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RESUMO

O cérebro e o intestino comunicam de forma dindmica e complexa através de diferentes
vias, formando um eixo bidirecional, cujo equilibrio depende da composi¢do da
comunidade microbiana que habita o intestino. Estudos tem revelado que a microbiota
intestinal influencia o normal funcionamento do cérebro e 0 comportamento, através da
via neural, enddcrina ou imunitaria. Desta forma, a comunidade bacteriana comensal
presente no intestino € responsavel por regular as respostas ao stress, tendo-se
demostrado que modificagcdes na composi¢ao da microbiota se encontram associadas ao
desenvolvimento de ansiedade, depressdao e prejuizos na meméria. A exposicdo a
antimicrobianos pode causar alteracbes na composicdo do microbioma intestinal,
dependendo do antibidtico utilizado, da dose e do tempo de exposicdo. O impacto
causado pela exposicdo a esses medicamentos rotineiramente utilizados em infeccoes
comunitarias ainda é pouco conhecido. Nesse contexto o objetivo deste trabalho foi
avaliar o efeito do uso de amoxicilina e clindamicina na diversidade e na estrutura da
microbiota intestinal, além das possiveis alteragdes de comportamento em animais.
Ratos Wistar machos (N = 42, 8 semanas de idade) foram alocados por randomizacgéo
simples em quatro grupos experimentais principais: dois controles, dois grupos de teste
e um Naive Group. Os animais foram tratados, por gavagem, com amoxicilina e
clindamicina (25 mg/kg) de 12/12 por 3 e 7 dias. Foram coletadas as fezes dos animais,
apos 3,7,30,60 e 90 dias do tratamento, para avaliar 0 aumento ou diminuicdo das
coldnias, utilizando-se 0 método de cultura bacteriana, foi realizado o sequenciamento
para identificar e diferenciar as cepas. Os animais foram avaliados no Teste de Campo
Aberto e Labirinto em cruz elevado como medida de ansiedade. Para avaliacdo da
memoria foi realizado o Teste de Reconhecimento de Objetos. Apos a administracdo de
qualquer um dos antibidticos por 3 e 7 dias, houve uma mudanca estatisticamente
significativa na carga bacteriana, com aumento nos filos Bacterioidetes e Proteobacteria.
Os animais tratados com antibidticos exibiram alteracbes de memoria de
reconhecimento reduzidas, acompanhadas por um efeito anxiogénico que permaneceu
significativo por 30 dias em ratos que haviam sido tratados com antibidticos por 7 dias.
Os resultados do presente estudo sugerem que mudancgas na composi¢do do microbioma
intestinal pela administracdo de antibidticos podem levar a modulacdo cognitiva e
comportamental em ratos quando amoxicilina e clindamicina sdo empregadas em
esquemas posoldgicos para tratamento de infeccdes comunitérias.

Palavras-chave: Antibiético, Microbioma intestinal, Sequenciamento, Memoria de
reconhecimento, Ansiedade.



ABSTRACT

The brain and the intestine communicate dynamically and complexly through different
routes, forming a bidirectional axis, whose balance depends on the microbial
community's composition that inhabits the intestine. Studies have revealed that the
intestinal microbiota influences the brain's normal functioning and behavior through the
neural, endocrine, or immune pathways. In this way, the commensal bacterial
community present in the intestine is responsible for regulating responses to stress. It
has been shown that changes in the microbiota's composition are associated with
anxiety, depression, and impaired memory. Exposure to antimicrobials can cause
changes in the intestinal microbiome's composition, depending on the antibiotic used,
the dose, and the time of exposure. The impact of exposure to these drugs routinely used
in community infections is still poorly understood. The present study aimed to evaluate
the effect of amoxicillin and clindamycin on the diversity and structure of the intestinal
microbiota and behavioral changes in animals. Male Wistar rats (N = 42, 8 weeks old)
were allocated by simple randomization into four main experimental groups: two
controls, two test groups, and one Naive Group. The animals were treated, by gavage,
with amoxicillin and clindamycin (25 mg/kg) of 12/12 for 3 and 7 days. The feces were
collected after 3, 7, 30, 60, and 90 days of treatment through culturing and sequencing.
The animals were evaluated in the Open Field Test and elevated plus-maze as a measure
of anxiety. To assess memory, the Object Recognition Test was performed. After
administering any of the antibiotics for 3 and 7 days, there was a statistically significant
change in the bacterial load, with an increase in the phyla Bacterioidetes and
Proteobacteria. The antibiotic-treated groups exhibited reduced recognition memory
changes, accompanied by an anxiogenic effect that remained significant for 30 days in
rats that had been treated with antibiotics for 7 days. Data suggested antibiotics changed
the intestinal microbiome composition by antibiotics, leading to cognitive and
behavioral modulation in rats.

Keywords: Antibiotic, Gut Microbiome, Next Generation Sequencing, Recognition
memory, Anxiety.



LISTA DE ABREVIATURAS

OMS - Organizacdo Mundial da Salde

IRAS - Infec¢Bes Relacionadas & Assisténcia a Salude
SCFAs - Acidos Graxos de Cadeia Curta

CDI - Infeccéo por C. difficile

SNC - Sistema Nervoso Central

SNE - Sistema Nervoso Entérico

SNA - Sistema Nervoso Autdnomo

GM - germ free

HPA - Hipotalamo-Hipd&fise-Adrenal

CT - Group Control

OTU - Total of Bacterial Taxa



N oo g &~ w

Sumario

INTRODUGAO.......cooieeoeeceiee et ee s 13
REVISAO DE LITERATURA. ...ttt eeee e, 16
2.1 Microbioma intestinal e sua COMPOSIGAD. .........ceurirerereeiree e 16
2.2 Uso de Antibioticos e alteracdes no microbioma.............ccccecerevieneenne 18
2.3 EiXO CErebro-intesting.........cccceivieiiie st 21
2.4 Uso de antibioticos, alteragdes no microbioma e no comportamento...... 24
OBUIETIVOS. ...t ettt ae e e e e s 27
A o I T PSSR 28
CONCLUSOES.......cooiiiiiieeeiiseissse st 62
REFERENCIAS BIBLIOGRAFICAS.........coooiiriisineeissieeeiss s 63
ANEXOS. .. e 69



1. INTRODUCAO

Desde a descoberta da Penicilina por Alexander Fleming em 1928 (Fleming
1929), muitos antibidticos foram desenvolvidos pela industria farmacéutica. Assim,
muitos avancos e pesquisas relacionadas puderam promover a solugdo de muitas
doencas infecciosas, antes incuraveis (Zoorob et al. 2012).

O uso clinico de antibioticos foi, indiscutivelmente, 0 maior avango médico
do século XX (Katz and Baltz 2016). Além de serem utilizados para tratamento de
doencas infecciosas, 0s antibidticos possibilitaram que muitos procedimentos médicos
modernos, incluindo tratamento de cancer e transplantes de 6rgdos fossem realizados de
forma mais segura (Katz and Baltz 2016).

De acordo com a Organizacdo Mundial da Satde (OMS), amoxicilina € o
antibiotico usado com mais frequéncia em todo 0 mundo. Um relatorio realizado em 49
paises, concluiu que esse medicamento representa mais de 50% dos antibacterianos
consumidos, sendo utilizado no tratamento de infecgdes do trato respiratorio, infeccbes
do ouvido médio, pneumonia, infeccdes do trato urinario, infeccdes de pele e infeccbes
odontogénicas (WHO 2018).

A OMS adverte que para 0 uso racional de antibioticos, € necessario, em
primeiro lugar, instituir a necessidade do uso do medicamento. Em seguida, que seja
escolhido o medicamento apropriado, de acordo com critérios de eficacia e seguranca
comprovados e aceitaveis. Além disso, é preciso que o medicamento seja prescrito na
forma farmacéutica, doses e periodos de tratamento adequados, que esteja disponivel na
ocasido oportuna, com um valor acessivel e que esteja sempre dentro dos padrdes de
qualidade exigidos. Outro aspecto importante é que os medicamentos sejam dispensados
em condicdes adequadas, com a necessaria orientacdo e responsabilidade e, por fim, que
se cumpra o regime terapéutico prescrito da melhor forma possivel. (WHO 2018).

O uso de antimicrobianos se presta para o tratamento de infeccGes
relacionadas a assisténcia a saude (IRAS) e infecces comunitarias. As IRAS sdo
definidas como aquelas adquiridas ap6s a admissdo do paciente com manifestacao
durante a internacdo ou apoés a alta quando relacionadas a internagdes ou procedimentos

realizados durante a assisténcia. Entretanto, ndo é restrito exclusivamente ao ambiente
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hospitalar e se refere ao fato de que as IRAS podem ocorrer em VAarios niveis de atencao
a salde (Siegel et al. 2007). Entretanto as infecgBes comunitérias sdo aquelas
averiguadas ou em incubacdo de pacientes na comunidade em que nao ha relacdo com o
ingresso do paciente no hospital e desde que a mesma ndo esteja relacionada a uma
internacao anterior (Ministério da Salde 1998).

Os tipos de infeccBes comunitéarias observados com maior frequéncia sao
infeccOes respiratorias, infecgdes do trato urinario e infeccdes cutaneas (Falsey et al.
2014). Sendo as infeccOes respiratorias mais prevalentes as amigdalites, bronquites e as
pneumonias. Ressalta-se que a prescricdo de antibiotico geralmente ocorre em 95.5%
dos casos (Schaad et al. 2016).

Da mesma forma que nas infeccdes do trato respiratério superior 0 uso de
antibioticos, de administracdo oral, em infec¢cdes adquiridas na comunidade, também é
empregado na préatica em clinica odontoldgica (Segura-Egea et al. 2010). Neste contexto
ha que se considerar também as infec¢Ges odontogénicas, aquelas que se iniciam a partir
de estruturas dentais. Elas podem ser provenientes de caries que causam necrose pulpar
e se disseminam para o tecido 6sseo periapical ou periodontal, decorrentes de infecgédo
bacteriana de uma bolsa periodontal ou de um foliculo pericoronério de um dente
parcialmente erupcionado (Bascones et al. 2004).

A amoxicilina é o antibacteriano de primeira escolha (Segura-Egea et al.
2017). Em casos de relato de alergia a betalactamicos, as alternativas sdo usar como
terapias para substituicdo a clindamicina, a claritromicina ou a azitromicina (Segura-
Egea et al. 2017).

Entretanto, a inegavel relacdo entre a constituicdo da microbiota intestinal e
suas alteracOes tém sido intensamente estudada nos ultimos anos (Passos and Moraes-
Filho 2017). Esta claro que as interaces entre hospedeiros e suas comunidades
microbianas precisam ser caracterizadas em detalhes se quisermos entender a sua
participacdo nos processos fisiolégicos humanos. Além disso, é provavel que o estudo
de tais interac6es hospedeiro-microrganismo forneca novas estratégias para modular tais
sistemas complexos com o intuito de manter ou restaurar a homeostase, a fim de
prevenir ou curar estados patologicos. Ha crescentes indicios da importancia das
bactérias na formagdo do desenvolvimento do cérebro e do comportamento (Cho and
Blaser 2012, Sharon et al. 2016). As modificacbes nas comunidades microbianas

intestinais podem afetar a comunicacdo intestinal, alterando a trajetoria do
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desenvolvimento do cérebro e a crescente vulnerabilidade aos transtornos psiquiatricos
(Guarner and Malagelada 2003, Dinan and Cryan 2013, Sharon et al. 2016).

Partindo do pressuposto de que o uso de antimicrobiano seria inapropriado
em muitos casos, pois estima-se que 70-80% das receitas de antimicrobianos para
infeccOes do trato respiratdrio superior seriam para infeccdes predominante de etiologia
viral (Tonkin-Crine et al. 2016) e o adequado tratamento nos casos de infeccdes
endodonticas agudas, limitado a tratamento local, com debridamento do espago do canal
radicular e uso de analgésicos seria suficiente para reduzir a carga microbiana e permitir
a cura (Khalighinejad et al. 2016), as mudancas na microbiota intestinal poderiam
promover impacto na diversidade bacteriana, na expressdo de seus fatores de viruléncia
(resisténcia aos antimicrobianos), nos comportamentos como a ansiedade. O uso de
antibioticos e sua real necessidade devem ser avaliados, pois prescrever antibioticos em
situagdes em que ndo seriam indicados é um risco tanto para o aumento da resisténcia
bacteriana quanto para mudancas significativas na microbiota e como consequéncia ha
evidencias de mudancas na microbiota intestinal e seus efeitos em estruturais neurais
(Zhang et al. 2015).

Esse estudo pretende contribuir para deteccdo de perfis de microbiota
diferentes em ratos que apos o0 uso de antibidticos possam ter uma possivel relacdo de
mudanca no comportamento relacionado a ansiedade e a alteracdo de memoria durante o
tratamento e apds meses do uso de antibidticos, auxiliando os profissionais na

concepcao de novas estratégias terapéuticas, no uso consciente de antibioticos.
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2. REVISAO DA LITERATURA

2.1 Microbioma intestinal e sua composi¢éo

O microbioma humano é a soma de todos microorganismos que residem nos
tecidos e fluidos humanos, composto principalmente por bactérias. A microbiota
humana normal também inclui alguns fungos, arquéias e virus. Cada local anatémico
(pele, boca, intestino, vagina, etc) possui seu microbioma especifico (Marchesi and
Ravel 2015). Wunsche et al. (1995) consideram as comunidades microbianas como
unidades funcionais nos ecossistemas, as quais sdo caracterizadas pela soma das
capacidades metabdlicas das diferentes espécies.

O trato gastrointestinal humano contém mais de 100 bilhdes
microrganismos, sendo que a grande maioria se encontra no intestino, superando
inclusive o nimero de células humanas. Esta complexa comunidade microbiana é
conhecida como a microbiota intestinal. Estima-se que a microbiota intestinal seja
composta por 500 a 1.000 espécies residentes que incluem 7.000 a 40.000 cepas
bacterianas representando 1800 géneros (Hollister et al. 2014). A composicdo da
microbiota, além da localizacdo, € influenciado pela idade, sexo, raca e outros fatores
como dieta, medicacdo (especialmente antibioticos), estresse, tabagismo ou infeccoes
gastrointestinais (Guarner and Malagelada 2003). A microbiota intestinal coletivamente
tem 150 vezes mais genes do que o genoma humano (Gill et al. 2006, Qin et al. 2010).

O “patrimdnio genético” relacionado a essa comunidade é bastante
complexo e especifico, o que levou os pesquisadores a batizd-lo com o termo
“Metagenoma” (Cho and Blaser 2012).

O perfil dos grupos de bactérias que compdem o microbioma residente em
diversos locais anatdmicos obedece a uma distribuicdo previsivel entre as espécies de
mamiferos, de acordo com cada parte do corpo colonizada. O trato gastrointestinal,
incluindo a cavidade bucal e as fezes, sd0 0s microbiomas mais diversos entre 0s
habitats corporais amostrados (Li et al. 2012).

O trato gastrointestinal superior, ou seja, 0 estdmago e o intestino delgado,
contém poucas bactérias aderidas ao epitélio devido ao limen conter acidos, secre¢des
biliares e pancreaticas que exterminam a maioria dos microrganismos, além de

movimentos propulsivos. No entanto, mesmo sob estas condi¢@es, um pequeno nimero
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de bactérias (menos 10%/g) esta ligada ao epitélio gastrico, 10* estdo presentes no jejuno
e 107-10%gestdo presentes no ileo (Tlaskalova-Hogenova et al. 2011). Por outro lado, 0
intestino grosso contém um ecossistema microbiano diversificado com alta densidade
de bactérias (10'1-10'2/g) com maior frequéncia de bactérias anaerébias (Ley et al.
2008).

Apobs o nascimento, do ponto de vista microbioldgico, inicia-se a formacao
do microbioma intestinal (Fouhy 2012). O trato intestinal se desenvolve de um meio
estéril para um microbioma estavel, semelhante ao de um adulto aos dois anos de idade
(Fouhy 2012). O desenvolvimento desse ecossistema é regulado por varios fatores,
incluindo modo de parto, regime alimentar, dieta/peso materno, uso de probiotico e de
pré-bidticos e exposicdo a antibioticos pre, peri e pds-natal (Fouhy 2012).

Entretanto, apesar de os filos que constituem o microbioma intestinal serem
previsiveis, as espécies que a compdem diferem marcadamente de individuo para
individuo, mesmo dentro de uma populacdo saudavel. O microbioma intestinal
apresenta alta variabilidade interpessoal, fazendo com que cada pessoa apresente um
perfil de microbioma praticamente Unico (Zaura et al. 2009). Os motivos que levam
pessoas saudaveis a portarem perfis tdo diferentes e especificos de microbioma ainda
ndo sdo totalmente conhecidos, embora fatores como dieta, ambiente, tipo de parto,
genética do hospedeiro e fatores relacionados a exposicdo precoce aos microbiontes
exercam influéncia definitiva nesta formacdo, em adultos, 98% de todas as espécies
pertencem a quatro filos bacterianos: Firmicutes, Bacteroidetes, Proteobacteria e
Actinobacteria. (Cho and Blaser 2012, Peterson et al. 2009). No intestino humano, por
exemplo, os filos mais comumente encontrados sao: Bacteroidetes e Firmicutes
(Morgan et al. 2013), os géneros Bacteroides, Bifidobacterium, Eubacterium,
Clostridium, Peptococcus, Peptostreptococcus e Ruminococos sdo predominantes.

Mudancas naturais na populacdo bacteriana intestinal ocorrem durante o
envelhecimento, devido a reducdo ou alteracdo em muitos processos fisiologicos e
mudancas no estilo de vida, principalmente dieta, metabolismo, homeostase energética e
imunidade (Kundu et al. 2017). Em um estudo conduzido por Binyamin et al. (2020) foi
observado que grupo de idosos, que utilizam dieta rica em gordura, hd& uma alta
proporcdo de Bacteroidetes e diminui¢do de Firmicutes.

Para uma melhor compreensdo da composicdo e alteragcbes do microbioma

intestinal humano e sua influéncia potencial na saude, estudos tem sido conduzidos com
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modelos animais (Franzosa et al. 2019, Mondot et al. 2016). Roedores estéo entre os
animais de laboratorio mais frequentemente empregados em diversos campos das
ciéncias da vida, incluindo para o estudo do microbioma, por causa de suas semelhangas
fisiologicas para com os humanos, bem como semelhancas em relagdo & anatomia
gastrointestinal. Brooks et al. (2003), relataram que o microbioma intestinal de ratos
abrigava de 338 OTUs ou filotipos, o que representa uma biodiversidade semelhante a
do humano. Apenas 44 OTUs foram caracterizadas e pertenciam ao filo Firmicutes, e 0
restante era Bacteroidetes, com predomino da familia Clostridium e de lactobacilos

(aproximadamente 20%), sendo 0s mais comuns L. murinus e L. gasseri.

2.2.  Uso de Antibidticos e alteracbes no microbioma

Antimicrobianos  classificam-se em  antibacterianos,  antifungicos,
antiprotozoarios, anti-helminticos e antivirais. Antibacterianos sdo divididos em
antibioticos, sintetizados por fungos e quimioterapicos, produzidos em laboratorio. Os
antibioticos sdo frequentemente manipulados quimicamente (semissintéticos).
Geralmente, sdo pouco toxicos para as celulas humanas, uma vez que séo produzidos
para a destruicdo ou inibi¢cdo de uma célula microbiana, como elemento de defesa das
bactérias e fungos (Fuchs et al. 2004).

Os antibioticos Betalactamicos sdo uma classe ampla de antibioticos, que
inclui a penicilina, cefalosporinas, cefamicinas, carbonémicos, monobactamicos, que
possuem o nucleo B-lactdmico em sua estrutura molecular (Guimaraes et al. 2010). S&o
medicamentos indicados para tratamento de infeccBes causadas por cocos Gram-
positivos e a maioria tem excre¢do pela via renal. Poucos sdo os betalactamicos que ndo
sdo eliminados por esta via, tendo como alternativa a excrecdo biliar. Sdo exemplos
destes, a cefoperazona e a ceftriaxona (Suarez and Gudiol 2009).

As lincosamidas, sdo uma classe de antibi6ticos que inclui a lincomicina, a
clindamicina e a pirlimicina Séo antibidticos principalmente excretados pela bile o que
gera altas concentracBes nas fezes. Apresentam alta atividade frente a anaerdbios
estritos. Rashid et al (2015) indicaram que o0 uso desse antimicrobiano produz reducéo
de bactérias aerdbias e anaerébias Gram-positivas, quando administrados por periodo

prolongado a individuos saudaveis.
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Pesquisas tem descrito que distdrbios no microbioma intestinal podem afetar
0 estado de saude do hospedeiro. A disbiose intestinal, estado no qual o microbioma
produz efeitos nocivos através de mudancas qualitativas e quantitativas da flora
bacteriana intestinal (Hawrelak and Myers 2004), pode resultar em obesidade, diabetes,
disturbios gastrointestinais, imunoldgicos e neurocomportamentais. Tais doengas podem
se originar devido a mudancas no microbioma, favorecendo espécies mais patogénicas
que podem produzir varios fatores de viruléncia (Sweeney and Morton 2013, Astbury et
al. 2015, Coppo 2018).

A capacidade dos antimicrobianos de alterar as comunidades microbiomas
do intestino tem sido observada desde 1940, quando os antimicrobianos foram
desenvolvidos e comercializados (Yoon and Yoon 2018). Em 1950, observou-se que 0
antibiotico terramicina interferiu drasticamente com o intestino microbiota de pacientes
submetidos a cirurgia intestinal (Di Caprio and Rantz 1950). Desde entdo, muitos
estudos tentaram elucidar as mudancas na microbiota causada pela administracdo de
antibioticos. Alguns desses estudos sugerem que os antibidticos podem causar
alteracdes transitorias (Palleja et al. 2018), mas outro estudo indica que eles podem
levar a modificacdes permanentes. (Dethlefsen and Relman 2011). Esses fatores podem
ser correlacionados, principalmente com o espectro de antibioticos, tempo de exposicéo,
dosagem, e propriedades farmacocinéticas e farmacodinamicas também como vias de
administracao (Jernberg et al. 2010).

Estudos tem mostrado que intervenc@es antimicrobianas em neonatos e em
criancas foram associadas a asma, reducdo da diversidade bacteriana e aumento de
bactérias produtoras de acidos graxos de cadeia curta (SCFASs) (Murk et al. 2011, Lapin
et al. 2015), as alergias, relacionadas a diminuicdo da prevaléncia ou abundancia de
Bifidobacterium ou Bacteroides, (Kim et al. 2019), as doencas metabdlicas, aumento da
atividade de lipase de lipoproteina causando maior absorcdo de acidos graxos e acumulo
de triglicerideos (Cox et al. 2014). As alteracdes na adiposidade infantil podem estar
relacionadas a maior abundancia na familia Lachnospiraceae (maior peso infantil) e
menor abundancia de Akkermansia muciniphila (bactéria associada a saide metabdlica)
(Zhang et al. 2019).

Dethlefsen and Relman (2011) avaliaram a microbiota intestinal de pessoas
saudaveis que foram expostos a ciprofloxacina por 5 dias, 500 mg por via oral duas

vezes ao dia, que ocorreram em 2 e 8 meses, 0s resultados mostraram que o antibi6tico
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alterou a diversidade e composi¢do da microbiota, no entanto, as mudancas variaram
entre os individuos.

Palleja et al. (2018) avaliaram amostras fecais de pacientes saudaveis que
receberam, ao longo de 4 dias, uma vez ao dia, 500mg de meropenem, 500mg de
vancomicina e 40mg de gentamicina. Alteragdes iniciais no microbioma fecal estiveram
associadas a presenca intensa de Enterococcus faecalis e Fusobacterium nucleatum, e o
reducdo de espécies de Bifidobacterium. A microbiota intestinal dos individuos
recuperou-se para a composicdo proxima da linha de base em 1,5 meses. Embora 9
estavam presentes em todos os individuos antes do tratamento, estas ndo foram
detectadas em até 180 dias.

O desequilibrio causado por antibioticos na microbiota intestinal pode
também causar diarreia, associada principalmente a proliferacdo de Clostridium difficile
(Silverman et al. 2017). Além disso, o tratamento com alguns antibioticos pode ser
considerado um fator de risco para o desenvolvimento de infeccdo por C. difficile
(CDI), principalmente clindamicina, cefalosporinas e fluoroguinolonas (Brown et al.
2013).

As lincosamidas (clindamicina) estdo correlacionadas com o aumento de
genes de resisténcia na microbiota intestinal e diminuicdo na diversidade de géneros
Bacteroides sp., Coprococcus, Roseburia, Ruminococcus e Lachnospiraceae (Rashid et
al. 2015). Betalactamicos (por exemplo, penicilina v, amoxicilina, ampicilina /
sulbactam, cefalosporinas) parecem diminuir a riqueza bacteriana total de
Actinobacteria e Firmicutes e aumento de Proteobacteria e Bacteroidetes (Arboleya et
al. 2016). Macrolideos (por exemplo, claritromicina e eritromicina) sdo correlacionados
com diminuicdo de Actinobacteria (incluindo Bifidobacterium), Firmicutes
(principalmente Lactobacilli) e diversidade bacteriana total e aumento de Proteobacteria
e Bacteroidetes (Isanaka et al. 2016). Assim, a maioria dos antibioticos estdo
relacionados a uma das causas da disbiose, caracterizada neste caso foi a perda de
diversidade, aumento na proporcdo de potencialmente bactérias patogénicas e
desequilibrio na proporcao de filos bacterianos (Arboleya et al. 2016, Isanaka et al.
2016, Jakobsson et al. 2010).

Mudangas no ambiente local também constituem um fator envolvido na

promocdo de homeostase apds disbiose, por exemplo, diarreia, onde a eliminacdo de
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microorganismos indesejados ocorre, permitindo recolonizagdo por bactérias nativas
(Gordon et al. 2012).

Portanto, é possivel considerar que o uso de antibidticos, possa gerar
disbiose, em geral, através do aumento de Proteobacteria (Arboleya et al. 2016,
Jakobsson et al. 2010) além de reduzir a proporcéo de bactérias benéficas e protetoras
para o hospedeiro, incluindo Actinobacteria e Bacteroidetes (Jakobsson et al. 2010).

2.3. Eixo cérebro-intestino

O Eixo Cérebro-intestino é o conjunto de complexas vias neurais e ganglios,
envolvendo o Sistema Nervoso Central (SNC), o Sistema Nervoso Entérico (SNE) e o
Sistema Nervoso Autdbnomo (SNA). Além das vias neurais aferentes e eferentes,
participam dele o sistema imune e o endocrino para a comunicacao intercelular (O'Hara
and Shanahan 2006). Por meio desse eixo, ha integracdo de importantes centros
cerebrais de controle cognitivo e emocional com os ganglios do SNE, possibilitando
ampla regulacdo de varios mecanismos corporais, como sinalizacdo intercelular,
ativacdo imunoldgica, permeabilidade intestinal e sinalizagdo neuroenddcrina (EI Aidy
et al. 2015). O cerebro controla as funcdes intestinais como a motilidade intestinal,
secrecdo, permeabilidade e producdo de mucina, e, inversamente, mensagens viscerais
do intestino podem influenciar as funcdes cerebrais e 0 comportamento (Collins 2012,
Indrio 2013).

Estudos utilizando modelos animais e estratégias como infeccbes
gastrointestinais experimentais, transplante de microbioma fecal e utilizacdo de modelos
isentos de colonizagdo intestinal (modelos “germ-free””) vém demonstrando que a intima
relacdo do microbioma com o SNE influencia de modo definitivo o funcionamento do
Eixo Cérebro-Intestino. Tem sido demonstrado, por exemplo, que a colonizagdo
intestinal com certos tipos especificos de bactérias em modelos germ free (GM) foi
capaz de modificar o comportamento frente a resposta ao stress. A partir de tais
observaces, surgem novas possibilidades de pesquisa sobre a influéncia do microbioma
no neurodesenvolvimento, no comportamento, na cognicdo e na resposta organica ao
stress (Collins et al. 2014, Dinan and Cryan 2013).

Um estudo conduzido por Kundu et al. (2019) investigou os efeitos das

mudancas no microbioma decorrentes do envelhecimento, através do transplante do
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microbioma intestinal de camundongos velhos ou jovens em camundongos receptores
jovens GM. Ambos o0s grupos mostraram ganho de peso e massa muscular esquelética
semelhantes. Camundongos GM que receberam um transplante de microbiota intestinal
de camundongos doadores idosos mostraram aumento da neurogénese no hipocampo do
cérebro. Os autores sugeriram que 0s transplantes do microbioma intestinal de
hospedeiros idosos conferiram efeitos benéficos em receptores jovens.

O microbioma intestinal mantém a homeostase do sistema nervoso central,
regulando a funcdo imunoldgica e a integridade da barreira hematoencefalica. Os
mecanismos exatos pelos quais ocorre a comunicacdo microbioma-intestino-cérebro
ainda sdo amplamente desconhecidos. E provavel que varios sistemas estejam
simultaneamente envolvidos. H& evidéncias de que o microbioma intestinal pode
influenciar os sistemas de sinalizacdo neurotransmissor, sinaptico, neurotrofico e a
neurogénese (Luczynski et al. 2016, Yano et al. 2015).

Os mecanismos reguladores de duas vias no eixo cérebro-intestino sugerem
que o cérebro e o intestino exercem efeitos significativos um sobre o outro. Por um
lado, o centro SNC regula a microbiota intestinal direta e indiretamente (Sherwin et al.
2016). O cerebro regula diretamente a fisiologia intestinal por meio do sistema nervoso
autdénomo e do eixo hipotalamo-hipofise-adrenal (HPA). O SNC regula indiretamente a
composicao e funcdo do microrganismos intestinais ao liberar moléculas de sinalizacéo,
como citocinas, que podem influenciar o metabolismo de varios neurotransmissores,
como a serotonina, a dopamina e o glutamato, e que possuem um papel importante
sobre a plasticidade neuronal. E possivel ainda que o microbioma intestinal também
exerca efeitos sobre a funcdo do SNC (Haroon et al. 2012).

As conexdes neurais envolvem o sistema nervoso central autbnomo e
sistema entérico. O eixo intestinal do cérebro é comparavel a um circuito complexo
composto de receptores, fibras aferentes que se projetam para diferentes centros
integrativos no cérebro e fibras eferentes projetando-se para o 6rgdo efetor (Gaman and
Kuo 2008). Os receptores coletam sinais especificos do lumen, incluindo produtos
quimicos, mecanicos, térmica e dor, de forma indireta envolvendo algumas células
como a células enteroenddcrinas (Gaman and Kuo 2008, Mayer 2011). Células estas
gue sintetizam o neurotransmissor glutamato, utilizando esse como sinal sensorial aos
neurdnios vagais, o circuito neural que eles formam déa o intestino a rapidez para dizer
ao cérebro de todas as ocorréncias do dia (Kaelberer et al. 2018).
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A entrada do sistema autdbnomo do intestino estid conectada ao sistema
limbico que é composto pelo hipocampo, que é responsavel pela memoria e navegacao
espacial, a amigdala que integra respostas de medo e excitacdo e o cortex limbico que
regula o olfato e sensorial e fungdes motoras. Esta comunicacao explica a forte ligacéo
entre comportamento e intestino (Colins 2012), O SNE é um 6rgdo semi-auténomo, ou
seja, pode funcionar de forma independente e também eta conectado ao cérebro. O ramo
aferente do SNE carrega informacdo do instestino para o cérebro como uma resposta a
distensdo do intestino ou outros sinais perigosos, como endotoxinas bacterianas,
citocinas, etc (Collins 2012).

As bactérias intestinais interagem com as células da mucosa através da
liberacdo de susbstancias bacterianas, produtos de fermentacdo, como SCFA, e
indiretamente estimulando a producéo no intestino de fatores neuroendécrinos (Indrio
2013). Eles produzem ou estimulasm a producdo de aminoacidos, como GABA e
triptofano (percusor de serotonina), e monoaminas, como histamina e dopamina, que
afeta tanto o0 SNE quanto o SNC (Stilling 2014).

As bactérias intestinais interagem diretamente com as células da mucosa por
meio da liberacdo de substancias bacterianas, produtos de fermentacdo, como SCFAs, e
indiretamente estimulando a producdo de intestino fatores neuroenddcrinos (Indrio
2013). Eles produzem ou estimulam a producdo de aminoacidos, como GABA e
triptofano (o precursor de serotonina), e monoaminas, como serotonina (5HT),
histamina e dopamina, que afeta 0 SNE e 0 SNC por meio de seu transporte em por
meio de seu transporte no sangue (Stilling 2014). Eles também secretam SCFAs que
atuam como histonas inibidores da desacetilase (HDACS) que aumentam a transcri¢cao
do gene em neurénios (Stilling 2014). GABA, recentemente mostrou ser produzido por
lactobacilos comensais e bifidobactérias em humanos e outros neuroquimicos que foram
isolados de bactérias intestinais incluem noradrenalina, 5-HT, dopamina e acetilcolina
(Collins 2012).

As bactérias intestinais também interagem com as células enterocromafins
que sdo considerados transdutores de sinal bidirecionais sendo acessiveis para o
microbioma entérico no lado luminal e em contato com terminais nervosos aferentes. As
celulas enterocromafins secretam serotonina e peptideos de sinalizagdo, como hormdnio

liberador de corticotropina, colecistocinina e somatostatina (Rhee 2009).
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As  células imunoldgicas da mucosa também  permanecem
imunologicamente hiporresponsivas as bactérias comensais, mas também mantém sua
capacidade de resposta aos organismos patogénicos que indicam que, em condicOes
fisiologicas, o sistema imunoldgico intestinal reconhece bactérias comensais e
desencadeia sinais basais ou ténicos na auséncia de ativacdo completa do inato e
resposta imune adaptativa (Mayer 2011).

Portanto em condic¢Bes habituais, hd um equilibrio entre o microbioma e o
sistema imunoldgico e mudancas induzidas por antibioticos perturba este equilibrio,
resultando em prefis alterados de citocinas mediados pela ativacdo de receptores
semelhantes a Toll (Collins 2012). Os produtos das células imunes ativadas comunicam

ao cérebro para alterar a atividade neural (Maier and Watkins 1999).

2.4. Uso de antibidticos, alteracbes no microbioma e no comportamento

A maioria das classes de antibidticos administrados por via oral para
tratamento de infecgdes podem induzir a mudangas no comportamento. Os antibidticos
mais frequentemente testados quanto aos seus efeitos de alteracdo no comportamento e
memoria sdo: penicilinas, quinolonas, macrolideos e sulfonamidas (Isanaka et al. 2016,
Brown et al. 2013).

Recentemente, Mohle et al. (2016) indicaram que ap0s 2 semanas de
tratamento com antibidticos mistos (vancomicina, ciprofloxacina, imipenem e
metronidazol) ocorreram diminuic@es significativas em neurénios maduros.

Estudos mostram que a proliferacdo e o desenvolvimento de neurdnios estdo
intimamente relacionados com memoria e socializacdo. O desenvolvimento neuronal
prejudicado pode causar obstaculos a constituicdo do centro de controle emocional,
favorecendo surgimento de doencas mentais (Grenham et al. 2011, Gareau et al. 2011).

Com base em trés estudos de caso-controle realizados entre 1995 e 2013,
Lurie et al. (2015) descobriram que um Unico tratamento com antibi6ticos, como
penicilina e quinolonas, podem causar um ligeiro aumento no risco de depressdo e
ansiedade. Resultados semelhantes, em estudo conduzido por Kaur et al. (2016) indicam
que o uso de fluoroquinolonas (ciprofloxacina, levofloxacina e moxifoxacina) para
tratamento de infeccBes do trato urinario, sinusite bacteriana aguda ou infecgdes
bacterianas em pacientes com doenca pulmonar obstrutiva crdnica, produziram
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toxicidade neuropsiquiadtrica em longo prazo. Dentre os participantes, 93 de 94
entrevistados que tomaram fluoroquinolonas relataram eventos como transtorno de
ansiedade (72%), depressdo (62%), insOnia (48%), ataques de panico (37%) e
comprometimento cognitivo (33%). Na mesma pesquisa, também foi avaliado, se o
antibiético ciprofoxacina (10 mg / kg-50 mg) administrado em camundongos C57BL
causaria alteraces. Foi verificado que os camundongos tratados com ciprofoxacina
apresentaram menor forca de preensédo, equilibrio reduzido e comportamento depressivo
em comparagdo com os controles.

Comportamentos semelhantes & depressdo foram observados em ratos
recém-nascidos ap0s intervencdo com uma mistura de antibidticos (ampicilina,
bacitracina, meropenem, neomicina, vancomicina), administrada por gavagem
(10ml/kg) por 11 dias. Houve extensdo no tempo de imobilidade em no teste de
suspensdo pela cauda e no teste de natacdo forcada (Frohlich et al. 2016).

Hoban et al. (2016) indicaram que o tratamento de ratos com uma
combinacgéo de antibioticos (ampicilina, vancomicina, ciprofloxacino e imipenem) por 6
semanas, administrados em agua potavel, intensificou comportamentos semelhantes aos
depressivos, e deficiéncia cognitiva.

Jang et al. (2018) avaliaram o comportamento de camundongos tratados
com ampicilina (10, 50 e 100 mg/kg/dia) por meio de gavagem, uma vez ao dia, com
duracdo de dois dias. Os animais foram submetidos ao teste labirinto em cruz elevado.
O estudo mostrou que o tempo de entrada dos camundongos nos bragos abertos, foi
significativamente reduzido apos 2 dias de intervencdo com 100 mg/kg de ampicilina,
sugerindo que a intervencdo com este medicamento pode induzir um comportamento
semelhante & ansiedade.

Guida et al. (2018) realizaram um estudo com intervencao antibidtica
combinada (ampicilina, estreptomicina e clindamicina) a dgua potavel esterilizada (1
mg/mL) por 2 semanas, em ratos. Ocorreu uma extensdo do tempo de imobilidade no
local durante a natacdo e testes de suspensdo da cauda e uma reducdo na exploracédo
social.

Leclercq et al. (2017) demonstraram que a penicilina tem efeitos duradouros
na microbiota intestinal. Ratas gravidas foram tratadas com penicilina V diluida em
agua potavel, garantindo a exposicdo da prole ao tratamento pré-natal. Testes
comportamentais foram iniciados quando a prole atingiu a idade de 6 semanas, e
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animais tratados com antibidticos exibiram comportamentos sociais de ansiedade e
agressividade.

Mudancas induzidas por antibiéticos na microbiota intestinal também
induziram mudangas na quimica do cérebro e comportamento. Uma associagdo de
antimicrobianos composta por bacitracina, neomicina e pimaricina foi administrado por
gavagem a camundongos durante 7 dias e 0 comportamento foi monitorado antes,
durante e apds a administracdo de antibidticos. Os perfis da microbiota eram
monitorado usando eletroforese em gel de gradiente desnaturante. Embora nenhuma
diferenca nos perfis da microbiota tenha sido observada entre 0s grupos de teste antes
dos antibidticos, o tratamento resultou em aumento da abundancia relativa de
Lactobacilos e Actinobacteria e uma diminui¢do em y-proteobacteria e Bacteroides. As
mudancas descritas induzidas por antibioticos no microbioma intestinal voltaram ao
normal dentro de 2 semanas ap0s a interrup¢do do tratamento e isso foi acompanhado

por uma normalizacdo do comportamento (Bercik et al. 2011).
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3. OBJETIVOS

O objetivo geral foi avaliar o efeito do uso de agentes antimicrobianos
amoxicilina e clindamicina na diversidade e na estrutura da microbiota intestinal, além

das possiveis alteragdes de comportamento em ratos Wistar.

Os objetivos especificos foram:

a) Determinar a composicdo das comunidades bacterianas imediatamente
apos o uso e em 7, 30, 60 e 90 dias;

b) Comparar parametros de diversidade ecoldgica bacteriana intra- e inter-
amostra (alfa-diversidade) de fezes, considerando-se 0 uso dos agentes
antibacterianos amoxicilina e clindamicina, nos diferentes periodos de
tempo;

C) Determinar alteracdes comportamentais do tipo ansioso (teste de labirinto
de cruz elevado), atividade locomotora (teste de campo aberto), teste de
memoria (reconhecimento de objetos) nos ratos antes, apds o ciclo de

antibioticoterapia, e em 30, 60 e 90 dias decorridos de sua interrupgéo.
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4. ARTIGO

A seguir estd apresentado o artigo referente aos resultados de culturas e
sequenciamento bacterianos e comportamentais mencionados nos objetivos da tese, o
qual sera submetido ao periddico International Journal of Antimicrobial Agents. (Qualis

A2, Area Ciéncias Biologicas I1).
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ABSTRACT

Antibiotics are frequently administered orally to treat bacterial infections and can have
significant and long lasting effects on the gut microbiota, as well as affect psychological
or behavioral conditions. Our aim was to evaluate the gut bacterial communities and
behavioral parameters in rats exposed to orally administered amoxicillin and
clindamycin, every 12 hours, for 3 and 7 days and over time. Male Wistar rats (N = 42,
8 weeks old) were allocated by simple randomization in four major experimental
groups: two controls and two test groups. The feces pellets were collected, to evaluate
the increase or decrease of colonies by using the method of bacterial culture, and
sequencing used to identify and differentiate the strains were performed. Forty-two rats
were assessed for behavioral changes. After the administration of either antibiotic for 3
and 7 days, there was a statistically significant change in bacterial load, with an increase
in the phyla Bacterioidetes and Proteobacteria. Antibiotic-treated groups displayed
reduced recognition memory changes, accompanied by an anxyogenic effect, which
remained significant for 30 days in rats that had been treated with antibiotics for 7 days.
Data suggested antibiotics changed the intestinal microbiome composition by
antibiotics, leading to cognitive and behavioral modulation in rats.
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1 Introduction

Bacterial infections in humans are treated with antibiotics administered
orally, regardless of the actual location of the infection. In developed countries, such as
the USA and Canada, it is estimated that 50% of community infections are derived from
the upper respiratory tract, especially rhinosinusitis, acute suppurative, otitis media,
pharyngotonsillitis, common cold cough. These infections are responsible for 41% of
the prescribed antibiotics in clinical practice (Zoorob et al. 2012). In addition, it is
estimated that approximately 7 to 11% of community antibacterial prescriptions are
used to treat odontogenic diseases (Segura-Egea et al. 2018). Amoxicillin (AM) is the
first-line antibiotics treatment in 40% of cases; however, clindamycin (CM) is an
alternative drug for allergic patients to penicillins (Murphy et al. 2012).

Despite their beneficial local effects, unwanted systemic repercussions, such
as interference in the microbiota of additional sites, leading to loss of species and
community diversity (Tulstrup et al. 2015, laniro et al. 2016). Antibiotics can drastically
alter the intestinal microbiota according to its class, pharmacokinetics,
pharmacodynamics, spectrum, dosage, duration, and route of administration
(Antonopoulos, 2009, laniro et al. 2016). Amoxicillin reduces microbial diversity in
stool samples, especially in prolonged use (for 10 to 11 days), increasing the number of
components of Proteobacteria and Bacteroidetes (Knecht et al. 2014, Yao et al. 2016).
Additionally, Knecht et al. (2014) indicated an increase of Enterobacteriaceae,
commonly resistant to B-lactam antibiotics. The excretion of clindamycin through bile
promotes high concentrations in feces (Modi et al. 2014). Due to strong activity against
strict anaerobes, it has been associated with Clostridium difficile infection (Jurburg et al.
2019). Both the short and long-term use of clindamycin have promoted changes in
intestinal microbiota (Rashid et al. 2015, Jernberg et al. 2010). Disturbances due to
long-term use of clindamycin relative increase in Bacteroidetes and Proteobacteria,
despite an increase in the levels of specific resistance genes after a short exposure to this
antimicrobial (Jurburg et al. 2019).

Recent evidence has indicated that changes in the microbiome caused by
antimicrobials may promote a disorder in the brain-intestine axis by inducing behavior
changes, causing depression and anxiety in humans (Huo et al. 2017, Stilling et al.
2014, Lurie et al. 2015). A study conducted by Kwon et al. (2020) affirmed that

clindamycin and amoxicillin (50 mg/kg/day) added to drinking water for animals,
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administered for two weeks, induced impaired object recognition memory and
depression. Ceylani et al. (2018) indicated that treatment with ampicillin and
cefoperazone decreased locomotor activity in the open-field test and increased anxiety
levels inrodents. Therefore, antimicrobial treatment likely modulates the brain-intestine
axis, potentially causing animal behavioral alterations (Leclercq et al. 2017).

Few studies have evaluated the systemic effects of antibiotics prescribed in
therapeutic protocols to treat community infections (Tulstrup et al. 2015, Yao et al.
2016, Becattini et al. 2016, Burdet et al. 2019, Known et al. 2020). Therefore, this study
investigated the gut bacterial communities and behavioral parameters in rats exposed to

orally administered amoxicillin and clindamycin over time.

2 Material and Methods

2.1 Ethical Statement

The research protocol was approved by the Research Board from the
Instituto de Ciéncias Basicas e da Saude (Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil) (Protocol number 35584) and also by the Animal Ethics
Committee of the Pontificia Universidade Catdlica do Rio Grande do Sul (PUCRS,
Porto Alegre, Brazil) (protocol number 8961, ANEXOQ). The description of the data for
this study is in agreement with the ARRIVE guidelines (Percie du Sert et al. 2020).

2.2 Experimental animals and housing

A total number of 42 male Wistar rats (Rattus norvegicus), eight-weeks old,
were obtained from the Center of Experimental Biological Models (CeMBE, PUCRS,
Porto Alegre, RS, Brazil). The animals were housed in cages (49 cm x 34 cm x 16 cm),
in groups of two animals. The rats had been changed daily from each cage to allow the
induction of a uniform baseline microbiome among them. They were maintained in a
controlled temperature (22 = 2°C) and humidity (60-70%), under a 12 h light/dark cycle
(lights on from 7:00 AM to 7:00 PM), with food and water ad libitum. The weight
changes during the experiment were shown as supplementary information. For the

behavioral tests, the animals were visually and acoustically isolated during the
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experimental sessions. An observer, blind to the treatments, analyzed all of the

experiments.

At the end of the experimental protocols (after 90 days), the animals were
euthanized by deepening of isoflurane anesthesia (4-5%) vaporized in 100% O> (0.5
L/min) for up to 10 minutes after cardiorespiratory confirmation arrest.

2.3 Study design

The sample size was determined according to previous reports from the
literature, ranging from 4 to 10 animals per group (Tulstrup et al. 2015, Chen et al.
2018). The median number of animals was 6. The experiments were independently
conducted in three different cohorts, with two animals from each group. Before

treatments, the animals were distributed in the cages by simple randomization.

The animals were randomly allocated in 4 experimental, two control, and
one naive group. The experimental groups were: a) AM_3D (n=6): amoxicillin 25
mg/kg, every 12 hours, for 3 days; b) AM_7D (n=6): amoxicillin 25 mg/kg, every 12
hours, for 7 days; ¢) CM_3D (n=6): clindamycin 25 mg/kg, every 12 hours, for 3 days;
d) CM_7D (n=6): clindamycin 25 mg/kg, every 12 hours, for 7 days. The control groups
were: a) CT_3D (n=6): group control use 0.9% saline solution, every 12 hours, for 3
days; and, CT_7D (n=6): group control use 0.9% saline solution, every 12 hours, for 7
days. The animals from the “Naive Group” (n=6) had not received any of the drugs or
saline solution, were used only for behavior tests. The drugs and the vehicle were
administered by gavage, with the aid of a curved syringe (Arkansas) (70 x15 mm). The
drugs were diluted in saline in the volume of 0.5 mL for each animal. The animals from
the CT (Group Control) groups had 0.5 mL of 0.9% saline solution, as described above.
The treatments were performed between 07:00 AM and 07:00 PM.

2.4 Experimental procedures

The protocol was designed to determine the effects of amoxicillin and

clindamycin and the administration time on gut bacterial communities and the

34



behavioral aspects of Wistar rats. The tests/sampling were performed at TO (before the
administration of the antibiotic or saline), T3 (12 hours after the last administration of
the antimicrobial agent/saline in the 3 day-regimen), T7 (12 hours after the last
administration of the antimicrobial agent/saline in the 7 day-regimen), T30 (30 days
after T3 or T7), T60 (60 days after T3 or T7), and T90 (90 days after T3 or T7). For the
Naive Group, weekly weight and behavior tests (TO, T3, T7, T30, T60 and T90) were
performed on the animals. The body weight was determined before starting the
treatment with antibiotics, and weekly, up to 90 days. Figure 1 shows the time-line

diagram to illustrate the study design.

Administration of the
antimicrobial agent/saline

Groups -
AM_3D i
AM_7D

cM_3D

CM_7D

CT_3D {

CT 7D
Naive Group ——

Fecal sample, bacterial culture
and
Behavior tests

Fig. 1. Study workflow. The feces pellets were collected, and bacterial culture was
performed in 36 rats. The pellets were collected, tests/sampling and behavior tests were
performed at TO (all groups, before the administration of the drug or saline), T3
(AM_3D, CM_3D and CT_3D, animals received 3 day-regimen of antibiotics or
saline), T4 (AM_3D, CM_3D and CT_3, 12 hours after the last administration of the
antimicrobial agent/saline in the 3 day-regimen), T7 (AM_7D, CM_7D and CT_7D,
animals received 3 day-regimen of antibiotics or saline), T8 (AM_7D, CM_7D and
CT_7D, 12 hours after the last administration of the antimicrobial agent/saline in the 7
day-regimen), T30 (30 days after T3 or T7), T60 (60 days after T3 or T7), and T90 (90
days after T3 or T7). The behavior tests were performed in 42 rats (including naive
group) in all groups (TO, T4, T8, T30, T60, T90).
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2.5 Microbiological analyses
2.5.1 Fecal sampling, initial processing and Bacterial culture

A detailed description of the methods used for fecal sampling, initial
processing and bacterial culture is provided in Supplementary Material. Briefly, the
feces pellets collected were individually placed into sterilized, DNAse free, and pre-
weighed plastic tubes with glass beads. Serial 10-fold dilutions were made up to 1:10-8
in tubes containing PBS. The plates were incubated at 37°C in anaerobic jars with
anaerobic generators (Anaerobac, PROBAC do Brasil Produtos Bacteriol6gicos Ltda,
Sdo Paulo, Brazil) for up to 7 days.

2.5.2 DNA Extraction, 16S rRNA Sequencing

A detailed description of the methods used for 16S ribosomal RNA gene
sequencing and analyses is provided in Supplementary Material. Briefly, after DNA
extraction, the V4 hyper-variable region from the 16S rRNA gene was amplified using
the 515F-806R primer pair and sequencing was performed with lon Torrent (Thermo
Fisher Scientific, USA). A custom pipeline in Mothur was used for 16S rRNA reads

processing.

2.6 Behavioral tests

A detailed description of the methods used for behavior tests is provided in
Supplementary Material. Briefly, the animals were evaluated in the Open Field Test
with locomotor activity as a measure of anxiety, Elevated plus-maze were evaluated the
movement of the animals on a cross-shaped apparatus with two arms with open sides
and two arms with sidewalls with anxiety was measured. For evaluate the memory were
Object Recognition Test, the animals were exposed to two identical objects Al and A2,
and the exploration time of each object was evaluated, twenty-four hours after training

(long-term memory), object A2 was replaced by another object.

2.7 Data Analyses
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A detailed description of the data analyses used for bacterial culture,
behavioral tests, microbial communnituies and 16s rRNA sequencing is provided in

Supplementary Material.
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3 Results

The animal body weight gain did not differ among groups at any experimental
time-point (Supplementary Fig. 1).

3.1 Changes in bacterial load after antibiotic treatment

After the administration of antimicrobials for 3 days, there was a statistically
significant change in bacterial load in the AM and CM groups (P = 0.0022), in
comparison with the Control group. However, there was no difference between the AC
and CM groups. For animals that received antimicrobials for 7 days, a significant
decrease in the number of bacterial colonies was observed shortly after the
administration of AM or CM (Fig.2A, P = 0.0022), remaining altered even after 30 days
of administration (Fig.2B, AM7 P = 0.0043; CM7 P = 0.0247).

Principal coordinates analysis (PCoA) using Bray—Curtis metric showed that
antibiotics exposure changed the faecal microbiome in for both antibiotics (T03 and
TO7) (Fig. 2C; P < 0.05, ANOSIM). After 30-90 days (T30, T60, T90), the microbiome
is restored, but with a baseline composition different from control (T0) (Fig. 3C; P <
0.05, ANOSIM). Alpha diversity indices indicated that samples had different degrees of
richness and diversity related to the time of treatment for both antibiotics. Similar
values to baseline (TO) were observed for Shannon index in 30/60/90 days after
exposure to the treatment (Fig.2D). Considering the baseline values (T0), Chao-1 index
decreased after 3/7 days exposure to antibiotics, and increased after 30/60/90 days after

exposure to the treatment (Fig.2E).
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Fig. 2 Bacterial communities in stool samples: A) Number of CFU/mL after
administration of antibacterial agents for 3 days, in the initial periods, 4, 30, 60 and 90
days; B) Number of CFU/mL after administration of antibacterial agents for 7 days, in
the initial periods, 8, 30, 60 and 90 days; C) Principal coordinates analysis (PCoA) of
the bacterial community structures, based on Bray-Curtis distance; D) Shannon Index;
E) Chao-I diversity index.
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A total 72 bacterial taxa (OTUs) were identified in all samples, belonging to
70 genera, 32 families and 8 phyla. Their relative abundances are presented in Fig. 4.
Differential abundance analysis identified 21 genera associated with the time after
exposure to the antibiotics (Table 1).

In table 1 shows a significant increase and decrease in bacterial genera
immediately after the administration of the drugs (T3 / T7) and after 30, 60 and 90 days
of using them.
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Fig 3. Relative abundance of the phyla (2A), families (2B) and genus (2C) detected in
the feces: before administration of antimicrobials (TO0), after administration of
antibacterial agents for 3 (T03), 7 (T07), 30 (T30), 60 (T60), and 90 days (T90) after
administration of antibacterial agents.
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Table 1. Differential abundance analysis at the genus level.

Time Up Down

T3 Enterobacteriaceae_unclassified  Clostridiaceae 1 unclassified

T7 Morganella Clostridium_sensu_stricto_1

Parabacteroides Romboutsia

Rothia
Ruminiclostridium_5
Turicibacter
Ruminococcaceae_ge
Ruminococcaceae NK4A214 group
Ruminococcaceae UCG 014

T30 Bacteroidales_unclassified Akkermansia

T60 GCA 900066575

T90 Lachnospiraceae_ NC2004_group

Lachnospiraceae_unclassified
Muribaculaceae_ge
Muribaculaceae_unclassified
Ruminiclostridium
Ruminiclostridium_9
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3.2 Effects of antibiotics on animal behavior

3.2.1 Plus maze test

The analysis of the animal behavior in the elevated plus-maze test
demonstrated a significant increase in the time spent in closed arms, right after the use
of antimicrobials for 3 (Fig.4A, P = 0.0340) and 7 days (Fig. 4A, P <0.0001). For
animals that were treated with the drugs for seven days, it was observed that the time
spent in the closed arms remained significantly longer after the 30 days of drug
administration (Fig. 4B, P = 0.0006).

3.2.2 Open field test

The locomotor activity on the periphery and in the center of the apparatus
did not show statistically significant differences for the animals that used antibiotics for
3 days (Fig. 4C, 4D, P> 0.005). For groups of animals that used antibiotics for 7 days,
the time in the center of the apparatus proved to be significantly less than the time on
the periphery of the apparatus (Fig. 4C, 4D, P <0.005), with this difference not
remaining among groups after 30 days (Fig.4C, 4D).

3.2.3 Object recognition test

The task was performed in the sessions before, after 3, 7, 30, 60, and 90
days after using antimicrobials. Antibiotic treatment decreased the rats' ability to
explore a new object. The total exploration of the objects differed in the tests performed
immediately after the use of antimicrobials in the groups of 3 (Fig 4F, P = 0.0009) and 7
days (Fig.4F, P <0.0001).
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Fig. 4. Behavioral parameters in rats that used antibacterial agents for 3 or 7 days: (A) Plus maze test, length of stay in the open arms; (B) Pluz
maze test, time spent in a closed arms; (C) Open field test, time spent on the periphery; (D) Open field test, length of stay in the center; (E)
Obiject recognition test, previously known objects; (F) Object recognition test, new objects.
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4. Discussion

The administration of amoxicillin and clindamycin for 3 and 7 days resulted in
significant changes in bacterial composition and diversity in stool samples. Immediately after
exposure to antimicrobials, the Chao-1 index was lower, indicating that the species richness
decreased; however, the samples evaluated 30/60 and 90 days after exposure increased over
time. Alpha diversity indices indicated that the samples showed different degrees of richness
and diversity with antibiotics treatment times. Differences in alpha diversity in intestinal
microbiomes have been associated with depressive symptoms and major depressive disorder.
According to Jiang et al. (2015), Shannon's diversity also differed between patients who met
major depressive disorder criteria and healthy controls.

It is well documented that antibiotics can modify the diversity of bacteria present
in the intestine and cause losses in functional diversity and resistance to colonization against
invading pathogens (laniro et al. 2016, Yao et al. 2016, Burdet et al. 2019). However, few
studies evaluated the effects of amoxicillin and clindamycin on the intestinal microbiome,
using the combination of doses calculated based on human doses (in mg per kg of body
weight). For scaling dose of antibiotics for rat models, it was necessary to consider the
differences of species in weight and body surface area (Bachmann et al. 1996). The doses
were calculated comprising protocols from 3 and 7 days (Know et al. 2020, Tulstrup et al.
2015, Rashid et al. 2015). Tulstrup et al. (2015) and Know et al. (2020) have evaluated
changes in the microbiome after using these antimicrobials for longer than 7 days and usually
considered samples collected after 10 to 14 days of treatment. Short-term treatment with low-
dose antibiotics administered by gavage has been demonstrated by Frohlich et al. 2016 as a
valid model for probing causality in microbiota-dependent changes in brain function and
behavior, with approaches to the multiple actions of antibiotic treatment along the gut-brain
microbiota axis and their comparisons with the relevant Germ Free mouse phenotype.

The culture-based method revealed decreased bacterial load immediately after
antibiotics treatment (for both 3 and 7 days). At T30-T90, there was an increase in total
bacterial load, suggesting stability of the viable microbial population. However, the
sequencing method demonstrated significant qualitative changes, allowing for the detection of
new microbial community members. It can be justified due to the proliferation of commensal
bacteria that found new niches within the intestine, as observed in previous studies (Tulstrup
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et al. 2015, Guida et al. 2018).

Firmicutes were the most abundant phyla found in the gut microbiome, as
reported by Khan et al. (2014). In T3 and T7, there was an increase in phyla of Bacterioidetes
and Proteobacteria. In a study conducted by Antonopoulos et al. (2009), the combined intake
of amoxicillin, metronidazole, and bismuth reduced the presence of Firmicutes and increased
the populations of Bacteroidetes and Proteobacteria. Mice treated with different combinations
of antibiotics (vancomycin + imipenem, cephalothin + neomycin and amoxicillin +
metronidazole + bismuth) responded with a dramatic reduction of more than 50% of the
Firmicutes species and increased Proteobacteria (Enterobacteriaceae) (Kuribayashi et al.
2012, Dethlefsen et al., 2008). Amoxicillin markedly alterered the composition of the
intestinal microbiota microbiome and increased the abundance of ampicillin-resistant
Enterococcus spp. (Zimmermann et al. 2019). Microbial diversity reduction in fecal
microbiomes was observed 5 days after administering clindamycin (50mg/kg) to pigs.
However, the relative abundance of Proteobacteria increased 1 day after the use of the
antibiotic, particularly for genera Escherichia, Shigella, Enterobacter, Enterococcus,
Prevotella and Succinivibrio (Jurburg et al. 2019). In addition, male mice aged 6 to 8 weeks
and treated with clindamycin by gavage increased the load of enterobacteria, including drug-
resistant strains in the gut microbiome, persisting after treatment (Jenior et al. 2018).
Ampicillin, Streptomycin and Clindamycin (ASC) diluted into sterile drinking water and
administered for 14 days to animal drastically changed the intestinal microbiota's overall
composition, decreasing the bacterial diversity when compared to controls (Guida et al. 2018).
Perturbation of microbiota was accompanied by a general inflammatory state and alteration of
some endocannabinoidome members in the gut. There was also a persistent increase in alpha
diversity parameters 15 days after antibiotic ceasing administration.

Changes in the number and diversity of bacteria in the intestine might lead to
various diseases and behavior changes (Frohlich et al. 2016, Becattini et al. 2016).
Conceptually, the gut microbiota's effects on the brain may involve metabolic, immune,
endocrine, and neuronal pathways (Jiang et al. 2015, Noble et al. 2017, Huo et al. 2017, Jenior
et al. 2018). However, gut microbiota-brain communication is still insufficiently understood.

The open field and plus-maze tests were conducted on animals treated with
antibiotics for 3 and 7 days to investigate whether antibiotic treatment affects locomotor

activity and anxiety behavior. In the plus-maze test, animals remained more extended periods
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in the closed arms of the apparatus. In addition, for those treated with antibiotics for 7 days,
this behavior extended up to 30 days after treatment. In the open field test, the animals
belonging to groups treated with antibiotics for 7 days stayed more extended periods on the
arena's periphery than the others. This behavior also persisted for 30 days after treatment.
Locomotor activity and anxiety were significantly altered by treatment with clindamycin and
amoxicillin. The objetct recognition test was employed to determine the effect of antibiotic
treatment on the recognition memory. The results suggested a decrease in the animals' ability
to explore a new object immediately after the treatment, despite the period or antimicrobial
agent. Ceylani et al. (2018) showed that mice treated with ampicillin had decreased locomotor
activity in the open field and increased anxiety levels. Additionally, an increase in immobility
that may suggest depression behavior was demonstrated in the forced swimming test. On the
other hand, a recent study showed that treatment with amoxicillin and clindamycin had no
significant locomotor activity changes and similar to anxiety behavior. However, treatment
with clindamycin or amoxicillin induced impairment in recognizing new objects and
increased response similar to depression (Kwon et al. 2020).

Kwon et al. (2020) performed the object recognition test in mice treated with
amoxicillin and clindamycin for two weeks and observed that animals in the control group
preferred exploring the new object compared to animals treated with antibiotics had a shorter
exploration time for the new object. Frohlich et al. (2016) identified that the intragastric
administration of a mixture for 11 days ampicillin, bacitracin, meropenem, neomycin, and
vancomycin hindered the recognition of new objects. Animals belonging to the test group had
a lower memory index than animals treated with vehicles, which indicated that mice spent less
time exploring the new object than the known object.

In the present study, at T3 and T7, there was a significant increase in three
bacterial taxa Enterobacteriaceae_unclassified, Morganella, and Parabacteroides. Jiang et al.
(2015) detected higher levels of Enterobacteriaceae and Alistipes in adult patients with
depression, differences in alpha diversity, and specific bacterial rate levels in intestinal
microbiomes. Increased permeability of the gut wall in depressed patients may allow invasive
Gram-negative bacteria to translocate into mesenteric lymph nodes or the systemic circulation
(O’Malley et al. 2010). Therefore, Enterobacteriaceae and Morganella morganii may be
related to increased depression since this is accompanied by increased plasma

immunoglobulin IgA and/or IgM, which were directed against them (Maes et al. 2012). The
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genus Parabacteroides showed different abundance in mice exposed to social stressors (Bailey
et al. 2011). A study by Noble et al. (2020) indicated that the consumption of sugar in animals
in early life modified the microbial composition. An increase in Parabacteroides caused a loss
in the performance of the recognition test of new objects, negatively affecting learning.

Despite the antimicrobial agent at T3 and T7, there was a decrease in the
differential abundance for the genera Clostridium_sensu_stricto_1, Rombutsia, Rothia,
Ruminoclostridium_5, Turicibacter, and for Ruminococcaceae.

The increase in Rothia spp. in samples of feces from pregnant women indicated
intense anxiety during prenatal care (Hechler et al. 2019). The increase in this bacterial genus
IS associated with decreased fermentation of complex carbohydrates and peptides/proteins in
primary metabolites (free amino acids, short-chain fatty acids). Its decrease has been
associated with irritable bowel syndrome and inflammatory bowel disease (Gao et al. 2018).

Changes in intestinal microbiota in male C57/6 adult mice (8 weeks old) with a
chronic stress-induced depression model, followed by treatment with fluoxetine, led to
dysbiosis. Fluoxetine promoted a significant increase in different bacterial genera, including
Romboutsia (Sun et al. 2019). This bacterial genus has been commonly identified in the
human gut and is often associated with patients' healthy states. The drastic reduction in the
genus Rombutsia can represent a potential microbial indicator of a disease condition
(Naumova et al. 2020). After stress induction, the depression caused in rats contributed to an
increase in the prevalence of Clostridiaceae in the cecum (Bailey et al. 2011). However, Jiang
et al. (2015) reported that Clostridium, Ruminococcus and Haemophilus were abundant in
healthy patients compared to patients with major depressive disorder. Further studies are
warranted to determine specific fluctuations in family/genus members and their metabolic
profiles in the gut microbial communities, which may modulate behavioral diseases'
sign/symptoms.

In murine models, intense exercise-induced stress exacerbated intestinal
inflammation and clinical outcomes, decreasing the presence/abundance of Turicibacter
(Firmicutes) (Allen et al. 2015). The increase in the intestinal content of Turicibacter was
correlated with the increase in butyric acid, a short-chain fatty acid with immunomodulatory
potential, which stimulates the ruminal papillae and microvilli of the enterocytes, as well as
the digestion and absorption of specific nutrients. Suchodolski et al. (2012) also indicated

possible anti-inflammatory effects of Turicibacter metabolites.
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There was a significant decrease in Ruminococcacea immediately after the
administration of antimicrobials (T3/T7), which may be associated with gut-barrier
alterations. Anxiety and depression in humans had been associated with fluctuation in OTUs
belonging to the family Ruminococcaceae (Humbel et al. 2019, Chen et al. 2019). Leclercq et
al (2014) indicated alcohol dependent subjects with high intestinal permeability had a drastic
decrease in the abundance of Ruminococcus, Faecalibacterium, Subdoligranulum,
Oscillibacter, and Anaerofilum. All of these genera belong to the Ruminococcaceae family.
Therefore, alcohol-dependent subjects developed gut leakiness, which was associated with
higher scores of depression and anxiety. In the present study, rats also had behavioral
alterations in those periods.

In the present study, no behavioral alteration was observed for T30-T90, as
compared to control groups. The differential abundance analysis indicated an increase from
members of Bacteroidales, Lachnospiraceae, Muribaculaceae, and Ruminiclostridium. The
results are controversial in the literature. Patients with excessive anxiety, depression and
perceived stress were found to have high abundance of Bacteroidaceae, a member of the
Bacteroidales order (Peter et al. 2018). The family Lachnospiraceae is an important
component for maintaining the intestinal barrier, as a family known for its butyrate production
(Naseribafrouei et a. 2014). Zhou et al. (2020) indicated an association between depression
and a decrease in the abundance of this family in human feces (Zhou et al. 2020). Schmidtner
et al. (2019) reported that a positive correlation was found between the abundance of
Lachnospiraceae and 3-OH-butyrate in high anxiety-like behavior male rats. Those animals
had decreased relative abundance of the Lachnospiraceae when compared to rats non-selected
for anxiety. Muribaculaceae are the main monosaccharide degraders derived from intestinal
mucus in mice (Williams et al. 2011), and are abundantly found in animals with cognitive
disorders (Zhou 2020). The decrease of the Muribaculaceae may be associated with no
behavioral alteration in T30-T90.

There was a significant decrease in components of the genus Akkermansia in the
fecal samples, at 30 to 90 days after the use of antimicrobials. The use of second and fourth
generation quinolones inhibited in vitro several species, except Akkermansia muciniphila
(Maier et al. 2020). It is associated as a protective bacterial several diseases and dysbiotic
states such as obesity, type 2 diabetes, inflammatory bowel diseases, hypertension and liver

diseases (Cani and de Vos 2017, Zhou et al. 2020). Significant reductions in Akkermansia
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spp. in feces of socially stressed animals that exhibited decreased central time during the open
field test can indicate increased anxiety-like behavior (McGaughey et al. 2019). Member of
the genus Akkermansia have demonstrated the ability to produce acetate and propionate as
products of mucus degradation (Zhou 2020). It is important to note that the production of
these short-chain fatty acids appears located within the mucus layer, close to the epithelial
cells, which serve as an interface for the interaction between the intestinal microbiota and the
host tissues (McGaughey et al. 2019).

5. Conclusion

The host-microbial interactions from the gut microbiome perspective are complex and
seemed to be strongly modulated by antibacterial agents. This study showed that the treatment
of rats with amoxicillin and clindamycin for 3 and 7 days, according to the dosage used in
clinical practice, can produce changes in the intestinal microbiome, significant changes in
viable bacterial load. Microbial communities were modulated by the antimicrobial use over
time, contributing to low performance in cognitive tests with difficulty in recognizing new

objects and anxious behavior.
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Supplementary Material

Material and Methods

Fecal sampling and initial processing

The feces pellets were collected after an abdominal massage. The pellets that
layered over sterilized material were retrieved with sterilized metallic pliers. Two pellets were
collected from each animal in each period. They were individually placed into sterilized,
DNAGse free, and pre-weighed plastic tubes with glass beads. The pellet weigh was determined
subtracting the initial from the final weight of the tube. All samples were assigned codes.

Bacterial culture

After sampling, sterilized saline was immediately added to reach the proportion of
1 mg of feces to 1 pL of phosphate-buffered saline (PBS). Inside the laminar flow chamber,
the sample with the saline was shaken thoroughly in a mixer for 60 s (Vortex, Marconi, S&o
Paulo, SP, Brazil). Serial 10-fold dilutions were made up to 1:10® in tubes containing PBS.
The spotting technique was employed to determine the number of colony-forming units
(CFUs) per mL. Three drops (25 pL) of each serial dilution 1:103, 1:10%, 1:10°, and 1:10°
were plated into Brain Heart Infusion to culture non-selectively obligate anaerobes and
facultative anaerobes. The plates were incubated at 37°C in anaerobic jars with anaerobic
generators (Anaerobac, PROBAC do Brasil Produtos Bacteriologicos Ltda, Sdo Paulo, Brazil)
for up to 7 days. The number of CFUs in each spot was determined through visualization. The
dilution allowed for counting separate bacterial colonies was chosen to calculate the number
of CFUs for a sample. Then, the median value of CFUs determined from the three drops was

considered to reach the number of CFU/mL in the initial sample.

DNA Extraction, 16S rRNA Sequencing

Bacterial DNA was isolated from fecal samples using the QlAamp PowerFecal
DNA Kit (QIAGEN, Valencia, CA), following the manufacturer's instructions. Pooled
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samples were assembled for each test group, in the different periods of sampling. Pooled
samples were created by mixing an aliquot of 100 pL of each individual sample. Samples
were standardized to a concentration of 20 ng/uL. Pools were then labeled as described in the
Figure 1.

The hypervariable V4 region from the rRNA gene was amplified by PCR using
the following primer pair: 515F (5-GTGCCAGCMGCCGCGGTAA-3) and 806R (5'-
GGACTACHVGGGTWTCTAAT-3'). To pool different samples in the same reaction, we
used the primer-fusion method and each sample had a distinct barcode attached on the
corresponding PCR product. The purified products were subjected to emulsion PCR using lon
PGM™ Hi-Q™ vyiew OT2 kit (Thermo Fisher Scientific, USA). After, the resulting enriched
beads were sequenced in an NGS machine (lon Torrent PGM, Life Technologies) using lon
PGM™ Hi-Q™ view sequencing kit (Thermo Fisher Scientific, USA).

Behavior Tests
Open field test

The animals were evaluated in the open-field test, according to the methodology
described by Ploeger and Spruijt (1992), before treatment/control exposure and in different
experimental periods (TO, T4, T8, T30, T60, T90). They were placed in the left rear corner of
the apparatus and were monitored to observe the exploratory profile for 5 minutes. The
number of displacements (when the animal places all four legs in any of the squares) is
associated with the locomotor activity; and the time that the animal remained on the sides and
center of the apparatus is a measure of anxiety. The number of fecal pellets at the end of the
period were registered. The apparatus was cleaned between each animal change with 300

ethanol.

Elevated plus-maze

Anxiety was also measured in the elevated plus-maze, according to the
methodology as described previously by Lister (1987). It consists of evaluating the movement
of the animals for five minutes on a cross-shaped apparatus with two arms with open sides

and two arms with sidewalls that provide apparent protection for the animal. The apparatus
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consists of a black wood cross maze, raised to a height of 50 cm above ground level. It has
two open arms and two closed arms (50 cm x 40 cm x 10 cm), which extend from a common
central platform (10 cm x 10 cm). The time spent in open-arms, closed-arms and the center

platform was recorded as a measure of an anxiety state.

Object recognition test

The animals were exposed to an object recognition task in the open field arena. In
the training session, the animals were exposed to two identical objects Al and A2, and the
exploration time of each object was evaluated. After 30 seconds (on both objects), the animal
was removed from the arena. Twenty-four hours after training (long-term memory), object A2
was replaced by another object. The exploration time of the objects was evaluated for 5
minutes. Exploration represented the act of smelling and touching the object. The recognition

index was calculated for each animal, as described by Pieta-Dias and collaborators (2007).

Data Analyses
Bacterial culture analyses

Data analysis was conducted through the statistical package GraphPad PRISM
(GraphPad Software, San Diego, CA, USA, version 8.4.3). The statistical significance level
was set at 5%. The normality of the data was determined through the Shapiro-Wilk test. The
changes in microbial counts over time in the same experimental group, were determined using
the Friedmann test. The Kruskal-Wallis test was employed to determine the difference in the

bacterial counts between groups in the same period of time.

Behavioral tests analyses

Data analysis was conducted through the statistical package GraphPad PRISM
(GraphPad Software, San Diego, CA, USA, version 8.4.3). The statistical significance level
was set at 5%. The normality of the data was determined through the Shapiro-Wilk test. The
analysis of changes in the animals' behavior over time, in the same experimental group, was

determined using Friedmann's test.
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Bioinformatic analyses
16S rRNA reads processing for downstream analyses

The sequence data exported from the Miseq System was processed using a custom
pipeline in Mothur v.1.44.3 (Schloss et al. 2009). Initially, sequences were depleted of
barcodes and primers (where no mismatch was allowed) and then a quality filter was applied
to eliminate low-quality reads. Quality control was conducted by trimming low-quality reads,
those with incorrect length, those containing an ambiguous base, or those containing
homopolymers longer than 8 bp. All potentially chimeric sequences were identified and
removed using VSEARCH (Rognes et al. 2016).

After these initial quality filtering and trimming steps, the remaining sequences
were clustered into Operational Taxonomic Units (OTUs) based on a 99% identity level and
were classified against the SILVA v132 reference database at 97% similarity (Quast et al.
2013). Sequences that could not be classified (i.e., “unknown” sequences), as well as
sequences identified as eukaryotes, mitochondria, and chloroplasts, were removed before

further analysis.

An additional filtering step was performed by removing OTUs with less than 10
reads to reduce spurious OTUs caused by PCR or sequencing errors. The resulting OTU table
was normalized using the cumulative sum scaling (CSS) method. For alpha diversity analysis,
the OTU table was rarefied to the smallest library size. Subsequent analyses of the sequence
dataset were performed in R v. 3.6.1 (using vegan, phyloseq, ggplot2, and
MicrobiomeAnalystR packages).

Microbial communities and statistical analysis

Alpha-diversity was assessed using species richness indices (Chaol) and species
diversity indices (Shannon). Principal coordinates analysis (PCoA) was conducted to compare
significant differences between bacterial communities (i.e., to estimate beta diversity). A
matrix using phylogenetic and non-phylogenetic metrics (weighted Unifrac and Bray-Curtis
dissimilarity, respectively) was calculated for each pair of samples. Distances were translated
into points in space with one fewer dimension than the number of samples. The ANOSIM
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multivariate test was run on the distance matrix to obtain statistical confidence for the sample

grouping observed by PCoA.

The linear discriminant effect size (LEfSe) method was employed to analyze
differentially abundant taxa (Segata et al. 2011). This algorithm performs a nonparametric
factorial Kruskal-Wallis sum rank test and linear discriminant analysis (LDA) to determine
statistically significant different features between taxa and estimates the effect size of the
difference. Differences were considered significant beyond a logarithmic LDA score
threshold of £1.0 and a P-value <0.05.

Supplementary Figures
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Supplementary Figure 1. Effects of antibiotics on weight gain during the intervention (week
0 to 12). Significant differences between the treatment groups and the control group were
determined by the Mann Whitney test (# P <0.05, ## P <0.01, ### P <0.001). CT_3D, use
0.9% saline solution; AM_3D, use of amoxicillin for 3 days; CM_3D, use of clindamycin for
3 days; CT_7D, use 0.9% saline solution; AM_7D, use of amoxicillin for 7 days; CM_7D,
use of clindamycin for 7 days.
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5. CONCLUSOES

Os efeitos das bactérias intestinais na funcdo e no desenvolvimento do cérebro
tém sido uma area de pesquisa ativa nos Ultimos anos. O uso de antibidticos pode alterar a
diversidade bacteriana no intestino pois ndo sdo seletivos, atingindo também as bactérias
comensais.

No presente trabalho a exposicdo de ratos Wistar, aos antimicrobianos
amoxicilina e clindamicina por 3 dias, foi capaz de diminuir a carga microbiana nas fezes dos
animais expostos imediatamente ap6s 0 uso dos mesmos. Para os animais que receberam
antimicrobianos por 7 dias, uma diminuicdo significativa no nimero de colonias bacterianas
foi observada logo ap6s a administragdo, permanecendo alterada mesmo apds 30 dias de
administracdo. No entanto, ndo houve diferenga entre os grupos AC e CM.

Entretanto foi observado que os indices de diversidade alfa indicaram variacGes na
riqueza, diversidade e equitabilidade em relacdo a exposicdo a AM ou CM. Mudancas
composicionais a nivel de género apresentaram diferencas estatisticamente significativa apos
3 e 7 dias do uso dos antibioticos e se mantiveram alteradas ap6s 30, 60 e 90 dias.

Os animais apresentaram um comportamento mais ansioso imediatamente apds o
uso de AC e AM quando avaliados no teste do labirinto em cruz elevado, entretanto quando
submetidos ao teste de campo aberto ndo houve diferenca estatisticamente significativa para
0S animais que usaram 0s antibioticos por 3 dias. Para os grupos de animais que usaram
antibidticos por 7 dias o tempo no centro do aparelho mostrou-se significativamente menor.
Quando submetidos ao teste de reconhecimento de objeto foi observado que o tratamento com
0s antibidticos diminuiu a capacidade dos ratos de explorar um novo objeto, quando avaliados
imediatamente apds o uso dos antibidticos.

Os antibidticos amoxicilina e clindamicina mesmo em doses baixas e em
esquemas posologicos com uso por curto periodo demonstraram ser capazes de afetar
significativamente a composicdo da microbiota intestinal, mesmo que haja um retorno no
namero de colbnias anteriormente visualizadas. Este estudo mostrou que mesmo apds 90 dias
de uso dos antimicrobianos a sua composi¢do ndo permanece a mesma, € consequentemente

pode acarretar em manifestacdes no comportamento.
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7. ANEXOS
ANEXO 1 - PARECER DE APROVACAO DA CEUA-PUCRS

—

SIPESQ

Sistema de Pesquisas da PUCRS

Cadigo SIPESQ: 8361 Porto Alegre,2 da cutubra de 2018

Prazado(a) Pesquisador(a),

A Comissdo de Etica no Uso de Animais da PUCRS apreciou e aprovou o
Projeto de Pesquisa "EFEITC DO TEMPO DE UTILIZACAO OE ANTIMICROBIANOS
PRESCRITOS PARA O TRATAMENTO DE INFECCOES ODONTOGENICAS NO
COMPORTAMENTO E NO MICROBIOMA ORAL E INTESTINAL ESTUDD Em MODELO
ANIMAL" coardenada por MARIA MARTHA CAMPOS,

Sua Investigagde. respeitando com detalhe as

descricbes contidas no projeto e formuldrios aveliados pela CEUA, esta autorizada a
partir da presenta data.

Duracéio do Projeto: 02110/2016 - 020712018

N* de Animais Espécie
42 Raltus novergicus
Total da Animais: 42
Atenciosamentes,

Camisedo de Etica no Uso de Animais(CEUA)




ANEXO 2 — PARECER DE APROVACAO PELA COMPESQ-ICBS-UFRGS
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ANEXO 3 - PARECER DE ENVIO A CEUA-UFRGS COM INDICACAO DE
ENCAMINHAMENTO A CEUA-PUCRS, INSTITUICAO ONDE SE REALIZA A
ETAPA EXPERIMENTAL ENVOLVENDO ANIMAIS.

Trata-se de um projeto de pesquisa vinculado ao doutorado de uma aluna do Programa de Pds-Graduacdo em Ciéncias
Bioldgicas: Farmacologia e Terapéutica/ UFRGS,tendo como linha tematica Farmacologia da Infeccdo.Titulo: EFEITO DO
TEMPO DE UTILIZACAC DE ANTIMICROBIANOS PRESCRITOS PARA O TRATAMENTO DE INFECCOES ODONTOGENICAS NO COMPORTAMENTO E NO
MICROBIOMA ORAL E IMTESTIMAL - ESTUDO EM MODELO ANIMALEste projeto serd realizado em trés locais: Biotério do Centro
de Modelos Biolégicos Experimentais (CEMBE) da Pontificia Universidade Catolica do Rio Grande do Sul, Laboratério de
Bioquimica e Microbioleogia Bucal, da Faculdade de Odontologia, Universidade Federal do Rio Grande do Sul e Laboratdrio
de Geobiologia, do Instituto do Petrdleo e Recursos Maturais da Pontificia Universidade Catélice do Rio Grande do Sul.
Tendo em vista que o desenvolvimento da parte experimental do projeto de pesquisa intitulado: Efeito do tempo de
utilizacdo de antimicrobianos prescritos para o tratamento de infec¢bes odontogénicas no comportamento e no microbioma
oral e intestinal - Estudo em Modelo Animal, que envolve a utilizacdo de animais (ratos Wistar (Rattus norvegicus))
sera desenvolvido no ambito da Pontificia Universidade Catdlica do Rio Grande do Sul, cabe a CEUA - PUC a sua analise
e aprovacdo. Com isso, o referido projeto ficara arquivado na CEUA- UFRGS.
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ANEXO 4 — CADASTRO NO SISTEMA DE GERENCIAMENTO DO PATRIMONIO

GENETICO (SISGEN).

Ministério do Melo Amblente
CONSELHO DE GESTAD DO PATRIMONIO GENETICO

SISTEMA HACIOMAL DE GEETAD DO PATRIMONID GENETICE E D0 CONHECIMENTD TRAMCIONAL ASSOCIADD
Comprovante de Cadastro de Acesso
Cadastro n? A425474

A alividade de soegss a0 Palrimons Gendlics, nos lenmos abaixmn resumida, Toi cadasirada no SioGen,
e abendEmeanto &0 previslo na Lei n® 13.123/2015 & seus regulamentos.

Wisrsern do cadastre: A425474

Usisario: UFRGS

CPFICNPL 92.069.B580001 08
Objeto do Acesso: Patrimnio Genético
Firaligade do Acesse: Pesquisa

Espécie

Impessibilidade de identificacio
Impessibilidade de identificagio
Impessibilidade de identificagia
Impessibilidade de identificacio
Impessibilidade de identificagia
Impessibilidade de identificacio
Impessibilidade de identificagio
Impessibilidade de identificacio
Impessibilidade de identificagio
Impessibilidade de identificacio
Impessibilidade de identificacio
Impessibilidade de identificagia
Impessibilidade de identificacio
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Impossibilidade de identificacio

Titule da Atvidade: Efeitn do tempo de utilizacio de antimicrobianos prescritos para o
iratamanto di |I'|H¢I:ﬂll- Mﬂlﬂﬂﬂlﬂlﬂt no comporiamento & no microbicma
oral & intestinal - estude em models animal

Equipe

Francizcs Montagner UFRGS
Maria Martha Campos PUCRS
Rafagla Alves Arcanjo UFRGS

Parceiras Nacionais
BH.630.41W0001-08 | Unifo Brasileira de Educagio o Assistincia

Data dn Calasho: 18102018 09:168:18
Siluacdo do Cadastm: Concluido

Conselho de Gesldo do Palimdris Genélico
Siluacho cadastral confodme consulta 80 SEGen am 918 de 18M02KME.

A N4, SIBTEMA NAGIONAL DE GESTAG
0O PATRINOMIO GENETICO

0 DO CONHECIMEMTE TRADICIONAL

ANYANY  assocuoo-sisoEw
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