupos Mso (52,79 £ 9,01), M3o+S30 (62,43
+ 8,52), quando comparados aos grupos Sszo (37,94 + 5,94), Seo (31,85 + 9,18)
respectivamente (p<0,05). Nao houve diferencas entre os grupos Mso+MP30 (30,98
*+ 6,19) e Seo (31,85 + 9,18) para a variavel IA. Conclusdo: A administracéo
cronica do Midazolam demonstrou aumento no numero de células apoptoticas em
glandulas parotidas de ratos. Porem a Pilocarpina inibiu esse efeito,

reestabelecendo os parametros de normalidade e inibindo a apoptose.

Palavras-chave: Benzodiazepinico, Apoptose, Pilocarpina, Midazolam, Glandula salivar, TUNEL
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Introducao

Recentes dados da Organizacdo Mundial da Saude (OMS) de 2016
revelam que nos ultimos 23 anos houve um aumento expressivo (quase 50%)
nos casos de disturbios mentais. Mais de 615 milhdes de pessoas em todo o
mundo sofrem de algum tipo de depresséo ou ansiedade, representando 10% da
populagdo mundialltl,. A OMS também estima que, em casos de conflitos e
emergéncias humanitarias, ha necessidade de se ampliar o tratamento, ja que
uma a cada cinco pessoas sao afetadas por ansiedade e depressdao. O
tratamento medicamentoso contudo exerce impacto na economia mundial,
totalizando cerca de 1 trilhdo de délares a cada ano.?

No Brasil, os dados publicados na Pesquisa Nacional de Saude de 2013
demonstram que cerca de 11,2 milhdes de brasileiros (7,6% da populacéo total)
apresentam depressao e, em decorréncia disso, ela ja se tornou uma das cinco
doencas cronicas ndo transmissiveis mais prevalentes no pais juntamente com
diabetes, hipertenséo, problemas crénicos na coluna e colesterol alto. [

Os Benzodiazepinicos (BZD) sdo os medicamentos ansioliticos mais
prescritos para ansiedade, depressdo e estresse, sendo o Midazolam o mais
utilizado para tratamento de depresséo . Este farmaco é rapidamente absorvido
apos a sua administracdo, atingindo 90% de sua biodisponibilidade em 30
minutos e possui uma meia vida plasmaética de 1 a 3 horas. [ Seu uso continuo
deve ser avaliado com cautela, pois seus efeitos adversos interferem tanto na
condicdo geral do paciente quanto em sua salde bucal. ¥ Os BZDs apresentam
como efeitos colaterais gerais: diminuicdo da tonicidade muscular, sedacéao,
amneésia, comprometimento cognitivo e ataxia. Entre os efeitos adversos bucais

mais comuns, destaca-se a xerostomia. [



A xerostomia € conhecida como a sensacao subjetiva de boca seca, mas
nao necessariamente esta associada a uma diminuicdo real do fluxo salivar, ou
mesmo a uma hipofungdo da glandula salivar.l' A hipossalivacdo é a diminuicdo
da quantidade de fluxo salivar estimulado por meio da mensuracédo da quantidade
de saliva. Ambas as situacfes trazem prejuizo a vida dos pacientes como
dificuldade na adaptacdo de préteses, maior risco a candidose, caries
radiculares, mucosites, disfagia entre outras.[” 8l

A apoptose € um tipo de morte celular, induzida por um programa de
suicidio rigorosamente regulado. [ Esse processo pode ser fisiolégico como na
destruicdo programada de células durante a embriogénese, perda celular em
populacdes celulares proliferativas, morte de células que ja tenham cumprido seu
papel. A apoptose também pode ser deflagrada por processos patolégicos como
lesdo de DNA, por atrofia apos obstrucdo [, leséo celular em infecgdes' e uso
de farmacos!*3l.

Estudos tém verificado a apoptose de diferentes tipos celulares induzidos
por Midazolam 61415161 Ohno et al.(2012) verificou a alta toxicidade celular desse
BZD em células tumorais bucais.l'¥ Mishraet al. (2013) observou que o
Midazolam é capaz de induzir a apoptose em células tumorais humanas. ¢! So et
al. (2014, 2016) avaliou células tumorais de Leydig e observou que este BZD
desencadeia a cascata de caspase e seus mecanismos especificos além de
promover apoptose em células tumorais. [*>16] Contudo ainda ndo existem
estudos na literatura que avaliem especificamente a apoptose em células
acinares.

O presente grupo de pesquisa anteriormente verificou que o Midazolam

acarreta nas glandulas parétidas de ratos: um aumento do volume celular,
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reducdo do fluxo salivar, da proliferacdo de células acinares; [°® do nimero de
nicleos de células acinares; 1%, Contudo, o uso da Pilocarpina reestabeleceu
fluxo salivar P, normalizou o nimero de células acinares % e aumentou a
proliferacdo de células acinares [®l. A partir destes estudos, sugeriu-se entdo a
esta diminuicdo do numero de células acinares poderia ser, pelo menos em parte,
decorrente da apoptose destas células.

Frente aos resultados encontrados nos estudos prévios o presente estudo
tem como objetivo avaliar a apoptose de células acinares em glandulas parétidas
de ratos tratados cronicamente com Midazolam (Dormonid ®) e o papel da
Pilocarpina no restabelecimento dos parametros de normalidade.

A hipotese nula seria que néo haveria diferenca no indice Apoptético (IA)
de células acinares de glandulas salivares de ratos tratados com Midazolam,

solucéo salina e Pilocarpina.



Metodologia

Este estudo foi aprovado pelo Comité de Etica em Pesquisa no uso de
animais da Pontificia Universidade Catdlica do Parand (CEUA-PUCPR n°
01084/2016 — 2° verséo). Foram utilizados ratos machos do tipo Rattus
norvegicus albinus, Rodentia, mammalia da linhagem Wistar (oriundos do Biotério
Central da Pontificia Universidade Catdélica do Parana), com peso aproximado de
2509, que foram mantidos em gaiolas plasticas com agua e comida ad libitum,
com racdo Peletizada Nuvilab CR-1 (Nuvital Nutrientes S.A), respeitando o
fotoperiodo de doze horas e aclimatados ao ambiente laboratorial (25+1°C).

Os animais foram alocados aleatoriamente em seis grupos. Dois grupos
serviram como controle (Sso, Seo) e receberam somente 0,1 mL de solucéo
injetavel de soro fisiolégico 0,9%, via intraperitoneal, uma vez ao dia, no mesmo
horério, por trinta e sessenta dias, respectivamente.

Dentre os demais grupos, destaca-se Peso que recebeu 0,05 mL, de forma
tépica, de gel em orabase, preparado com 1% de hidrocloridrato de Pilocarpina
(Gerbras Quimica e Farmacéutica Ltda., Sdo Paulo, Brasil), uma vez ao dia, no
mesmo horario, por um periodo de sessenta dias.

O grupo Maso recebeu 0,5mg/Kg, via intramuscular, de solucao injetavel de
Midazolam 1% (Cosmética Farmacia de Manipulacdo Ltda, Curitiba, Parana,
Brasil), uma vez ao dia, sempre no mesmo horario, por um periodo de trinta dias.

O grupo Mzo+S3o foi submetido a 0,5mg/Kg, via intramuscular, de solugéo
injetavel de Midazolam 1% (Cosmética Farméacia de Manipulagédo Ltda, Curitiba,
Parana, Brasil), uma vez ao dia, sempre no mesmo horario, por trinta dias. A

partir do trigésimo primeiro dia, este mesmo grupo recebeu, por mais trinta dias



somente 0,1 mL de solucéo injetavel de soro fisioldgico 0,9%, via intraperitoneal,
uma vez ao dia, sempre no mesmo horario.

O grupo Mso+P30 recebeu 0,5mg/Kg, via intramuscular, de solugéo
injetavel de Midazolam 1% (Cosmética Farméacia de Manipulacéo Ltda, Curitiba,
Parana, Brasil), uma vez ao dia, sempre no mesmo horario, por trinta dias. A
partir do trigésimo primeiro dia, este mesmo grupo recebeu, por mais trinta dias,
somente 0,05mL de gel em orabase, preparado com 1% de hidrocloridrato de
Pilocarpina (Gerbras Quimica e Farmacéutica Ltda., S&o Paulo, Brasil),
topicamente, uma vez ao dia, sempre no mesmo horario.

No Quadro 1 encontra-se a distribuicdo dos grupos, numeros de animais,
famacos, periodo de tratamento, dose e vias de administracao.

O tempo de tratamento cronico foi determinado de acordo com a vida
média de um rato, em que os 30 dias representam aproximadamente 3 anos. O
grupo que recebeu o farmaco por 30 dias e suspendeu a medicacéo por mais 30
dias, visou simular a situacdo de um paciente que deixa de tomar o farmaco apos

0 mesmo periodo em que houve a administracéol18l,



Quadro 1- Distruibuicdo dos grupos, numeros de animais, famacos,

periodo de tratamento, dose e vias de administracao.

Quantidade Farmacos Periodo de Via de
Grupos Dose
de animais C = Concentracao tratamento administracéao

Soro Fisiolégico

S30 10 1-30 dias 0,1 mL Intraperitoneal
(C=0,9%)
Soro Fisiolégico
Seo 10 1-60 dias 0,1 mL Intraperitoneal
(C=0,9%)
Peo 10 Pilocarpina (C=0,1%) 1-60 dias | 0,05 mL Topica
0,5mg/K
Mso 10 Midazolam (C=1%) 1-30 dias Intramuscular
g
0,5mg/K
Midazolam 1-30 dias Intramuscular
g
M30+S30 10 +
Soro Fisiolégico 31-60 dias Intraperitoneal
0,1mL

Intramuscular

0,5mg/K
Midazolam 1-30 dias
g
Mzo+MP30 10 + Intramuscular
Midazolam+Pilocarpina | 31-60 dias +
0,1mL

Topica

Nota:1% de Hidrocloridrato de Pilocarpina (Gerbras Quimica e Farmacéutica Ltda, Sao
Paulo, Sdo Paulo, Brasil); Midazolam 1% (Cosmética Farméacia de Manipulacdo Ltda, Curitiba,
Parana Brasil); Soro Fisiologico ( LBS — Laborasa Industria Famacéutica Limitada, S&o Paulo,

Sao Paulo, Brasil).




Excisdo das glandulas parétidas

Apés o término de cada tratamento, os animais foram anestesiados e
eutanasiados por overdose da administracéo intraperitoneal de Tiopental Sodico
120mg/kg (Thionembutal®, Abbott Laboratérios do Brasil Ltda., Sdo Paulo, Brasil).

As glandulas parétidas direita e esquerda foram removidas com uso de
lamina de bisturi namero 12 e colocadas em um recipiente previamente
identificado, contendo formol a 10% por 48h e seccionadas no sentido

longitudinal.

Processamento e protocolo TUNEL

As glandulas pardtidas fixadas em formalina foram emblocadas em
parafina (bloco doador). Com o auxilio de uma broca trefina (Neodent®, Curitiba,
Brasil) de 3 mm de didametro acoplada a um motor de suspenséo de 130 watts de
Bethil (Prometal Ind. Met. LTDA®, Marilia, Brasil), foram realizados cortes
cilindricos de tamanhos iguais. Dez desses cilindros foram dispostos em linhas e
colunas, e imersos em parafina (bloco receptor), constituindo o tissues microarray
(TMA). [19201 Foram realizados cortes microscopicos com 4 um de espessura e,
em seguida, as laminas obtidas foram submetidas a técnica de TUNEL (Terminal
deoxynucleotidyl transferase) utilizando-se o Kit In situ Cell Death Detection, POD
(Roche Diagnostics GmbH, 11684817910, Mannheim, Alemanha) de acordo com
as instrucbes do fabricante. A técnica TUNEL (Terminal deoxynucleotidyl

transferase) tém sido o padrédo-ouro para avaliagdo de apoptose celular.[*”]



O ensaio de TUNEL foi utilizado para identificar células apoptéticas por
meio da marcacdo de fragmentos de DNA resultantes da quebra do DNA
gendmico.

Apés a desparafinizacdo das seccbOes, a atividade da peroxidase
endogena foi bloqueada com 5% de H202 em metanol durante 15 minutos a
temperatura ambiente. Os cortes foram entdo tratados com 0,1ml de tampé&o
citrato (pH 6,0) em banho-maria durante 25 minutos a 99° C para reativacdo de
epitopos.

Apos lavagem em TBS-tris (pH 7,0), as laminas foram cobertas com 50
uL da mistura reacional da solucdo enzima com a solucdo de marcacéao (label
solution). Em seguida, foram incubadas durante uma hora a uma temperatura de
37°C numa atmosfera humidificada no escuro. Apés lavagem em PBS, as
laminas foram cobertas com 50 ul de converter-POD e incubadas durante 30
minutos a 37 ° C em camara umida.

Em seguida, a incubacdo ocorreu em uma solucédo de diaminobenzidina
(DAB, K3468 DAKO DAB + substrato cromogénio sistema liquido, Carpinteria,
CA) durante 15 segundos a temperatura ambiente e as laminas contrastadas com

hematoxilina de Harris. Nos controles negativos, a solucédo de enzima foi omitida.

Analise da marcacdo de Apoptose

Dez imagens de cada cilindro (correspondendo a um rato cada) de TMA
foram capturadas por uma microcamera Dinolite® (AM 423x AmMo Eletronics
Corporation, New Taipei City, Taiwan) acoplada em um microscopio Olympus®

BX50 (Olympus Corporation, Ishikawa, Japdo), em magnificacdo de 400x,
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conectado a um notebook Dell Inspiron 15459 (Round Rock, TX). As 600
imagens foram analisadas por um unico 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 ndcleos acinares positivos para
apoptose, corados de marrom escuro e 0s nucleos nao apoptéticos, de coloracao
roxa.

A partir do numero total de nucleos contados (somatéria de nucleos
apoptoticos + ndo apoptoticos), foi calculado o indice apoptético (I1A). Os valores
finais foram determinados a partir das médias das porcentagens das dez
imagens.

O examinador realizou a contagem de uma imagem de cada corte e
repetiu a contagem da mesma imagem depois de vinte e um dias para verificar a
reprodutibilidade. Toda a amostra foi contada somente apds a verificacdo da
reprodutibilidade e da auséncia de erro sistematico. O erro de Dahlberg foi de
5,10%, indicando que o examinador reproduziu de forma confiavel a contagem
das células. O teste t de Student revelou que ndo houve erro sistematico na

contagem (p=0,16).

Analise de antigeno nuclear de proliferacdo celular e nimero de células acinares

(PCNA e N)

O presente estudo adicionou os dados obtidos em estudos prévios por

meio da imuno-histoquimica para PCNA (antigeno nuclear de proliferacdo
celular)®!l e andlise histomorfométrica do ndmero de células acinares (N)[*%na

mesma amostra, para fins de comparacao.
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Analise estatistica

A andlise estatistica foi realizada utilizando-se o programa SPSS 21.0
(SPSS Inc, Chicago, IL). O teste de Shapiro- Willk observou que as variaveis
apresentaram distribuicdo normal. O teste de homogeneidade de variancias de
Levene verificou que a amostragem apresentou variancia homogénea. Visando
comparar se os valores médios das variaveis (utilizacdo ou ndo de medicamento)
nos grupos apresentaram diferencas estatisticamentes significantes, realizou-se
ANOVA a dois critérios com modelo fatorial completo e, em seguida, o teste
Tukey HSD.O nivel de significAncia adotado em todos os testes foi de 5%

(p<0,05).
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Resultados

Houve aumento no indice apoptoético (IA) nos grupos que receberam
somente o Midazolam (Mso, M3o+S30) quando comparados aos grupos controle
(S30, Seo) respectivamente (Tabelas 1 e 2; Figura 1).

Houve uma diminuicdo significante no grupo Mso e Mso+ Sso quando
comparado ao Sszo e Seo respectivamente quando analisados o valor de N. Um
aumento no PCNA e N foi verificado na associacdo no grupo Mso+MP30 quando

comparado a Mso+ Sso.
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Tabela 1 — Valores Médios = Desvio Padrdo das variaveis estudadas nos

grupos tratados por 30 dias.

Grupos

IA (%)

PCNA (%)

N (x 10 ©)

S3o

37,94 +5,94 @

55,8 + 14,382

44,73+ 7,29 2

Mso

52,79 +9,01°

39,6 +£30,00 2

27,72+55°

Nota: “Letras diferentes equivalem a diferencas estatisticamente significantes em linha

(p<0,05); 1A= indice Apoptético; PCNA= Antigeno nuclear de proliferacdo celular; N =Numero de

células acinares.
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Tabela 2 - Valores Médios + Desvio Padrdo das variaveis estudadas nos

grupos tratados por 60 dias.

Gru pos Pso Sso M30+S30 M3o+MP30
IA (%) 30,78 £ 4,522 31,85+9,182 62,43 £ 8,52" 30,98+6,19°2
PCNA (%) 46,8 + 13,502b 50 + 17,53 ab 39+14,112 67 +19,10b
N (x 10 ) 40,05 = 8,092 40,55 £ 4,642 31,10 + 3,30° 37,96 £ 5,442

Nota: “Letras diferentes equivalem a diferencas estatisticamente significantes em linha
(p<0,05); 1A= indice Apoptdtico; PCNA= Antigeno nuclear de proliferacéo celular; N =NGmero de

células acinares.
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Figura 1 — Fotomicrografia das células acinares de glandulas salivares parotidas de ratos tratados

com: (A)Soro fisiolégico por 30 dias, (B) Soro fisiolégico por 60 dias, (C) Pilocarpina por 60 dias,
(D) Midazolam por 30 dias, (E) Midazolam por 30 dias + soro fisiolégico por 30 dias, (F)
Midazolam por 30 dias + Pilocarpina por 30 dias (Magnificacdo de 400x). Todas as laminas foram
processadas por TUNEL. As setas em vermelho indicam as células apopt6ticas com nucleo

corado em marrom.
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Discussao

O presente estudo verificou, por meio da técnica de TUNEL para apoptose,
um aumento do IA nos grupos Mso, M3o+Ssz0 quando comparados aos grupos
controle em as glandulas parotidas de ratos.

Analisando-se isoladamente o tratamento crénico com Midazolam por 30
dias e Midazolam por 30 dias mais 30 dias de solucao salina em comparacao aos
grupos controle tratados com solucdo salina, foi observado um aumento
expressivo de apoptose em glandulas parétidas de ratos. Esse aumento da
apoptose associado a manutencdo da taxa de proliferacdol®, provavelmente
responsavel pelo menor nimero de células acinares.'®! Foi demonstrado em um
estudo prévio que o uso topico do Midazolam em mucosa nasal de ratos acarreta
uma maior apoptose quando comparado ao grupo controle, concordando com 0s
resultados do presente estudo em glandula parétida de ratos.?tl Ja foi também
reportado que esse farmaco também induziu apoptose em célula tumorais de
Leydig, desencadeando a cascata de caspase e seus mecanismos especificos.
[15,16]

Quando verificamos que o grupo tratado cronicamente com Midazolam
associado a Pilocarpina apresenta indices de apoptose, proliferagédo celular e um
namero de células acinares semelhantes aos do grupo com solugcao salina,
sugere-se que a Pilocarpina foi eficaz no reestabelecimento do numero de células
acinares. Estudos ja revelaram que a Pilocarpina tem uma protecéo eficaz contra
a poptose neuronal induzida por glutamato através do receptor muscarinico M1.
[22]

Os resultados obtidos no grupo tratado somente com Pilocarpina mostraram

nao haver diferencas entre valores de células apoptéticas quando comparado
17



grupos tratados somente com solucdo salina, mostrando que o uso isolado da
Pilocarpina nédo causa apoptose em células acinares. Segundo Montoya et al.[?3],
apesar de inumeras outras opc¢cbes medicamentosas, a Pilocarpina continua
sendo uma medicacdo segura e eficaz para o tratamento da hipossalivagéo. [22]

Dentro dos limites do presente estudo, os resultados encontrados explicam
ao menos em parte, os efeitos adversos do Midazolam. Deve ser levado em
consideracdo o fato de que a pesquisa foi realizada em animais de laboratorio,
porém em um grupo bem controlado quanto a alimentacao, ciclo claro-escuro,
ambientacdo e administracdo medicamentosa.

O Midazolam tem provocado reacfes em diferentes tecidos e células
tumorais aumentando ou diminuindo a apoptose dependendo do tecido.
[14.15,16.17.21] Em virtude disso, sugere-se que novos estudos sejam realizados para
investigar a apoptose em células acinares induzidas pelo Midazolam, pois ha
uma caréncia na literatura cientifica atual com relacdo a esse assunto. Estudos
adicionais podem levar ao melhor entendimento do mecanismo que desencadeia
essa reacdo apoptotica e a adogcdo de alternativas que possam reverter esse

mecanismo.
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Conclusao

Dentro das limitacbes do presente estudo, pode-se concluir que a
administracdo cronica do Midazolam demonstrou aumento no niamero de células
apoptoéticas em glandulas parétidas de ratos. Observou-se também uma acao

acino protetora da Pilocarpina reestabelecendo o niumero de células acinares.

Conflito de interesses

Nenhum conflito.

19



Referéncias

. http://lwww.un.org/apps/news/story.asp?NewsID=53674#.V9L2{JgrLIW

. http://www.un.org/apps/news/story.asp?News|D=53674#.V9i4hpgrK02

. Pesquisa Nacional de Saude. 2013. IBGE.

. Reddy SD, Reddy DS. Midazolam as an anticonvulsant antidote for
organophosphate intoxication--A pharmacotherapeutic appraisal.

Epilepsia. 2015 Jun;56(6):813-21. doi: 10.1111/epi.12989.

De Almeida, P. D. V., Johann, A. C. B. R,, Alanis, L. R. A., de Lima, A. A.
S., and Grégio, A. M. T. Antidepressants: side effects in the mouth. Oral
Health Care Pediatric, Research, Epidemiology and Clinical Practices, ed

M. S. Virdi (Rijeka: InTech - Open Access Publisher), 113-128, 2012.

. Mishra SK, Kang JH, Lee CW, Oh SH, Ryu JS, Bae YS, Kim HM.
Midazolam induces cellular apoptosis in human cancer cells and inhibits tu
mor growth in xenograft mice. Mol Cells. 2013 Sep;36(3):219-26. doi:

10.1007/s10059-013-0050-9.

. Ship JA. Diagnosing, managing, and preventing salivary gland disorders.

Oral Dis. 2002;8(2):77-89.

. Frydrych, AM. Dry mouth: Xerostomia and salivary gland hypofunction.

Aust Fam Physician. 2016 Jul;45(7):488-92.

. Mattioli TM., Alanis LR., Sapelli Sda S., de Lima AA., de Noronha L., Rosa
EA., Althobaiti YS., Almalki AH., Sari Y., Ignacio SA., Johann AC., Gregio
AM. Effects of Benzodiazepines on Acinar and Myoepithelial Cells. Front
Pharmacol. 2016 Jun 24;7:173. doi: 10.3389/fphar.2016.00173

20


http://www.un.org/apps/news/story.asp?NewsID=53674#.V9L2jJgrLIW
http://www.un.org/apps/news/story.asp?NewsID=53674#.V9i4hpgrK02
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=26032507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=26032507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Midazolam+as+an+anticonvulsant+antidote+for+organophosphate+intoxication--A+pharmacotherapeutic+appraisal.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Midazolam+induces+cellular+apoptosis+in+human+cancer+cells+and+inhibits+tumor+growth+in+xenograftmice.

10.Rinaldi M, Johann AC, Rocha F, Ignacio SA, Rosa EA, Alanis LR, Sari
Y,da Silva S,de Lima AA,do Prado AM, Bettega PV, Gregio AM.
Histomorphometric Analysis of Salivary gland in Wistar Rats Treated
Chronically With Two Benzodiazepines Curr Pharm

Biotechnol. 2015;16(6):573-8.

11.Monier B.; Suzanne M.. The Morphogenetic Role of Apoptosis. Curr Top

Dev Biol. 2015;114:335-62.

12.Fuentes-Gonzalez AM, Contreras-Paredes A, Manzo-Merino J, Lizano M.
The modulation of apoptosis by oncogenic viruses. Virology Journal.

2013;10:182. doi:10.1186/1743-422X-10-182.

13.Creeley CE, Olney JW. Drug-Induced Apoptosis: Mechanism by which
Alcohol and Many Other Drugs Can Disrupt Brain Development.Brain Sci.

2013 Sep 1;3(3):1153-81.

14.0hno S., Kobayaski K., Uchida S., Amano O., Sakagami H., Nagasaka H.
Cytotoxicity and type of cell death induced by midazolam in human oral
normal and tumos cells. Anticancer Res. 2012 Nov;32(11):4737-47.

15.So EC, Lin YX, Tseng CH, Pan BS, Cheng KS, Wong KL, Hao LJ, Wang
YK, HuangBM. Midazolam induces apoptosis in MA10 mouse Leydig tumor
cells through caspase activation and the involvement of MAPK signaling
pathway. Onco Targets Ther. 2014 Feb 13;7:211-21. doi:
10.2147/0TT.S56084.

16.So EC, Chen YC, Wang SC, Wu CC, Huang MC, Lai MS, Pan BS, Kang
FC, Huangm BM. Midazolam regulated caspase pathway, endoplasmic
reticulum stress, autophagy, and cell cycle to induce apoptosis in MA-10
mouse Leydig tumor cells. Onco Targets Ther. 2016 Apr 27;9:2519-33. doi:
10.2147/0TT.S101671.

21


https://www.ncbi.nlm.nih.gov/pubmed/?term=Rinaldi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johann%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rocha%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ignacio%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosa%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alanis%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sari%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sari%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Lima%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=do%20Prado%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bettega%20PV%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gregio%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25860068
https://www.ncbi.nlm.nih.gov/pubmed/?term=10.%09Histomorphometric+Analysis+of+Salivarygl+and+in+Wistar+Rats+Treated+Chronically+With+Two+Benzodiazepines
https://www.ncbi.nlm.nih.gov/pubmed/?term=10.%09Histomorphometric+Analysis+of+Salivarygl+and+in+Wistar+Rats+Treated+Chronically+With+Two+Benzodiazepines
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monier%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26431573
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzanne%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26431573
https://www.ncbi.nlm.nih.gov/pubmed/26431573
https://www.ncbi.nlm.nih.gov/pubmed/26431573

17. Darzynkiewicz Z, Galkowski D, Zhao H. Analysis of apoptosis by
cytometry using TUNEL assay. Methods. 2008 Mar;44(3):250-4. doi:
10.1016/j.ymeth.2007.11.008.

18. Howard, P., Twycross, R., Shuster, J., Mihalyo, M., and Wilcock, A.
Benzodiazepines. J Pain Symptom Manage. 2014 May;47(5):955-64. doi:
10.1016/j.jpainsymman.2014.03.001.

19. Sawaki, K., Ouchi, K., Sato, T., Kawaguchi, M. (1995). Existence of
gamma-aminobutyric acid and its biosynthetic and metabolic enzymes in
rat salivary glands. Jpn J Pharmacol. 67:4.359-563.
doi.org/10.1254/jip.67.359.

20. Kosuge, Y., Kawaguchi, M., Sawaki, K., Okubo, M., Shinomiya, T., Sakali,
T. (2009). Immunohistochemical study on GABAergic system in salivary
glands. Eur J Pharmacol 610:1-3.18-22. doi:
10.1016/j.ejphar.2009.02.043.

21.0zbay I.; Kucur C.; Deger A.; Ital I.; Cayci MK.; Oghan F. Cytotoxic Effects
of Intranasal Midazolam on Nasal Mucosal Tissue. J Craniofac Surg. 2015
Sep;26(6):2008-12. doi: 10.1097/SCS.0000000000001965.

22.Zhou, Wei et al. Neuroprotection of muscarinic receptor agonist pilocarpine
against glutamate-induced apoptosis in retinal neurons. Cellular and
molecular neurobiology, v. 28, n. 2, p. 263-275, 2008.

23.Gil-Montoya JA, Silvestre FJ., Barrios R., Silvestre-Rangil J. Treatment of
xerostomia and hyposalivation in the elderly: A systematic review. Med
Oral Patol Oral Cir Bucal. 2016 May 1;21 (3):e355-66.

24.Vinkers CH, Olivier B. Mechanisms Underlying Tolerance after Long-

Term Benzodiazepine Use: A Future for Subtype-Selective GABA(A)

22


https://www.ncbi.nlm.nih.gov/pubmed/24681184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gil-Montoya%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=27031061
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silvestre%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=27031061
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barrios%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27031061
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silvestre-Rangil%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27031061
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vinkers%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22536226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olivier%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22536226

Receptor Modulators? Adv Pharmacol Sci. 2012;2012:416864. doi:
10.1155/2012/416864.

25.Allen DG. Et Al. Hand Book Of Veterinary Drugs. 2 Ed. New York
Philadelphia: Lippincott Raven, 1998.

26.0dou P., Barthélémy C., Chatelier D., Luyckx M., Brunet C., Dine
T., Gressier B., Cazin M., Cazin JC., Robert H. Pharmacokinetics of
midazolam: comparison of sublingual and intravenous routes in rabbit. Eur

J Drug Metab Pharmacokinet. 1999 Jan-Mar;24(1):1-7

23


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mechanisms+Underlying+Tolerance+after+Long-Term+Benzodiazepine+Use%3A+A+Future+for+Subtype-Selective+GABA(A)+Receptor+Modulators.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barth%C3%A9l%C3%A9my%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chatelier%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luyckx%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunet%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dine%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dine%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gressier%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cazin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cazin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robert%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10412885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pharmacokinetics+of+midazolam%3A+comparison+of+sublingual+and+intravenous+routes+in+rabbit.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pharmacokinetics+of+midazolam%3A+comparison+of+sublingual+and+intravenous+routes+in+rabbit.

Anexo A

Pontificia Universidade Catélica do Parana
Pro6-Reitoria de Pesquisa e Pés-Graduagio
pucPRr Comité de Etica em Pesquisa no Uso de Animais

GRUPO MARISTA

Curitiba, 13 de outubro de 2016.
PARECER DE PROTOCOLO DE PESQUISA

REGISTRO DO PROJETO: 01084/2016 — 2° versdo

TITULO DO PROJETO: Analise histomorfométrica e Imunohistoquimica de glandulas parétidas de ratos submetidos ao tratamento

cronico com Benzodiazepideos.

PESQUISADOR RESPONSAVEL
Ana Maria Trindade Grégio

EQUIPE DE PESQUISA

Mariana Rinaldi, Patricia Vida Cassi Bettega

INSTITUIGAO
Pontificia Universidade Catélica do Parana
ESCOLA/ CURSO
Escola de Ciéncias da Vida / Odontologia
VIGENCIA DO PROJETO | Dados j4 coletados QUANTIDADE DE ANIMAIS | Dados ja coletados
ESPECIE/LINHAGEM | Rattus norvegicus (Ratos) I kg Néo se aplica
" ATIVIDADES ;
SEXO Dados ja coletados (Somente animals do vida livre) Nao se aplica
IDADE / PESO Dados j4 coletados $§;§§'§Mlco's " Vmﬁﬁgpo Nao se aplica
i i LOCAL (IS x N
ORIGEM DO ANIMAL Pesquisas anteriores {Somente "{m)ls do vida livre) Néo se aplica

O colegiado do CEUA certifica que este protocolo que envolve a produgdo, manutencéo elou 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 instituigdes, cabe ao pesquisador n&o iniciar antes de receber a autorizagéo formal para a sua realizag&o.

O documento que autoriza o inicio da pesquisa deve ser carimbado e assinado pelo responséavel da instituicéo 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 final da pesquisa a esta CEUA.

Atenciosamente,

Rua Imaculada Conceigdo, 1155 Prado Velho CEP 80.215-901 Curitiba Parané Brasil
Telefone: (41) 3271-2292 www.pucpr.br

24



Anexo B

Artigo em Inglés

Introduction

Recent data from the World Health Organization (WHO) in 2016 show that
in the last 23 years there has been an expressive increase (almost 50%) in cases
of mental disorders. Over 615 million people worldwide suffer from some form of
depression or anxiety, accounting for 10% of the world's population [1]. The WHO
also estimates that in cases of conflict and humanitarian emergencies, there is a
need to expand treatment, as one in five people are affected by anxiety and
depression. Drug treatment, however, has an impact on the world economy,
totaling about 1 trillion dollars each year. [2]

In Brazil, data published in the National Health Survey of 2013 show that
about 11.2 million Brazilians (7.6% of the total population) present with depression
and, as a result, it has already become one of the five chronic diseases Most
prevalent in the country along with diabetes, hypertension, chronic spinal
problems, and high cholesterol. [3]

Benzodiazepines (BZDs) are the most commonly prescribed anxiolytic
medications for anxiety, depression, and stress, with Midazolam being the most
widely used treatment for depression [4]. This drug is rapidly absorbed after
administration, reaching 90% of its bioavailability in 30 minutes and has a plasma
half-life of 1 to 3 hours. [4] Its continuous use should be evaluated with caution,
since its adverse effects interfere both in the general condition of the patient and

in his oral health. [5] BZDs present as general side effects: decreased muscle
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tone, sedation, amnesia, cognitive impairment and ataxia. Among the most
common oral adverse effects, xerostomia stands out. [5,6]

Xerostomia is known as the subjective sensation of dry mouth, but it is not
necessarily associated with a real decrease in salivary flow or even hypofunction
of the salivary gland. Hyposalivation is the decrease in the amount of salivary flow
stimulated through Measurement of the amount of saliva. Both situations lead to
impairment in patients' lives, such as difficulty in prosthesis adaptation, increased
risk of candidiasis, root caries, mucositis, dysphagia, etc. [7,8]

Apoptosis is a type of cell death, induced by a strictly regulated suicide
program. This process can be physiological as in the programmed destruction of
cells during embryogenesis, cell loss in proliferative cell populations, death of cells
that have already fulfilled their role. Apoptosis can also be triggered by
pathological processes such as DNA damage, atrophy after obstruction [11], cell
injury in infections [12], and drug use [13].

Studies have verified the apoptosis of different cell types induced by
Midazolam [6,14,15,16]. Ohno et al. (2012) verified the high cellular toxicity of this
BZD in oral tumor cells. [14] Mishraet al. (2013) noted that Midazolam is capable
of inducing apoptosis in human tumor cells. [6] So et al. (2014, 2016) evaluated
Leydig tumor cells and observed that this BZD triggers the caspase cascade and
its specific mechanisms in addition to promoting apoptosis in tumor cells. [15,16]
However, there are no studies in the literature that specifically evaluate apoptosis
in acinar cells.

The present research group has verified that Midazolam causes rats to
parotid glands: an increase in cell volume, reduction of salivary flow, proliferation

of acinar cells; [9] the number of acinar cell nuclei; [10]. However, the use of
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Pilocarpine re-established salivary flow [9], normalized the number of acinar cells
[10] and increased proliferation of acinar cells [9]. From these studies, it was then
suggested that this decrease in the number of acinar cells could be, at least in
part, due to the apoptosis of these cells.

The aim of this study was to evaluate apoptosis of acinar cells in the
parotid glands of rats chronically treated with Midazolam (Dormonid ®) and the
role of Pilocarpine in the reestablishment of normality parameters.

The null hypothesis would be that there would be no difference in the
Apoptotic Index (Al) of acinar cells of salivary glands of rats treated with

Midazolam, saline and Pilocarpine.

Mehtodology

This study was approved by the Committee of Ethics in Research on the
use of animals of the Pontifical Catholic University of Parana (CEUA-PUCPR n°
01084/2016 - 2nd version). Male rats of the Rattus norvegicus albinus, Rodentia,
Wistar lineage mammals (from the Central Biotério of the Pontifical Catholic
University of Parana), weighing approximately 250 g, were used in plastic cages
with water and ad libitum food, with ration Pelletized Nuvilab CR-1 (Nuvital
Nutrientes SA), respecting the photoperiod of twelve hours and acclimated to the
laboratory environment (25 + 1 ° C).

The animals were randomly allocated into six groups. Two groups served
as controls (S30, S60) and received only 0.1 mL of 0.9% saline solution
intraperitoneally once daily at the same time for thirty and sixty days, respectively.

Among the other groups, we highlight P60, which received 0.05 mL,

topically, of gel in orabase, prepared with 1% of Pilocarpine hydrochloride
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(Gerbras Quimica e Farmacéutica Ltda., Sdo Paulo, Brazil), once Day, at the
same time, for a period of sixty days.

The M30 group received 0.5mg / kg intramuscularly of intravenous
solution of Midazolam 1% (Cosmética Farméacia de Manipul¢cdo Ltda, Curitiba,
Parand, Brazil), once daily, always at the same time, for a period of thirty days .

The M30 + S30 group was submitted to 0.5mg / kg, intramuscularly, of
intravenous solution of Midazolam 1% (Cosmética Farmacia de Manipulacéo
Ltda, Curitiba, Parana, Brazil), once daily, always at the same time for thirty Days.
From the thirty-first day, this same group received, for a further thirty days, only
0.1 mL of 0.9% saline solution intraperitoneally, once daily, always at the same
time.

The M30 + P30 group received 0.5 mg / kg, intramuscularly of solution of
Midazolam 1% (Cosmética Farmacia de Manipulacdo Ltda, Curitiba, Parang,
Brazil), once a day, always at the same time, for thirty days. From the thirty-first
day, this same group received, for a further thirty days, only 0.05 ml of orabase
gel, prepared with 1% of Pilocarpine hydrochloride (Gerbras Quimica e
Farmacéutica Ltda., Sdo Paulo, Brazil), topically, Once a day, always at the same
time.

Table 1 shows the distribution of groups, numbers of animals, drugs,
treatment period, dose and routes of administration.

Chronic treatment time was determined according to the average life of a
mouse, in which the 30 days represent approximately 3 years. The group that
received the drug for 30 days and suspended the medication for another 30 days,
was aimed at simulating the situation of a patient who stops taking the drug after

the same period of administration [18].
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Table 1- Distribution of groups, numbers of animals, drugs, treatment
period, dose and routes of administration.
Amount of Drugs Treatment Route of
Groups Dose
Animals C = Concentration Period Administration
S30 10 Saline (C=0,9%) 1-30 days 0,1 mL Intraperitoneal
Se0 10 Saline (C=0,9%) 1-60 days 0,1 mL Intraperitoneal
Peo 10 Pilocarpine (C=0,1%) 1-60 days | 0,05 mL Topical
0,5mg/K
Mao 10 Midazolam (C=1%) 1-30 days Intramuscular
g
0,5mg/K
Midazolam 1-30 days Intramuscular
g
M30+S30 10 +
Saline 31-60 days Intraperitoneal
0,1mL
Intramuscular
0,5mg/K
Midazolam 1-30 days
g
M3so+MP30 10 + Intramuscular
Midazolam+Pilocarpine | 31-60 days +
0,1mL
Topical

Note: 1% of Pilocarpine hydrochloride (Gerbras Quimica e Farmacéutica Ltda, Sdo Paulo, Sao

Paulo, Brazil); Midazolam 1% (Cosmetics Pharmacy Manipulation Ltda, Curitiba, Parana Brazil);

Physiological Serum (LBS - Laborasa Industria Famacéutica Limitada, Sdo Paulo, S&o Paulo,

Brazil).
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Excision of parotid glands

After completion of each treatment, the animals were anesthetized and
euthanized by overdose of the intraperitoneal administration of Thiopental
Sodium 120mg / kg (Thionembutal®, Abbott Laboratories of Brazil Ltda., Séo

Paulo, Brazil).

The right and left parotid glands were removed using a No. 12 scalpel
blade and placed in a previously identified container containing 10%

formaldehyde for 48 h and longitudinally sectioned.

Processing and protocol TUNEL

The formalin-fixed parotid glands were embedded in paraffin (donor block).
A 3-mm-diameter trephine drill bit (Neodent®, Curitiba, Brazil) was coupled to a
130-watt suspension motor from Bethil (Prometal Ind. Met. LTDA®, Marilia,
Brazil). Sizes. Ten of these cylinders were arranged in rows and columns, and
immersed in paraffin (receptor block), constituting the tissues microarray
(TMA). [19,20] Microscopic sections with 4 uym thickness were obtained and
then the slides obtained were submitted to the TUNEL (Terminal
deoxynucleotidyl transferase) technique using the Cell Death Detection In POD
Kit (Roche Diagnostics GmbH, 11684817910, Mannheim, Germany) according
to the manufacturer's instructions. The TUNEL technique (Terminal
deoxynucleotidyl transferase) has been the gold standard for evaluation of

cellular apoptosis. [17]
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The TUNEL assay was used to identify apoptotic cells by labeling DNA

fragments resulting from the breakdown of genomic DNA.

After dewaxing the sections, endogenous peroxidase activity was blocked
with 5% H 2 O 2 in methanol for 15 minutes at room temperature. The sections
were then treated with 0.1ml of citrate buffer (pH 6.0) in a water bath for 25

minutes at 99 ° C for reactivation of epitopes.

After washing in TBS-tris (pH 7.0), the slides were covered with 50zel of the
reaction solution of the enzyme solution with the label solution. Thereafter, they
were incubated for one hour at a temperature of 37¢C in a humidified
atmosphere in the dark. After washing in PBS, the slides were covered with 50
pI of POD-converting and incubated for 30 minutes at 37 ° C in a humid

chamber.

Then the incubation was carried out in a solution of diaminobenzidine
(DAB, K3468 DAKO DAB + substrate chromogen liquid system, Carpinteria, CA)
for 15 seconds at room temperature and the slides stained with Harris

hematoxylin. In the negative controls, the enzyme solution was omitted.

Apoptosis labeling

Ten images from each cylinder (corresponding to one mouse each) of
TMA were captured by a Dinolite® microcamera (AM 423 x AmMo Eletronics
Corporation, New Taipei City, Taiwan) coupled on an Olympus® BX50
microscope (Olympus Corporation, Ishikawa, Japan) , In magnification of 400 x,
connected to a Dell Inspiron 15459 notebook (Round Rock, TX). The 600 images
were analyzed by a single observer in the Image Proplus ™ 4.5 morphometry
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program (Media Cybernetics, Silver Spring, MD), in which a virtual grid was
applied to the images for counting positive actin nuclei for apoptosis, stained dark
brown and The non-apoptotic nuclei, purple in color.

From the total number of nuclei counted (sum of apoptotic + non-apoptotic nuclei),
the apoptotic index (Al) was calculated. The final values were determined from the
averages of the ten images.

The examiner counted one image from each cut and repeated counting
the same image after twenty-one days to check for reproducibility. The entire
sample was counted only after verification of reproducibility and absence of
systematic error. Dahlberg's error was 5.10%, indicating that the examiner reliably
reproduced the cell count. Student's t test revealed no systematic error in the

score (p = 0.16).

Analysis of nuclear proliferation cell antigen and number of acinar cells (PCNA

and N)

The present study added the data obtained in previous studies using
immunohistochemistry for PCNA (nuclear proliferation antigen) [9] and
histomorphometric analysis of the number of acinar (N) cells [10] in the same

sample for comparison purposes .

Statistical analysis

Statistical analysis was performed using SPSS 21.0 software (SPSS Inc,
Chicago, IL). The Shapiro-Willk test found that the variables had a normal
distribution. The Levene variance homogeneity test verified that the sample had

homogeneous variance. In order to compare whether the mean values of the
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variables (use or not of medication) in the groups presented statistically significant
differences, ANOVA was performed on two criteria with a complete factorial model

and then the Tukey HSD test. The level of significance adopted in all The tests

were 5% (p <0.05).
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Results

There was an increase in the apoptotic index (Al) in the groups that
received only Midazolam (M30, M30 + S30) when compared to the control groups
(S30, S60) respectively (Tables 1 and 2, Figure 1).

There was a significant decrease in the M30 and M30 + S30 groups when
compared to the S30 and S60 respectively when analyzed for the value of N. An
increase in PCNA and N was verified in the association in the M30 + MP30 group

when compared to M30 + S30.
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Table 1 - Mean values + Standard deviation of the variables studied in the

groups treated for 30 days.

Groups S30 Mso
IA (%) 37,94 +£5,94 2 52,79 +9,01°
PCNA (%) 55,8 + 14,382 39,6 £ 30,00 @
N (x 10 6) 44,73+ 7,29 @ 27,72+5,5°

Note: * Different letters are equivalent to statistically significant differences
in line (p <0.05); IA = Apoptotic Index; PCNA = Cell proliferation nuclear antigen;

N = Number of acinar cells.
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Table 2 - Mean values + Standard deviation of the variables studied in the

groups treated for 60 days.

Groups Pso Seo M3o+S30 Mao+MP30
1A (%) 30,78 £ 4,522 31,85+9,182 62,43 £ 8,52" 30,98+6,19°2
PCNA (%) 46,8 + 13,502b 50 + 17,53 ab 39+14,112 67 +19,10b
N (x 10 ) 40,05 = 8,092 40,55 £ 4,642 31,10 + 3,30°" 37,96 £ 5,442

Note: * Different letters are equivalent to statistically significant differences in line (p
<0.05); 1A = Apoptotic Index; PCNA = Cell proliferation nuclear antigen; N = Number of acinar

cells.
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Figure 1 - Photomicrograph of the acinar cells of the parotid salivary glands of rats treated with: (A)
Physiological saline for 30 days, (B) Physiological saline for 60 days, (C) Pilocarpine for 60 days,
(D) Midazolam for 30 days, (E) Midazolam for 30 days + saline for 30 days, (F) Midazolam for 30
days + Pilocarpine for 30 days (Magnification 400 x). All slides were processed by TUNEL. The
red arrows indicate apoptotic cells with a brown colored nucleus.
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Discussion

The present study verified, through the TUNEL technique for apoptosis, an
increase in Al in the M30, M30 + S30 groups when compared to the control
groups in the parotid glands of rats.

By analyzing the chronic treatment with Midazolam for 30 days and
Midazolam for 30 days plus 30 days of saline in comparison to the saline-treated
control groups, a significant increase of apoptosis was observed in the parotid
glands of rats. This increase in apoptosis associated with the maintenance of
proliferation rate [9], probably responsible for the lower number of acinar cells.
[10] It has been demonstrated in a previous study that the topical use of
Midazolam in the nasal mucosa of rats entails a greater apoptosis when
compared to the control group, agreeing with the results of the present study in
rats parotid gland. It has also been reported that this drug also induced apoptosis
in Leydig tumor cells, triggering the caspase cascade and its specific
mechanisms. [15,16]

When we verified that the chronically treated group with Midazolam
associated with Pilocarpina presents apoptosis, cell proliferation and a number of
acinar cells similar to those in the saline group, it is suggested that Pilocarpine
was effective in reestablishing the number of acinar cells. Studies have already
shown that Pilocarpine has effective protection against glutamate-induced
neuronal poptosis through the M1 muscarinic receptor. [22]

The results obtained in the group treated only with Pilocarpine showed no
differences between apoptotic cell values when compared to groups treated with
saline only, showing that the use of Pilocarpine alone does not cause apoptosis in

acinar cells. According to Montoya et al. [23], despite numerous other drug
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options, Pilocarpine remains a safe and effective medication for the treatment of
hyposalivation. [23]

Within the limits of the present study, the results found explain at least in
part the adverse effects of Midazolam. Consideration should be given to the fact
that the research was performed on laboratory animals, but in a well-controlled
group regarding feeding, light-dark cycle, setting and drug administration.

Midazolam has elicited reactions in different tissues and tumor cells by
increasing or decreasing apoptosis depending on the tissue. [14,15,16,17,21] In
light of this, it is suggested that further studies are conducted to investigate
apoptosis in acinar cells induced by Midazolam, as there is a lack in current
scientific literature regarding this subject. Further studies may lead to a better
understanding of the mechanism that triggers this apoptotic reaction and the

adoption of alternatives that may reverse this mechanism.

Conclusion

Within the limitations of the present study, it can be concluded that the
chronic administration of Midazolam demonstrated an increase in the number of
apoptotic cells in the parotid glands of rats. A protective actinic action of

Pilocarpine was also observed, reestablishing the number of acinar cells.
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reviews are especially welcome). Most reviews should be between 2500 and 3000 words, should be fully
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but not the boxes (“what is known”/ “what this adds”) that are required only for original research articles. They
will be subject to the other requirements of an original research paper.

From time to time the Journal will publish themed issues, including review articles and related original

research papers. Authors who want to suggest a theme for a special issue should contact the Editor-in-Chief.

Systematic reviews

The Journal welcomes systematic reviews. The manuscript should provide a concise account of the methods

45


http://olabout.wiley.com/WileyCDA/Section/id-406074.html
http://exchanges.wiley.com/authors/oa-policies-by-funder_272.html
http://exchanges.wiley.com/medialibrary/2015/02/19/712a7263/General%20Compliance%20Map%20-%20Gold.pdf
http://authorservices.wiley.com/bauthor/suppmat.asp
http://authorservices.wiley.com/bauthor/suppmat.asp

used, and concentrate on highlighting key aspects of interest and relevance to clinical pharmacologists, under

the following headings: Structured Summary, Introduction, Methods, Results, Discussion, and Conclusion.
e Introduction This should mention the background (e.g. relevant clinical and pharmacological
issues) and describe the scope and aim of the review. What was the reason for the review? The
strengths and weaknesses of the existing literature should be briefly described, earlier reviews
identified and the need for the present paper explained.

e Methods Study selection (search strategy, type of intervention/exposure, types of studies included,
types of outcomes, types of participants); data extraction and synthesis (statistical techniques and
use of a quality assessment tool, if any).

e Results The key characteristics of the included studies and the main outcome measures; discuss
variation within and between studies.

e Discussion Compare the findings to existing knowledge; outline the limitations of the review.

e Conclusion Summarize the key findings and the implications for clinical pharmacology and/or
practical drug therapy.

Letter to the Editor

Comments on previously published papers, items of topical interest, and brief original communications will be
considered under this heading. The length, including references, should not exceed 800 words, plus one
figure or table. The letter should NOT be divided into sections.

Case reports (must be submitted as Letter to the Editor)

The Journal generally does not publish case reports as full papers but will do so as letters to the Editor. As for
other letters the length, including references, should not exceed 800 words, plus one figure or table. Such
case reports (for example adverse drug reactions or interactions) should include some novel aspect of drug
action in man (for example a new adverse reaction or one that gives insight into a mechanism or method of
management). Such reports may include single cases or short case series. Notes and guidelines on the
format for publishing such reports, including a structured summary, will be found

at http://www.bmj.com/content/suppl/2003/06/19/326.7403.1346.DC1.

TERMINOLOGY

Stereoisomers

When a drug can exist as stereoisomers or diastereomers (for example geometrical isomers), the form of
compound studied must be designated as follows in the methods section.

In the case of racemates the prefix rac- should precede the drug name (for example rac-propranolol).

When possible the absolute configuration of enantiomers should be indicated (for example (S)-warfarin).
Similarly, geometrical isomerism should be indicated by the prefixes Z/E or cis/trans. When appropriate, the
interpretation of data obtained using mixtures of isomers should take account of stereochemical aspects.
Drug names

Prescribed drugs should be designated by an International Non-proprietary Name (recommended, rINN, or
proposed, pINN). If such a name is not available, a drug should be designated by its British Approved Name
(BAN; for example hyoscyamine) or its chemical name (for example glyceryl trinitrate).

When a mixture of drugs has a combination BAN (for example co-trimoxazole, co-fluampicil), that should be
used.

For brevity, a company's code name may be used, but in that case the full chemical name or a figure showing
the structure of the drug should be given in the introduction or a reference provided that gives this
information.
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Some mediators with well established common names (e.g. prostacyclin) are also prescribed as licensed
preparations with an rINN (e. g. epoprostenol). In such cases the rINN should be used in the context of
therapeutic use. Sometimes English and American usage varies, as with adrenaline / epinephrine and
noradrenaline / norepinephrine. “Adrenaline / noradrenaline” relate clearly to terms such as “noradrenergic”,
“adrenergic” and “adrenal gland” but we will accept the term preferred by authors.

Units

Sl units (mass or molar units) should be used. If other units are used, a conversion factor should be included
in the Methods section.

Symbols

A set of standard symbols in pharmacokinetics and pharmacodynamics can be found here.

STRUCTURE

Title page

The title page should include
e the title giving an informative and accurate indication of the content of the paper. It should be no
longer than 150 characters, including spaces;

e the names, positions, and addresses of the authors;

e the name and e-mail address of the submitting author and the corresponding author, if different;

e arunning head of no more than 75 characters, including spaces;

e keywords (these are used to identify potential referees and as indexing terms);

e the word count, excluding the title page, summary, references, tables, and figures;

e the numbers of tables and figures.
In order to ensure correct citation of your article on PubMed, should your article be accepted for publication,
please include spaces in-between author's initials on the title page of your manuscript, e.g. A E Smith. If
author's initials do not appear on the title page of your manuscript according to these guidelines they may
appear incorrectly on PubMed until your article has been typeset and published in an issue.

Summary

The text must be preceded by a structured summary, including the following headings:
. Aim(s)

. Methods

. Results (some numerical data, including confidence intervals on differences, when appropriate, must
be included)

. Conclusions

The summary should be a maximum of 250 words; abstracting services truncate summaries that are longer. It

should be couched in terms that will be understood by most readers of the Journal.

Analytical methods
Authors should include details of the precision, accuracy, sensitivity, and specificity of an analytical method

used to measure drugs, metabolites or biomarkers or refer to other publications in which the information is

given.
. Precision is a measure of random error, usually expressed as the coefficient of variation.
. Accuracy is a measure of systematic error, also called bias; it can be expressed as the percentage

difference between the result for a test sample and the reference value for that compound.
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. Sensitivity or lower limit of quantification.

° Specificity is the extent to which the method does not detect compounds other than those intended.

Statistical methods

In the Methods section statistical methods should be described clearly, with references when appropriate.
Editors and referees will be particularly concerned that any study described had sufficient statistical power for
its purpose; when appropriate, the power of the study and its calculation should be described in the Methods
section.

In the Results section 95% confidence intervals of differences should be cited where relevant for important
endpoints. This is particularly important when equivalence is being claimed (i.e. for non-significant
comparisons). The Editors may utilize specialist statistical referees for manuscript review where necessary.
Tables

Tables should generally not have more than 85 characters to a line (counting spaces between columns as 4
characters) and certainly not more than 110 characters to a line, unless absolutely unavoidable. Each table
should be typed on a separate page and be in an editable format (doc or xIs).

Figures and use of colour

Please provide high quality figures suitable for the journal’s production processes. Use of colour (free to
authors) is encouraged when it improves the clarity of the message conveyed.

To enhance the presentation of their articles, authors are encouraged to use colours in complementary pairs
(example): a primary pair that is close to the colour of the journal and existing tables (example ); a secondary
pair for use when there are multiple figures side by side, or purely for variety within a paper ( example); and a
third pair to particularly highlight a figure, possibly in the conclusion/results part of a paper ( example). With
certain figures when it is helpful to strongly differentiate between sets of results, the first colour of each pair
should initially be used ( example), with the corresponding extra colours introduced as necessary. As blocks,
the suggested colours all work together and should be clear to those readers who are colour-blind ( example).
Although white backgrounds are generally advisable, if necessary a suggested background colour that works
both with the overall look of the journal, and the proposed colour palette is illustrated (example).

Digital files should be prepared in accordance with the instructions that will be found

at http://authorservices.wiley.com/bauthor/illustration.asp. The eps format (illustrations, graphs, annotated
artwork; minimum resolution 800 dpi) and tif format (micrographs, photographs; minimum resolutions 300 dpi)
are recommended, although in some cases other formats can be used.

References
. References should be cited using the Vancouver style (see examples below; for detailed instructions
see http://www.icmje.org).

. References in the manuscript text should appear as humbers in square brackets.

° The reference list should show the references in numerical and not alphabetical order, and should
include the names of the first six authors (plus et al if there are more than six), the full title of the article,
the title of the publication (abbreviated as in Medline or PubMed), the year, the volume number, and the
first and last page numbers.

° References to books should include the names of the editors, the edition number, when appropriate,
and the place of origin and the name of the publisher.

. The accuracy of the references is the responsibility of the author. Referencing should be thorough
but not excessive. Older literature that has been well reviewed can be referred to indirectly by citing the
review(s).

Examples:
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http://authorservices.wiley.com/bauthor/illustration.asp
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1. Johnson TN, Rostami-Hodjegan A, Tucker GT. A comparison of methods to predict drug clearance
in neonates, infants and children. Br J Clin Pharmacol 2004; 57: 677-8.

2. Metters J (editor). Independent Steering Committee Report of an Independent Review of Access to
the Yellow Card Scheme. London: The Stationery Office, 2004.

3. Hoffman BB, Lefkowitz RJ. Beta-adrenergic receptor antagonists. In: The Pharmacological Basis of
Therapeutics, Eighth Edition, eds Gilman AG, Rail TW, Nies AS, New York: Pergamon Press, 1990:
229-43.

Accepted articles and Early view

References to papers published as Accepted Articles should be cited thus: Ferro A. Paediatric prescribing:
why children are not small adults. Br J Clin Pharmacol 2015. doi: 10.1111/bcp.12540.

Archived data

References to archived data supporting the publication should be cited thus: Brown, LJ; Year. Dataset title;
Data repository or archive; Version (if any); Persistent identifier (e.g. DOI).

References to data on file

Any assertions within a submitted manuscript that are backed up by reference to unpublished data should be
clearly noted as such in the body of the manuscript and should give a clear direction to the reader as to how
they might request this data: e.g. ‘ACME34178 is not metabolised by CYP3A4 (unpublished data on file,
ACME Drug Co. Ltd., Didcot, UK)', ‘Drug Z is known to partition extensively into erythrocytes (personal
communication from Prof. X, University of Y)’

If making such a reference to unpublished data the author should obtain (and provide the Editorial Office with
a copy) written permission to mention an individual (Prof X) or should identify a department in a company that
can be contacted with an address (Department of Drug Metabolism, ACME Drug Co, drugmet@acme.com)

and the permission should come from the head of that department or their designate.
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support from employing institutions identifiable from the title page. Authors are reminded that if they want to
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Supporting Information

Supporting Information can be a useful way for an author to include important but ancillary information with
the online version of an article. Examples of Supporting Information include additional tables, data sets,
figures, movie files, audio clips, 3D structures, and other related nonessential multimedia files. Supporting
Information should be cited within the article text, and a descriptive legend should be included. It is published
as supplied by the author, and a proof is not made available prior to publication; for these reasons, authors

should provide any Supporting Information in the desired final format.

For further information on recommended file types and requirements for submission, please

visit: http://authorservices.wiley.com/bauthor/suppinfo.asp

ONCE YOUR ARTICLE IS ACCEPTED

If your article is accepted, you will be asked to submit both a copyright form (see above) and a table of links to
the table of links to the BPS/IUPHAR Guide to Pharmacology.

Creating and submitting tables of links to the BPS/IUPHAR Guide to Pharmacology

Nomenclature used in your article should follow that of the BPS/IUPHAR Guide to Pharmacology. Should
your manuscript be accepted, the main pharmacological targets discussed in your manuscript will ultimately

be listed as two tables of links (for key [but not all] targets and ligands). You are not required to include these
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tables of links at submission - this will be requested should your manuscript move forward in the review
process, and you will be supplied with full instructions on how to do so. Your tables of links will also be
checked by the copy editors. For an example of these tables, please see here.

Proofs

Proofs will be sent to the corresponding author and should be returned within 3 days of receipt to the
Production Editor. The corresponding author will receive an e-mail alert containing a link to a secure web site.
A working e-mail address must therefore be provided for the corresponding author. In the absence of the
corresponding author, please arrange for a colleague to access the e-mail to retrieve the proofs.

Acrobat Reader will be required in order to read the proof file and can be downloaded (free of charge) from
the following website: http://www.adobe.com/products/acrobat/readstep2.html. This will enable the file to be
opened, read on screen, and printed out in order that corrections can be made.

Further instructions will be sent with the proof. In your absence, please arrange for a colleague to access your
e-mail to retrieve the proofs.

Corrections should be kept to a minimum. Extensive changes may be charged to the author.

Once proofs have been corrected the paper will be published online in the next available issue. The online
version is definitive and there will be no further opportunity for correction. The date of publication of the article
is the date of its first appearance online as an Accepted Article.

Author Services

Author Services enables authors to track their article once it has been accepted through the production
process to publication online and in print. Submitting authors can check the status of their articles online and
choose to receive automated e-mails at key stages of production, so that they don’t need to contact the
production editor to check progress. Visit http://authorservices.wiley.com/bauthor for more details on online
production tracking and for a wealth of resources, including FAQs, tips on article preparation, submission, and
more.

Through Author Services, all successful authors will be invited to join Kudos, to assist with enhancing the
value of their research, and they will also have the opportunity to share the version of record of their accepted
article with up to ten colleagues.

Offprints

Free access to the final PDF offprint of your article will be available via author services only. Please therefore
sign up for Author Services if you would like to access your article PDF offprint and enjoy the many other
benefits the service offers. Although the journal is now published online only, paper offprints can be ordered
at prices quoted on the order form that accompanies the proofs, provided that the form is returned with the
proofs.

These are normally dispatched within 3 weeks of publication of the issue in which the paper appears;
however please note that they are sent by surface mail, so overseas orders may take up to 6 weeks to arrive.
PDF offprints are sent to the requesting author at his/her first e-mail address on the title page of the paper,
unless advised otherwise; please therefore ensure that the name, address and e-mail address of the

corresponding author are clearly indicated on the manuscript title page if he or she is not the first author of the

paper.

The BJCP Annual Prize for Authors in Training
The British Pharmacological Society awards an annual prize of £1,000 for the best paper published in BJCP
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during an academic year. Those eligible will be Registrars in Clinical Pharmacology and Therapeutics (usually
ST3s and above) registered for Higher Medical Training in the UK and the Republic of Ireland and those in
comparable training schemes (including PhD schemes) elsewhere. Potentially eligible authors will be
contacted by the Editorial Office at the end of each academic year and invited to complete an application
form, giving information about the provenance of the work and the precise role played by the potential award
winner.

The Editors will judge all entries, but they may call for expert assistance in making their decision. Their

decision is final.

Transfer to other British Pharmacological Society (BPS) journals

Pharmacology Research & Perspectives (PR&P), an open access journal, is jointly edited on behalf of the
BPS and the American Society of Pharmacology and Experimental Therapeutics (ASPET). The BPS also
publishes British Journal of Pharmacology (BJP). The Editors of BJCPmight consider that a submitted
manuscript is out of scope and more suitable for consideration by BJP or PR&P. If so, the Editors will offer
authors the opportunity to transfer their manuscript to the Editorial office of its sister journals for consideration.
ETHICS

Please see above and here for full guidance on all issues related to Publication Ethics. The Journal
subscribes to COPE's code of conduct and its Ethical Policy is based on COPE guidelines. The journal will
adhere to COPE flowcharts for all matters related to research misconduct.

Informed consent

Consent must be informed. The ethical aspects of all studies involving human subjects will be particularly
noted when assessing manuscripts. The methods section should include a statement that the subjects
consented to the study after full explanation of what was involved; it should indicate whether or not consent
was obtained in writing.

The Methods section should contain a statement that, when applicable, explicit patient consent was obtained
for the use of tissue for research. Local laws (e.g. the Human Tissue Act) should be adhered to. Where
potentially relevant (e.g. functional investigations) details of the donors’ drug histories must be provided. Drug
history must include any anaesthetic used for the biopsy.

Clinical Trials

BJCP requires that clinical trials are prospectively registered in a publicly accessible database. Please include
the name of the trial register and your clinical trial registration number at the end of your abstract. If your trial

is not registered, or was registered retrospectively, please explain the reasons for this.

Images of, or information about, identifiable individuals

It is the author’s responsibility to obtain consent from patients and other individuals for use of information,
images, audio files, interview transcripts, and video clips from which they may be identified. To ensure we
have the rights we require, please provide a signed Patient consent formin all instances. If the person is a

minor, consent must be obtained from the child’s parents or guardians.

. If the person is deceased, it is both essential and ethical that you obtain consent for use from the
next of kin. If this is impractical you need to balance the need to use the photo against the risk of
causing offence. In all cases ensure you obscure the identity of the deceased.

° If using older material, or for material obtained in the field, for which signed release forms are, for

practical purposes, unobtainable, you will need to confirm in writing that the material in question was
obtained with the person’s understanding that it might be published.

Ethics Committee Approval
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Details should be given in the methods section of the approval of the study protocol by an ethics committee or
similar body and the approval number or identification code should be provided. The ethics committee that
approved the protocol should be described in sufficient detalil to allow the committee to be identified.

Useful resources
Guidelines on Publication Ethics
For full guidance on all aspects of Publication Ethics, please see here.
Guidelines on Reporting
For guidance on how to enhance the quality and transparency of health research, please seehere.
August 19¢ 2016
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