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RESUMO

A paralisia cerebral (PC) € uma desordem neuroldgica que altera funcbes motoras,
além de retardar o crescimento somatico e a maturacao dos reflexos. A serotonina
(5-HT) age como um importante neuromodulador no sistema nervoso central e
periférico, alterando a plasticidade dos circuitos neurais e se apresentando como um
fator que pode alterar alguns efeitos deletérios da PC através de sua manipulacdo
farmacoldgica. Esse estudo tem como objetivo avaliar os efeitos da inibicédo
farmacoldgica da recaptacdo da 5-HT através do uso da fluoxetina, sobre a
maturacdo somatica, ontogénese reflexa, desenvolvimento motor e numero de
células no cortex somatossensorial em ratos submetidos ao modelo experimental de
paralisia cerebral. Estudo de carater experimental, composto por 64 ratos Wistar
machos com distribuicdo entre os grupos: 1- Controle/Salina (C+S=13), 2-
Controle/Fluoxetina (C+F=18), 3- Andxia perinatal e restricdo sensériomotora/Salina
(PC+S=17), 4- Andxia perinatal e restricado sensoriomotora/Fluoxetina (PC+F=16). O
tratamento farmacoldgico foi administrado do 2° ao 21° dia pela via subcutanea, na
regido dorsal do animal, utilizando uma concentracdo de 10 mg/Kg do peso corporal.
O controle utilizou 10ml/kg de solucdo de Cloreto de Sodio (NaCl) a 0,9%. O
crescimento somatico foi avaliado em dias alternados, a maturacdo das
caracteristicas fisicas e a ontogénese de reflexos foram avaliados diariamente até o
seu aparecimento. O desenvolvimento da atividade locomotora foi avaliado através
de filmagens dos animais em um campo aberto em dias alternados. A avaliacdo da
coordenacao foi realizada pelo teste de rotarod no 29° dia, no qual também os
animais foram eutanaziados e houve a retirada de tecido encefalico para anélise
histol6gica do cértex somatossensorial. Para verificacdo da distribuicdo normal e a
homogeneidade das variancias foi utilizado o teste de Kolmogorov-sminorv. A
comparacao de meédias foi realizada pelos testes Anova Two Way e Kruskal-wallis.
Houve uma diminuicdo do peso (p<0,05) nos ratos submetidos a PC e nos que
fizeram uso da Fluoxetina. Nos parametros avaliados do desenvolvimento somatico,
os animais PC e os animais que sofreram a PC associada a manipulacao
farmacoldgica tiveram menores medidas do comprimento da cauda (p<0,05). O eixo
longitudinal e o latero lateral do cranio foram menores (p<0,05) no grupo PC em
relacdo ao grupo controle, e do grupo PC que sofreu a manipulacéo farmacoldgica

em comparagao aos que ndo sofreram. A distancia total (m), a velocidade média



(m/s), a poténcia média (mW) e o tempo parado (s) foram menores (p<0,05) para 0s
grupos C+F e PC+S comparados ao grupo C+S. Foi observado também uma
diminuicdo (p<0,05) nesses mesmos parametros do grupo PC+F comparado ao
grupo PC+S. A coordenacéao foi menor (p<0,05) no grupo C+F comparado ao grupo
C+S e no grupo PC+S comparado ao grupo C+S. Houve uma diminui¢cdo (p<0,05)
do ndmero de neurbnios e um aumento (p<0,05) das células da glia no coértex
somatossensorial no grupo PC+S comparado ao C+S, assim como no grupo PC+F
comparado ao grupo PC+S. A inibicdo farmacologica neonatal exacerba os efeitos
sobre o desenvolvimento somatico, motor, atividade locomotora e plasticidade neural

do cértex somatossensorial em animais submetidos a modelo experimental de PC.

PALAVRAS-CHAVE:
Asfixia. Restricdo fisica. Serotonina. Inibidores da Captacédo de Serotonina.

Crescimento e Desenvolvimento. Locomocgéo. Plasticidade Neuronal.



ABSTRACT

Cerebral palsy (CP) is a neurological disorder that alters motor functions, and slows
somatic growth and maturation of reflexes. Serotonin (5-HT) acts as an important
neuromodulator in the central and peripheral nervous system, altering the plasticity of
neural circuits and presenting as a factor that can alter some deleterious effects of
CP through its pharmacological manipulation. This study aims to evaluate the effects
of pharmacological inhibition of 5-HT reuptake through the use of fluoxetine on
somatic maturation, reflex ontogenesis, motor development and number of cells in
the somatosensory cortex in rats submitted to the experimental model of cerebral
palsy. Experimental study, consisting of 64 male Wistar rats with a distribution
between groups: 1-Control / Saline (C + S = 13), 2-Control / Fluoxetine (C + F = 18),
3-Perinatal anoxia and sensory-motor restraint / Saline (PC + S = 17), 4 - Perinatal
anoxia and sensory-motor restraint / Fluoxetine (PC + F = 16). Pharmacological
treatment was administered subcutaneously, using a concentration of 10 mg / kg
body weight, from the 2nd to the 21st day. The control used 10 ml / kg of 0.9%
Sodium Chloride (NaCl) solution. Somatic growth was evaluated on alternate days,
maturation of physical characteristics and reflex ontogenesis were evaluated daily
until its appearance. The development of the locomotor activity was evaluated by
filming the animals on alternate days. The evaluation of the coordination was
performed by the rotarod test on the 29th day, in which the animals were also
euthanized and the brain tissue was removed for histological analysis of the
somatosensory cortex. There was a decrease in weight (p <0.05) in the rats
submitted to CP and in those who used Fluoxetine. In the evaluated parameters of
the somatic development, the PC animals and the animals that suffered CP
associated with pharmacological manipulation had smaller measures of the tail
length (p <0.05). The longitudinal and lateral axes of the skull were smaller (p <0.05)
in the PC group than in the control group, and in the PC group that underwent
pharmacological manipulation compared to those who did not. The mean distance
(m), mean speed (m / s), mean power (mW) and standing time (s) were lower (p
<0.05) for C + F and PC + S groups compared to group C + S. It was also observed
a decrease (p <0.05) in these same parameters of the PC + F group compared to the
PC + S group. There was a decrease (p <0.05) in the number of neurons and an

increase (p <0.05) of the glia cells in the somatosensory cortex in the PC + S group



compared to the C + S group, as well as in the PC + F group compared to the PC + S
group. Neonatal pharmacological inhibition exacerbates the effects on the somatic
development, motor, locomotor activity and neural plasticity of the somatosensory

cortex in animals submitted to an experimental PC model.

KEY WORDS: Asphyxia. Restraint Physical. Serotonin. Serotonin Uptake Inhibitors.
Growth and Development. Locomotion. Neuronal Plasticity.
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1 INTRODUCAO

A paralisia cerebral (PC) apresenta incidéncia de 1,2 a 2,3 por 1.000 criancas
em idade escolar, sendo considerada a causa mais comum de disfungcdo motora
cronica na infancia (FERRAZ et al., 2010). Em paises subdesenvolvidos ou em
desenvolvimento, no entanto, a incidéncia é maior, pois esses paises reunem
condicbes mais favoraveis a ocorréncia de problemas crénicos como a
PC(HIMMELMANN et al., 2011). Estima-se que no Brasil surgem 17.000 novos
casos por ano (ARAUJO, 2012).

A PC compreende um grupo de desordens do movimento e da postura que
causam limitacdo funcional e sdo atribuidas a distarbios ndo progressivos que
ocorrem no sistema nervoso central fetal ou da crianca em desenvolvimento
(ROSENBAUM et al., 2007). Esta doenca pode estar associada a déficits na
percep¢cdo somatossensorial e/ou alteragcdes no desenvolvimento normal do sistema
somatossensorial (BAX M, GOLDSTEIN M, 2005). Grande parte dos pacientes com
PC exibem aumento dos reflexos, hipertonicidade e marcha caracteristica em
tesoura, podem apresentar também atrofia e fraqueza muscular (KRIGGER, 2006).
Esses pacientes apresentam inabilidade em controlar as fun¢g6es motoras devido a
reducdo do nimero de unidades motoras efetivas, o que leva ao controle muscular
anormal (KOMAN et al., 2004). Isto pode afetar diretamente a capacidade
exploratéria, o aprendizado e a independéncia (JONES et al., 2007). H4 mudancas
no comprimento e/ou na estrutura muscular e dos ossos (NOVACHECK; GAGE,
2007), como anormalidades no tamanho das fibras musculares e transicdo de seus
fendtipos de lentas para rapidas, evidéncias observadas em bidpsias de fibras
musculares de paciente com PC (ITO et al., 1996; MARBINI et al., 2002). Conforme
0 cenario de mudancas propostos pela PC, também foi observado um aumento na
expressdo de citocinas proé-inflamatérias e nos niveis de radicais livres em modelo
experimental de paralisia cerebral (STIGGER; FELIZZOLA; et al.,, 2011). Numa
abordagem mais profunda em estudos experimentais, os déficits nas funcdes
motoras e cognitivas tém sido associados com alteragcbes nos numeros e na
organizacao das sinapses, especialmente nas areas do cortex cerebral e no nucleo
estriado (BERG et al.,, 2000). Alteracbes nos padrbes de movimentos causam

mudancas nas representacfes dessa area, devido a isso as alteragcdes na histologia
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cerebral nos modelos de PC devem ser estudadas com atencdo (MARCUZZO et al.,
2010).

Assim como as evidéncias experimentais indicam diversas mudancas
biolégicas em resposta a uma patologia, elas mostram também que
neurotransmissores sao utilizados como sinais de desenvolvimento, que modulam a
construcdo e plasticidade dos circuitos neurais (LIPTON; KATER, 1989). A
serotonina (5-HT) pode modular eventos do desenvolvimento, incluindo a divisao
celular, migracdo neuronal, diferenciacdo das células e sinaptogénese, através de
uma grande variedade de receptores com acdes limitadas e diferenciadas durante
periodos especificos do desenvolvimento (GASPAR et al., 2003; AZMITIA, 2006).
Nesse contexto, a modulacdo do sistema serotoninérgico através do aumento da
disponibilidade de 5-HT na fenda sinaptica, por meio da manipulacdo farmacolégica

com inibidores seletivos da recaptacao da serotonina, tem sido bastante estudada.

Uma das maneiras de estudar os efeitos da manipulacdo farmacolédgica no
desenvolvimento é através da avaliacdo do desenvolvimento neuromotor, que pode
ser representando também pela ontogénese dos reflexos. (LOPES DE SOUZA et
al., 2004; DEIRO et al., 2008; GALINDO et al., 2015). Os reflexos sdo respostas
motoras estereotipadas do sistema nervoso central em resposta a estimulos
internos ou externos (ZEHR; STEIN, 1999). Os reflexos sédo considerados
indicadores do desenvolvimento do sistema nervoso (SN), pois caracterizam a
ocorréncia simultanea de varios eventos do desenvolvimento do SN, obedecendo a
uma sequéncia predeterminada de acordo com a idade dos animais (FOX, 1965;
SMART; DOBBING, 1971).

A plasticidade fenotipica retrata a habilidade de um organismo alterar sua
fisiologia e/ou morfologia em decorréncia de sua interagdo com 0 ambiente
(STEARNS et al., 1991). Em estudos com inibidores seletivos de recaptacdo da
serotonina observaram que o possivel aumento nos niveis deste neurotransmissor
na fase perinatal do desenvolvimento esta associado com altera¢cdes na maturacao
de reflexos em roedores (DEIRO et al., 2008), além de prejuizo nas atividades
motoras (RIBAS et al., 2008; LEE; LEE, 2012). Mais recentemente, observamos que
a inibicdo farmacologica neonatal da recaptacdo da serotonina protege as células
neurais do stress oxidativo durante o desenvolvimento do cérebro (NOVIO et al.,

2011; MORETTI et al., 2012). Esta interessante evidéncia sugere um papel protetor
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da atividade serotoninérgica sobre o desenvolvimento neural.

O manejo terapéutico da paralisia cerebral € principalmente de
acompanhamento das sequelas e nenhum dos tratamentos atuais oferecidos tentam
corrigir o problema principal de uma lesédo cerebral. Entretanto, a alteragdo da
plasticidade cerebral € um dos mecanismos de tratamentos de problemas
neurolégicos. BUDHDEO; RAJAPAKSA(2011) afirmam isso e apresenta evidéncias
que sugerem que este € o mecanismo de acdo dos inibidores seletivos da
recaptacao da serotonina (ISRS), inclusive no tratamento da depressdo. Achados
encorajadores de melhorias motoras em pacientes com vitimas de acidente vascular
cerebral (AVC) tratados com ISRS (CHOLLET et al., 2011) sugerem a possibilidade
de melhorias semelhantes na paralisia cerebral (BUDHDEO; RAJAPAKSA, 2011).
Além dessas melhorias, a alteracdo da plasticidade no desenvolvimento neuromotor
pode atuar auxiliando na evolucdo dos tratamentos, visto que animais submetidos a
injuarias no periodo neonatal desenvolvem alteracbes do sistema neuromusculo-
esquelético (MARCUZZO et al., 2010; STIGGER; NASCIMENTO, DO; et al., 2011;
MEIRELES et al., 2017). Mediante a essas observacgdes foi pretensdo deste estudo
experimental avaliar o papel dos ISRS na maturacdo somatica, ontogénese reflexa e
desenvolvimento da atividade locomotora de animais submetidos a paralisia cerebral
experimental. Diante das varias evidéncias anteriormente referidas, foi postulado um
papel benéfico dessas substancias que aumentam os niveis cerebrais de 5-HT
quando aplicadas precocemente no desenvolvimento neuromotor de individuos ja

acometidos pela paralisia cerebral.
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2 REFERENCIAL TEORICO

2.1 Paralisia Cerebral (PC) e PC experimental.

A paralisia cerebral € uma sindrome de prejuizo motor e disturbios
permanentes do desenvolvimento, causando limitagbes das atividades, que sao
atribuidas a distirbios ndo progressivos que ocorrem no desenvolvimento do
cérebro fetal ou infantil (COLVER et al., 2014). Os prejuizos motores presentes séo
geralmente acompanhados de disturbios de sensibilidade, percepc¢éo, cognicao,
comunicacdo e comportamento, pela epilepsia, e por afeccées musculoesqueléticas
secundarias (ROSENBAUM et al., 2007).

A complexidade na forma da apresentacdo da doenca € observada nas suas
vérias classificagcbes (KOMAN et al., 2004). A paralisia pode ser definida de acordo
com a localizacdo anatdmica da lesdo cerebral (cortex piramidal, trato piramidal,
sistema extrapiramidal, ou cerebelo); sintomas e sinais clinicos (espasticidade,
formas distbnicas, coreoatetdide ou ataxia); distribuicdo topogréafica (diplegia,
quadriplegia, ou hemiplegia); tempo do insulto presumido, (préparto, intraparto e
pésparto); e classificacdo do grau do tébnus muscular (isotdnica, hipotbnica ou
hiperténica) (REBEL et al., 2010) As condicbes apresentadas englobam fatores
heterogéneos quanto a etiologia, sinais clinicos e a severidade de
comprometimentos. Mcintyre et al., 2013, publicaram uma revisdo sisteméatica
apontando 10 fatores de risco associados significativamente com a PC:
anormalidades placentérias, defeitos congénitos, baixo peso ao nascer, aspiracdo de
mecobnio, cesariana de emergéncia, asfixia ao nascer, convulsées neonatais,

sindrome do desconforto respiratério, hipoglicemia e infec¢cdes neonatais.

7

A PC é composta por dificuldades na realizagdo do movimento e da
manutenc¢do da postura causando limitacdo funcional e sdo atribuidas a disturbios
Nao progressivos que ocorrem no sistema nervoso central fetal ou da crianca em
desenvolvimento (COLVER et al., 2014). Sdo associados a doenca alteragcdes no
desenvolvimento, além de déficits de percepcdo ambos do sistema
somatossensorial (BAX M, GOLDSTEIN M, 2005). Grande parte dos pacientes com
PC exibem aumento dos reflexos, hipertonicidade, marcha caracteristica em tesoura
e podem apresentar também atrofia e fraqueza muscular (KRIGGER, 2006). Além

das pesquisas realizadas para esclarecer a incidéncia da doenca, a neurociéncia
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moderna vem apresentando um crescente numero de estudos a respeito da
patogénese e de potenciais terapias para a PC (KIASATDOLATABADI et al., 2016;
LISOVSKA et al.,, 2016). Esse progresso nao seria possivel sem os estudos com
modelos experimentais, a maioria com o0 objetivo de replicar uma ou mais
caracteristicas da paralisia cerebral em animais em desenvolvimento (JOHNSTON et
al., 2005).

Existem diversos modelos experimentais de paralisia cerebral, através de
agressoes na fase gestacional e perinatal, com o objetivo de reproduzir os efeitos
dessa condicdo clinica nas pesquisas, como a espasticidade e os déficits motores
(BOKSA, 2010; STIGGER; FELIZZOLA, et al., 2011; LACERDA, DIEGO CABRAL et
al., 2017). Os modelos sao variados e tdo heterogéneos quanto a propria doenca. A
variacdo entre os modelos acontece de acordo com os diferentes focos do problema
(déficits motores, cognitivos), como o tempo necessario para a injaria (periodo
gestacional, periodo neonatal), com o0 mecanismo de lesdo (acidente vascular
cerebral, sepse, malformacéao, asfixia), alvo da leséo (substancia branca, neurdnios),
espécie (ratos, coelhos, camundongos), e o resultado funcional (JOHNSTON et al.,
2005). O acidente vascular cerebral perinatal € uma causa importante de paralisia
cerebral (MACHADO et al., 2015), e alguns modelos estdo sendo desenvolvidos
com a oclusao transitéria da artéria cerebral média usando a técnica do filamento
(MANABAT et al., 2003), ou a combinacao da ligacdo permanente da artéria cerebral
média e a oclusdo transitéria da artéria carotida (RENOLLEAU et al., 1998). Os
pontos fracos desses estudos € que ndo tem como mensurar a quantidade de

reperfusdo sanguinea apds os modelos cirirgicos.

Por outro lado, a hipdéxia-isquemia pode ser alcancada através de diferentes
técnicas, como a andxia perinatal e a ligacao cirdrgica unilateral da artéria carétida
por algumas horas em ratos com sete dias de vida (RICE et al., 1981; JOHNSTON et
al., 2005). O método de ligacdo da artéria cardtida foi abordado em numerosos
estudos para elucidar a patogénese das lesfes hipoxico isquémicas. A preexposicao
a lipopolissacarideos (LPS) em modelos de hipoxia isquémica tem obtido uma
potencializacdo da injuria, aumentando a inflamacéao na fase inicial induzindo a um
estado cronico e secundario de inflamagdo ao cérebro em desenvolvimento,
conferindo um acréscimo da vulnerabilidade (EKLIND et al., 2005). Contudo, os

efeitos causados pela inflamacao através do LPS n&o apresentaram déficits severos
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no desenvolvimento motor ou alteracbes musculares tipicas da PC, como padrao
anormal da marcha, e espasticidade crénica (MARBINI et al.,, 2002; STIGGER;
FELIZZOLA; et al., 2011). Outro modelo de inducao a paralisia cerebral estudado,
consiste na infeccdo materna por diferentes tipos de virus ou bactérias causando
lesbes de hipomielinizacao difusas no cérebro sendo responsaveis por efeitos como
aumento do estresse oxidativo, lesbes na substancia branca e mudancas
hipocampais (BOKSA, 2010; ROUSSET et al., 2013).

O modelo de inducdo a PC utilizado pelo nosso grupo de pesquisa apresenta
facilidade de reproducéo, baixo custo e pequena mortalidade. Criado por (STRATA
et al., 2004), consiste na inducdo da paralisia cerebral através de duas técnicas. A
submissdo a andxia perinatal, levando o animal a experimentar dois episédios de
anoxia nos dois primeiros dias de vida. Associado a restricdo sensério motora, que
consiste na imobilizacdo dos membros posteriores em extensdo induzindo um
comportamento do tipo espastico, hipertdbnico e com déficits motores, para observar
os efeitos no desenvolvimento do comportamento motor e organizagdo do cortex
motor primario (STRATA et al., 2004). Resultados encontrados em estudos recentes
sobre esse modelo mostram reducdo na area transversal das fibras musculares,
degeneracgéo articular na regido afetada pela restricdo e mudancas nas fibras do
cortex, com reducdo de neurdnios e desorganizacdo topogréafica na representacao
cortical (MARCUZZO et al, 2008; STIGGER; FELIZZOLA; et al, 2011). A
combinacdo das duas técnicas, AnOxia perinatal e restricdo sensoOrio motora
(AP+SR), debilitaram significativamente o aparecimento dos reflexos, como a
estabilidade em uma superficie inclinada, e o reflexo de colocacdo das patas
posteriores, além de causar prejuizo na aquisicdo de habilidades motoras
(MARCUZZO et al., 2010). Essa associacdo AP+SR prejudica o desenvolvimento
motor em geral (STRATA et al., 2004; MARCUZZO et al., 2010). Dessa forma, a
utilizacdo do rato como objeto do estudo experimental, obedecendo aos critérios
éticos, permite a observacdo e acompanhamento do desenvolvimento do animal,

auxiliando a elucidar as modifica¢cdes nas estruturas neurais e motoras.

2.2 Desenvolvimento do sistema nervoso (SN) e plasticidade.
O desenvolvimento é um processo que se inicia na concepcao e se estende
ao longo da vida. Durante esse periodo ha alteragcdes comportamentais e fisiolégicas

que podem ser induzidas por influéncias ambientais e por fatores genéticos (RICE;
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BARONE, 2000). No que concerne ao desenvolvimento do SN, alguns processos do
desenvolvimento sdo finalizados na gestacdo, enquanto outros continuam durante
anos apos o nascimento (RICE; BARONE, 2000)

Em geral, a histogénese do sistema nervoso central em todos os mamiferos
pode ser dividida em trés fases principais: Organogénese; Neurogénese e
gliogénese; (MORGANE et al., 1993). A maturacao cerebral engloba varios estagios
sobrepostos temporalmente seguindo uma sequéncia que varia entre as espécies
animais (MORGANE et al., 2002). A concepcdo de que ha periodos do
desenvolvimento durante os quais o organismo é particularmente vulneravel a
mudancas, representam algo chamado de janela de desenvolvimento, e esté
baseado na consequéncia do impacto de algum agravo precoce ao cérebro
(MORGANE et al., 2002).

Essa capacidade do sistema nervoso de modificar a sua organizagdo e
funcdo através de experiéncias individuais é chamada de plasticidade (KOLB et al.,
2003). Ela é segundo essa definicdo, susceptivel a variacbes resultadas por
diferentes situacdes, como doencas, administracdo de drogas, fatores genéticos e
ambientais (MORGANE et al., 1993). O crescimento axonal, a morfologia dendritica,
a morte celular, e a neurogénese pertencem aos mecanismos de plasticidade do
tamanho da célula, que resulta em variacbes de densidade, distribuicdo de
neurotransmissores e receptores, espessura cortical e tamanho do cérebro. Algumas
partes do cérebro possuem maior potencial para plasticidade, por exemplo, o cértex
cerebral (KOLB et al., 2003). As células do cortex formam seis camadas distintas, e
qgquando as células chegam a seus locais designados, elas se diferenciam em
neurbnios (KOLB; GIBB, 2011). A maturacdo neuronal é adquirida com o
crescimento de axbnios e dendritos e estes processos sdo guiados por sinais
ambientais (KOLB; GIBB, 2011).

O conceito relativo ao impacto do agravo precoce ao cérebro esta baseado na
concepcgao de que ha periodos do desenvolvimento durante os quais 0 organismo é
particularmente vulneravel e que representam uma unica janela de desenvolvimento,
gue nado pode ser revertida ou repetida em um periodo posterior (MORGANE et al.,
1993). Outros estimulos como exposicdo ao alcool, fumo e outras drogas podem

provocar esse tipo de mudanca (HALES; BARKER, 2001). Os diferentes modelos de
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inducdo a PC sao considerados injdrias impostas aos animais justamente nesse
periodo considerado critico e alteracdes foram encontradas no desenvolvimento
neuromotor e nos tecidos neurologicos (MARCUZZO et al., 2010; MARQUES et al.,
2014; SILVA et al., 2016).

Como os tratamentos oferecidos para a paralisia cerebral até o momento nao
conseguem corrigir o problema principal das lesbées cerebrais, outros mecanismos
de acédo para enfrentar a PC s&o sugeridos, visto que alguns problemas
neuroldgicos podem ser tratados alterando-se a plasticidade cerebral (BUDHDEO,;
RAJAPAKSA, 2011). Alguns estudos propdéem a manipulacdo farmacolégica
juntamente com os inibidores seletivos de recaptacédo da serotonina (ISRS) com o
objetivo de modificar a plasticidade cortical, afirmando que esse tratamento pode
ajudar no desenvolvimento do SN criando mecanismos corticais alternativos, e
revertendo assim alguns déficits funcionais (BUDHDEO; RAJAPAKSA, 2011).

2.3 Serotonina e Inibidores Seletivos de Recaptacédo da Serotonina

A serotonina (5-HT) € um conhecido composto quimico sintetizado a partir de
um precursor, o triptofano, um aminoacido essencial, que é formado por um
subconjunto de neurdnios referidos como neurdnios serotonérgicos que estao
presentes no sistema nervoso central, bem como em células enterocromafins no
trato gastrointestinal (LEE, 2009; LI et al., 2014). Os neurbnios que produzem 5-HT
estdo localizados em uma zona restrita do tronco cerebral e existem trés populacées
reconhecidas (B1, B2, B3), que enviam o0s seus ax0nios para diferentes partes da
matéria cinzenta da medula espinha (SLAWINSKA et al., 2014). A maioria da é
encontrada nos nucleos da rafe, a partir de trés regides principais, o globo palido, e
a rafe obscuris onde estdo localizados os axb6nios dos neurbnios B1 e B2 com
terminagcdes no corno anterior, e a rafe Magnus que enviam ax6nios tanto para o
corno dorsal quanto para o ventral (SLAWINSKA et al., 2014). Também é
encontrada na linha média do rombencéfalo, e um numero menor na formagéo
reticular (GASPAR et al.,, 2003). O numero total de neurbnios serotoninérgicos é
pequeno — por volta de 20.000 neurbnios no rato (LIDOV; MOLLIVER, 1982;
JACOBS; AZMITIA, 1992). Porém, os neurbnios serotoninérgicos fornecem
inervacao relativamente mais densa para todas as areas do cérebro e da medula
espinhal, por uma extensa e difusa colaterizagdo dos seus axdnios (GASPAR et al.,
2003).
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Nos animais, a 5-HT participa na maior parte das funcdes biologicas,
especialmente aquelas associadas com o circuito limbico e tronco cerebral
(movimentos, respiracdo, reproducdo e regulacdo da temperatura corporal)
(AZMITIA, 2006). Desta forma, tem papel critico no desenvolvimento do feto e do
recém-nascido, influenciando a neurogénese, migracdo neuronal, e sinaptogénese
no cérebro (LAUDER; KREBES, 1978; MAZER et al., 1997). Entretanto, a funcao
primaria dos neurdnios serotonérgicos no tronco encefalico € facilitar a saida dos
impulsos motores durante os periodos de atividade motora tbnica, como a
manutencdo postural, ou o controle de comportamento motores repetitivos que séao
mediadas pelo gerador de padrdo central (CPG) da medula espinal, como a
velocidade de locomocdo (GHOSH; PEARSE, 2014). O CPG é um componente
anatdmico de locomogdo composto de neurdnios distribuidos dentro de uma rede
neural na medula espinal toracolombar que aciona a saida de motoneurénios para

gerar padrdes ritmicos simples, como a locomoc¢ao (GHOSH; PEARSE, 2014).

A 5-HT tem sido reconhecida como um neuromodulador potente da atividade
do CPG, e estudos como o de (SCHMIDT; JORDAN, 2000; PFLIEGER et al., 2002)
fornecem evidéncias que o sistema serotonérgico descendente modula reflexos
medulares e funcdes motoras, além da coordenacdo dos membros posteriores
através da ativacdo de receptores 5-HT especificos, aumentando a excitabilidade
nos motoneurdnios e interneurdnios, além da geracdo de saida locomotora mediada
pelo CPG. Os receptores de 5-HT tém sido classificados em sete subfamilias
conhecidas, de 5-HT1 a 5-HT7, que se diferenciam por modificacbes p6s-gendmicas,
tais como splicing ou edicdo de RNAm, resultando na identificacdo de pelo menos
30 subtipos de receptores 5-HT diferentes (RAYMOND et al., 2001).

O uso de 5-HT ou agonistas especificos do receptor 5-HT para estimular o
CPG e induzir a locomocgao ainda nao estad claro, pois ndo se sabe se essa
abordagem poderia ser utilizada para a recuperacéo funcional prolongada, a luz de
dessensibilizacdo ou perda de respostas do receptor por estimulos ao longo do
tempo (GHOSH; PEARSE, 2014). A injuria do sistema serotonérgico tanto por
manipulagdes genéticas ou farmacoldgicas no periodo neonatal em roedores resulta
em atraso no desenvolvimento de camadas corticais, rompimento de padrdes

aferentes talamocorticais, e uma diminuicdo ou desorganizagdo dos campos barril
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no cortex somatossensorial (BLUE et al., 1991; BENNETT-CLARKE et al., 1994;
PERSICO et al., 2001).

O desenvolvimento precoce no centro do tronco cerebral, a sua resposta a
uma infinidade de estimulos e sua extensa ligacdo a todas as areas do cérebro
fornece a estrutura para 5-HT contribuir para o funcionamento holistico do cérebro
(AZMITIA, 2006). A capacidade de modificar o sistema nervoso por um processo
chamado neuroplasticidade torna a 5-HT adequada para servir como um regulador
da homeostase no cérebro (AZMITIA, 2006). Dentre as alteracdes que acontecem
nos animais, estdo incluidas modificacbes nas propriedades morfolégicas dos
neurdnios do cértex somatossensorial (LIAO; LEE, 2011; LEE; LEE, 2012) e atraso
na ontogénese dos reflexos em animais submetidos a um tratamento neonatal com
Inibidores Seletivos de Recaptacdo da Serotonina (ISRS) (LOPES DE SOUZA et al.,
2004; DEIRO et al., 2008).

Foi observado que a administracdo de ISRS durante o periodo critico de
desenvolvimento em ratos pode alterar o circuito cerebral com manifestacdo na
idade adulta (BORUE et al., 2007). Os ISRS pertencem a uma classe de
medicamento que sdo utilizados para o tratamento de patologias relacionadas a
fisiologia do neurotransmissor 5-HT (SPINKS; SPINKS, 2002), e recentemente vem
sendo utilizado como primeira escolha farmacologica para o tratamento de
transtornos depressivos (GLAZOVA et al.,, 2014). Todos ISRS tem o0 mesmo
mecanismo de acdo, e se diferenciam apenas na estrutura quimica (GLAZOVA et
al., 2014). Esses farmacos aumentam a concentracdo de 5-HT na fenda sinaptica
através do bloqueio dos transportadores de 5-HT (SERT), que séo responsaveis por
mediar a recapatacdo da 5-HT (SPINKS; SPINKS, 2002; GLAZOVA et al., 2014). A
utilizacdo de ISRS durante a gestacéo ou infancia pode agir sobre os neurdnios que
expressam os SERT e modificar suas propriedades no adulto atraveés de alteracdes
da sua transcricdo especifica ou de mudancas em sua expressdo génica
(NARBOUX-NEME et al., 2008). As mudancas causadas pela manipulacio
farmacoldgica através do uso de ISRS podem ser acompanhadas pela avaliacédo do

desenvolvimento neurologico e motor representado por diferentes testes e analises.
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2.4 Reflexos e Desenvolvimento Motor Normal

O sistema nervoso, juntamente com o sistema musculoesquelético, é
responsavel pela constante interagcdo entre o ser vivo e 0 meio ambiente através de
receptores sensiveis aos diferentes estimulos do meio externo e do meio interno
(BERG, 1994). Ao se avaliar a integridade do sistema nervoso, € necessario verificar
eventual comprometimento da sensibilidade, da motricidade ou das funcbes que
refletem integracdo das informacdes derivadas de estimulos do meio ambiente,
como por exemplo, o desenvolvimento de reflexos. O reflexo € uma resposta motora
estereotipada do sistema nervoso central mediante os estimulos internos ou
externos (ZEHR; STEIN, 1999), que pode ser inconsciente em resposta a situacées
de medo e estresse, agindo como um mecanismo protetor ou de sobrevivéncia
(SWERDLOW; GEYER, 1998). O reflexo, resultante da funcdo nervosa, € um
comportamento provocado por estimulacdo preestabelecida e precisa, e que surge
em periodos determinados durante o desenvolvimento ontogenético (FOX, 1965;
SMART; DOBBING, 1971).

Os diversos reflexos sobrepdem-se uns aos outros, o que caracteriza a
ocorréncia simultanea de varios eventos do desenvolvimento do SNC, obedecendo a
uma sequéncia predeterminada de acordo com a idade dos animais (FOX, 1965;
SMART; DOBBING, 1971). Isto vale especialmente para aqueles que envolvem o0s
movimentos da cabeca e influenciam a posi¢do das patas, como a recuperacédo do
decubito e geotaxia negativa. Assim, alguns reflexos expressam atividades
labirinticas e parecem estar relacionados com a sobrevivéncia do animal, como por
exemplo, a alimentacdo e a conservagao da temperatura (FOX, 1965). Algumas
respostas reflexas, apos serem confirmadas, persistem durante o periodo de rapido
crescimento do encéfalo, ou sdo modificadas, adquirindo padrdes comportamentais
do adulto (ADLARD; DOBBING, 1971). Ao avancar da idade, cada reflexo se faz
presente e sobrepde-se ao anterior pré-existente, sendo uma excecao os reflexos
primitivos como o0 de preensdo palmar, que por serem primitivos desaparecem
(ADLARD; DOBBING, 1971). Pode-se inferir, desta maneira, a existéncia de uma
estreita correlacdo entre desenvolvimento estrutural e bioquimico do sistema
nervoso e a ontogénese de reflexos (ADLARD; DOBBING, 1971)

A avaliacdo neurocomportamental do crescimento do rato pode ser investigada

através de uma série de testes de reflexos sensoérios-motores desde o nascimento
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até a lactacdo, sendo a segunda semana poOs natal um periodo crucial para a
maturacdo neurocomportamental no rato (FOX, 1965). Desta forma, os reflexos séao
indicadores sensiveis da adaptacdo do neonato a vida extra-uterina durante seu
desenvolvimento, e a maturacdo dos varios reflexos revela a maturacao relacionada
a diferentes regides do SNC (KUPERMAN, 2013).

Assim como os reflexos, o desenvolvimento do sistema motor e,
consequentemente o inicio da atividade locomotora segue uma sequéncia temporal
bem delimitada nos animais (MUIR, 2000). Durante o periodo neonatal, pode-se
observar a trajetéria desse desenvolvimento desde os primeiros movimentos até o

estabelecimento de um padrdo de locomocdo tipico de animais adultos.

O rastejar € o primeiro padrdo de locomocao apresentado pelos filhotes e pode
ser observado até a metade da segunda semana pés natal (WESTERGA,;
GRAMSBERGEN, 1993). Apds os 11 dias ja é possivel a locomog¢édo com as quatro
patas sustentando o peso do corpo (JAMON; CLARAC, 1998). Nessa fase ha o
inicio da transicao entre o rastejar e o caminhar, na qual o ventre do animal perde o
contato com o solo (WESTERGA; GRAMSBERGEN, 1993). Uma rapida maturacao
dos membros posteriores nessa fase eleva substancialmente a capacidade
exploratéria do animal (BA e SERI, 1995).

Aos 14 dias acontecem os primeiros movimentos verticais (JAMON; CLARAC,
1998). Aos 15 dias, a ativacao da musculatura dos membros posteriores € ativada,
coincidindo com o ciclo da marcha. E a partir desses acontecimentos que se passa a
considerar o ciclo de marcha adulta do animal (WESTERGA; GRAMSBERGEN,
1993).

Embora ja nas duas primeiras semanas o rato jA apresente um padrdo de
marcha do animal adulto, ajustes ainda acontecem ao longo do tempo. Até os 21
dias, a coordenacdo e a ativacdo da musculatura é melhorada (WESTERGA,;
GRAMSBERGEN, 1993; JAMON; CLARAC, 1998), permitindo a execucdo com

desenvoltura de movimentos mais complexos (BA e SERI, 1995).

Durante o periodo de lactacdo, que corresponde as trés primeiras semanas
de vida acontece uma maturacéo e desenvolvimento importantes da locomocé&o do
rato (WESTERGA; GRAMSBERGEN, 1993). Esse periodo é considerado uma janela
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de desenvolvimento na qual hd mudancas referentes a plasticidade do SN
acontecendo, e por ser um periodo critico qualquer interferéncia pode influenciar a
sequéncia temporal de como os filhotes se desenvolvem (DEIRO et al., 2004;
BARROS et al., 2006). A injaria da aplicagcdo do modelo de PC e a manipulacao
farmacoldgica pela aplicacdo de ISRS, sdo considerados fatores catalisadores de
modificacdes no desenvolvimento da locomocao (MARCUZZO et al., 2008; LEE;
LEE, 2012; MARQUES et al., 2014), e por isso € um assunto levando em
consideracao para estudos envolvendo esses fatores.
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3 JUSTIFICATIVA

A plasticidade fenotipica retrata a habilidade de um organismo alterar sua
fisiologia e/ou morfologia em decorréncia de sua interacdo com o ambiente. Estudos
com inibidores seletivos de recaptacdo da serotonina observaram que o possivel
aumento nos niveis deste neurotransmissor na fase perinatal do desenvolvimento
esta associado com alteracBes na maturacéo de reflexos em roedores (DEIRO et
al., 2008) e consequente modificacdo do padrédo adulto da atividade locomotora
(RIBAS et al., 2008). Mais recentemente, observamos que a inibicdo farmacolégica
neonatal da recaptacdo da serotonina protege as células neurais do stress oxidativo
durante o desenvolvimento do cérebro (NOVIO et al., 2011; MORETTI et al., 2012;
SILVA et al., 2014). Esta interessante evidéncia sugere um papel protetor da

atividade serotoninérgica sobre o desenvolvimento neural.

Nesse contexto, a gestdo da paralisia cerebral é principalmente de apoio,
nenhum dos tratamentos atuais oferecidos tentam corrigir o problema principal de
uma lesdo cerebral. Problemas neurologicos podem ser tratados alterando-se a
plasticidade cerebral (BUDHDEO; RAJAPAKSA, 2011). Evidéncias sugerem que
este € o mecanismo de acdo dos inibidores seletivos da recaptacdo da serotonina
(ISRS), inclusive no tratamento da depressdo. Achados encorajadores de melhorias
motoras em pacientes com AVC tratados com ISRS sugerem gue a reorganizacao
cortical que acontece durante o tratamento tem muito em comum com a
aprendizagem motora, além da possibilidade de melhorias semelhantes na paralisia
cerebral (BUDHDEO; RAJAPAKSA, 2011; CHOLLET et al., 2011). Mediante a essas
observacdes pretende-se nesse estudo experimental avaliar o papel dos ISRS na
maturacdo somatica, sensdriomotora, no desenvolvimento motor e na organizagcao
cortical de animais submetidos a paralisia cerebral experimental. Diante das
evidéncias anteriormente referidas, a realizacdo do trabalho foi justificada com o
objetivo de encontrar respostas sobre o papel dos ISRS quando aplicadas
precocemente no desenvolvimento neuromotor de animais induzidos a paralisia

cerebral experimental.
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4 HIPOTESE

Os ratos com paralisia cerebral experimental submetidos a administracdo de
fluoxetina terdo um aparecimento precoce dos reflexos, melhores resultados nos
testes que representam os marcos do desenvolvimento motor e um maior nimero de
células neurais em relacdo aos ratos com paralisia cerebral que néo fizeram uso da

droga.
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5 OBJETIVOS

5.1 Objetivo Geral:
Investigar em um modelo experimental de paralisia cerebral em ratos as
repercussdes da inibicdo farmacolégica da recaptacdo da serotonina sobre a

ontegénese dos reflexos e o desenvolvimento motor.

5.2 Objetivos Especificos:
Avaliar, em modelo experimental de PC sobre ratos submetidos ou ndo um

tratamento neonatal com ISRS:

a) O desenvolvimento murinométrico;

b) A maturacdo das caracteristicas fisicas;

c) Ontogénese dos reflexos

d) O desenvolvimento da atividade locomotora,;
e) A coordenag&o motora;

f) Andlise histolégica do cortex somatossensorial.
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6 MATERIAL E METODOS

O projeto foi de carater experimental com animais, realizado no laboratério de
Fisiologia da Nutricdo (LAFINNT) do Centro de Ciéncias da Saude da Universidade
Federal de Pernambuco e no laboratério de Nutricdo, Atividade Fisica e Plasticidade
Fenotipica do Centro Académico de Vitoria (CAV-UFPE).

O projeto foi aprovado pela Comisséo de Etica no Uso de Animais (CEUA) do Centro
de Ciéncias Bioldgicas da Universidade Federal de Pernambuco (CEUA/CCB-
UFPE), processo n°0005/2015 (Anexo A). O manejo e os cuidados com 0s animais
seguiram as normas recomendadas pelo Conselho Nacional de Controle de
Experimentacdo Animal (CONCEA), e as normas internacionais do National

Research Council of the National Academies (EUA).

6.1 Animais:

Foram utilizados 64 ratos machos da raca Rattus Novergicus Albinus, da
linhagem Wistar, provenientes de 20 ratas da colénia do Biotério de criagdo do
Departamento de Nutricdo. Os animais foram mantidos no Biotério de
experimentacdo do Departamento de Nutricho da UFPE com temperatura de 22+
2°C, ciclo claro-escuro invertido de 12/12 horas, alojados em gaiolas de polipropileno

com dimensdes 46x31x21cm (CxLxA), com livre acesso a 4gua e alimentacao.

Apoés a confirmacéo da gestacao, através da técnica de esfregaco vaginal, as
fémeas foram alojadas em gaiolas individuais. Logo ap6s o nascimento (P0O) os
filhotes foram ajustados para oito filhotes por ninhada, e permaneceram com as
maes durante o periodo de lactacdo. A composicdo das ninhadas foram feitas
seguindo os critérios de Bento-Santos et al., 2012. Os filhotes fémeas foram
utilizados para completar as ninhadas em casos de proles contendo menos de oito
filhotes machos. Apenas os filhotes machos foram submetidos aos experimentos e

obtencéo de resultados.

6.2 Formacdao dos grupos experimentais:
Os filhotes foram distribuidos em quatro grupos, baseados na manipulagéao

farmacoldgica e na inducéo a paralisia cerebral: grupo Salina Controle (C+S), n=13),
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grupo Fluoxetina Controle (C+F, n=18), Salina/Anoxia Perinatal e Restricdo
Sensorio-Motora (PC+S, n=17) e Fluoxetina/Anoxia Perinatal e Restricdo Sensorio-
Motora (PC+F, n=16). As ninhadas foram subdivididas de forma que quatro animais
pertenciam ao grupo submetido a paralisia cerebral experimental, totalizando oito
animais por ninhada. Os animais foram mantidos com suas respectivas maes até os
21 dias de vida pos natal (P22), quando foi feito o desmame e separados em gaiolas
individuais (3-4 animais por gaiola). A aplicacdo da droga foi mantida até o 21° dia
de vida pdés-natal, a restricdo sensério motora mantida até o 28° dia e no 29° era

realizada a retirada de tecidos histolégicos dos animais ap0s sua morte.

6.3 Manipulacédo farmacolégica (Fluoxetina)

Um Inibidor Seletivo de Recaptacdo da Serotonina (ISRS), a Fluoxetina, foi
utilizado durante o périodo de lactacdo (2° ao 21° dia de vida), com o objetivo de
manipular o sistema serotoninérgico. O farmaco foi obtido na forma de cloridrato de
fluoxetina (Bristol-USA®) e dissolvido em solucdo salina (NaCl 0,9%) para uma
concentracdo de 10ul/g (SILVA et al., 2010). Foi utilizada uma concentracdo da
droga de 10 mg/Kg de peso corporal (p.c.) do animal. No grupo controle foi utilizada

uma concentracao de 10ml/kg p.c. de solucdo de Cloreto de Sédio (NaCl) a 0,9%.

O tratamento foi administrado pela via Subcuténea (sc) na regido dorsal da
pele do animal consciente, diariamente, uma hora ap6s o inicio do ciclo escuro (as
9h), horario que coincide com o pico de liberacdo de 5-HT no hipotalamo e
potencializa a acdo do farmaco, pois uma determinanda dose de uma droga pode
produzir diferentes efeitos quando aplicadas em diferentes horarios ao longo do dia
(MATEOS et al., 2009).

6.4 AnOxia e Restricdo sensério-motora:

O modelo experimental de paralisia cerebral sera baseado nos experimentos
de (STRATA et al., 2004; COQ et al., 2008; MARCUZZO et al., 2008, 2010). Este
modelo associa a anoOxia perinatal a um modelo de restricdo sensério-motora dos
membros posteriores semelhante a falta de movimento ativa/espontanea ocorrida na
PC. Os filhotes foram submetidos a dois episédios de anoOxia pés-natal, no dia do
nascimento (PO) e no primeiro dia de vida (P1). Os filhotes foram colocados dentro
de uma camara de vidro parcialmente imersa em agua a 37 graus e expostos a

nitrogénio (100%) a 9L/min por 12 minutos cada dia de exposi¢ao. (Figura 1) Apos o
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periodo de anoxia, 0os animais foram postos em temperatura e ar ambiente, e apos
recuperacdo de sua coloracdo rosada e respiracdo normal, foram recolocados em

suas respectivas gaiolas com suas maes.

Al

Figura 1: Materiais utilizados no procedimento de andxia perinatal. A. Cilindro de Nitrogénio;

B. Camara de andxia; C. Banho-maria.

A restricdo sensdrio-motora foi realizada do segundo dia de vida p6s-natal ao
vigésimo-oitavo (P2 ao P28), durante 16 horas por dia (das 17h as 09h do dia
seguinte), estando o animal livre para movimentacao nas 8 horas restantes (das 09h
as 17h). Para a restricdo, foi utilizado uma ortese moldada com massa de epoxi,
presa ao quadril do animal, estando 0 mesmo com as patas posteriores estendidas.
Para fixar o quadril e membros posteriores do animal a értese de epodxi, foram
utilizadas fitas micropore e esparadrapo, de modo a causar o minimo de ferimentos
possivel e ndo prejudicar a eliminagdo de urina e fezes do animal bem como os
cuidados maternos (STRATA et al., 2004). (Figura 2)

Figura 2: Restricdo sensdrio-motora. A: Modelo de ep6xi utilizado nas 16 horas de restricéo

por dia; B: Filhote com a értese presa ao quadril mantendo suas patas posteriores estendidas
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e assegurando a eliminacédo de urina e fezes; C: Cuidados maternos nao prejudicados para

ambos 0s subgrupos.

Durante a retirada da o6rtese e fitas adesivas, alguns cuidados foram tomados,
a fim de provocar o minimo dano possivel aos animais: 1) Uso de tesoura pequena e
cotonete embebido em 6leo mineral inodoro para facilitar a retirada do esparadrapo
e fita micropore fixados a ortese, 2) ApoOs retirada da Ortese e fitas adesivas, um
cotonete embebido em antisséptico foi utilizado nos locais onde apresentavam
pequenas feridas, com propésito de facilitar cicatrizacdo e reduzir o risco de
infecgbes, 3) Nos animais mais velhos, ndo raramente era necessario realizar
limpeza de fezes nas patas posteriores com auxilio de um algodao encharcado com

agua antes do uso do antisséptico.

6.5 Procedimentos

a) Avaliagcfes murinométricas

Cada animal foi avaliado nos dias 1, 3, 6, 9, 12, 15, 18 e 21 p6s natal as
14:00h, com auxilio de um paquimetro digital (JOMARCA®) quanto as seguintes
medidas (SILVA, DA et al., 2005)

Comprimento da cauda (CC): O animal foi contido gentilmente com uma das
maos do pesquisador. Logo apds, a cauda foi estirada horizontalmente na borda
de uma mesa lisa e plana. Com uma caneta, foram feitas marcas na mesa,
coincidentes com a extremidade e a base da cauda. Mediu-se entéo, a distancia

entre os pontos obtidos em milimetros (mm).

Eixo latero-lateral do cranio (ELLC): Considerou-se como referéncia a linha
imaginéria perpendicular ao eixo longitudinal do cranio, dividindo os pavilh6es
auriculares ao meio. O animal foi contido com uma das méaos, tendo a cabeca

dele entre os dedos indicadores e polegar, medindo a distancia em mm.

Eixo antero-posterior do cranio (EAPC): A referéncia considerada para a
medida do eixo antero-posterior do cranio foi a linha média que vai da
extremidade do focinho até o ponto de interseccdo com outra linha perpendicular
imaginaria. Essa ultima passa tangencialmente as extremidades posteriores dos
pavilhdes auriculares. O animal foi contido com uma das mé&os, mantendo a

cabeca deste entre os dedos indicadores e polegar, medindo a distancia em mm.
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Eixo longitudinal (EL): O animal teve as regides do dorso-anterior, dorso-

posterior do corpo comprimidas e a cauda do animal de encontro a uma

superficie plana (mesa). Em seguida, com uma caneta, foram feitas marcas na

mesa, coincidentes com o focinho e a base da cauda do animal. Mediu-se entao

a distancia em mm entre os pontos obtidos.

b) Peso e estudo da maturacdo das caracteristicas fisicas

O peso de cada filhote foi registrado diariamente um dia apdés o
nascimento até os 21 dias, no momento da aplicacdo dos tratamentos, e
posteriormente, a cada semana. O peso corporal dos animais foi registrado
em uma balanca Marte, modelos S-100, capacidade de 1 kg e sensibilidade
de 0,01 g. Quanto a maturacdo dos caracteres fisicos, elas foram analisados
diariamente as 14:00h e para cada animal, foi anotado o tempo em dias
desde o nascimento até a maturacdo da caracteristica fisica avaliada
(SMART; DOBBING, 1971).

Abertura do pavilhdo auditivo (APA): Os dois pavilhdes, primitivamente
dobrados ao nascimento sobre o orificio auricular, desfaziam a dobra, ficando
livre e palpavel pelo pesquisador.

Abertura do conduto auditivo (ACA): Os dois orificios auriculares,
primitivamente obliterados, abriam-se, tornando-se visivel.

Erupcédo dos incisivos inferiores (Ell): A erupcéo dos incisivos inferiores foi
observada quando ocorreu o rompimento da gengiva com exposi¢ao incisal.
Erupcéo dos incisivos superiores (EIS): A erupgao dos incisivos superiores
foi observada quando ocorreu uma exposicado incisal juntamente com o
rompimento da gengiva.

Abertura dos olhos (AO): Ambos os olhos estavam abertos e com a
presenca de movimento palpebral.

Andlise da ontogénese dos reflexos

Foi analisado diariamente em cada animal dos diferentes grupos, a
partir do 1° ao 21° dia pos-natal, as 14h, o desenvolvimento dos seguintes
reflexos: método modificado de (FOX, 1965; SMART; DOBBING, 1971). Para
cada reflexo, o dia da consolidacdo foi considerado o primeiro dia da
sequéncia de trés dias consecutivos de aparecimento completo da resposta

reflexa esperada.
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Preensdo palmar: Foi realizada uma leve percussdo na palma da pata dianteira
esquerda de cada animal, utilizando um bastonete de metal, com aproximadamente
5 cm de comprimento e 1mm de diametro. A resposta foi considerada positiva, caso
houvesse uma flexao rdpida dos dedos apds duas tentativas. Nessa avaliacdo, em

especial, foi observado o desaparecimento do reflexo.

Recuperacdo de decubito: O animal foi colocado em decubito dorsal sobre uma
superficie plana. Foi considerada resposta positiva quando o ele girou o corpo e
assumiu o decubito ventral apoiado nas quatro patas, num periodo maximo de 10

segundos.

Colocacéo pelas vibrissas: O rato foi suspenso pela cauda de uma forma que suas
vibrissas tocassem a borda de uma mesa. A resposta foi considerada positiva
guando o animal colocou as patas anteriores sobre a mesa tentando caminhar, no
tempo maximo de 10 segundos.

Aversdo ao precipicio: O animal foi colocado com as patas dianteiras sobre a
borda de uma superficie plana e alta (mesa) de maneira a detectar o precipicio. A
resposta foi considerada positiva quando o animal, no tempo maximo de 10s,
deslocou 45° do precipicio, caracterizando a aversao.

Resposta ao susto: O rato foi submetido a um estampido agudo, produzido pela
percussao de um bastdo metélico sobre um recipiente (4,5 cm de didametro x 6 cm
de altura) também metalico e oco, a uma distancia aproximada de 10 cm do animal.
A resposta foi considerada positiva, quando ocorreu uma simultinea e rapida
retracdo com a imobilizacao involuntaria do corpo do animal, caracteristica de susto.
Geotaxia negativa: O animal foi colocado no centro de uma rampa de 45° de
inclinacdo revestida com papel crepom, com a cabeca no sentido descendente. A
resposta reflexa foi considerada positiva quando o animal, num periodo maximo de
10segundos, voltar completamente, girando o corpo em aproximadamente 140°,
posicionando a cabeca em sentido ascendente.

Queda livre: O rato foi segurado pelas quatro patas com o dorso voltado para baixo,
a uma altura de 30 cm (uma régua de 30 cm, perpendicular ao plano serviu como
guia). O animal foi solto e observado sua queda livre sobre um leito de algodéao (30
x12 cm). A resposta foi considerada positiva quando o animal girou completamente
ocorpo, voltando o ventre para baixo, caindo na superficie apoiado sobre as quatro

patas.
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d) Registro e Analise da atividade locomotora

As filmagens ocorreram numa sala escura anexa ao biotério as 12h por ser no
ciclo escuro do animal, pois € o momento que ele se encontra naturalmente em
estado de vigilia. A avaliacdo dos filhotes machos aconteceu no 8°, 14°, 17° e 21°
dia de vida pos-natal. Estas datas foram escolhidas porque representam marcos no
desenvolvimento da locomoc¢éo (WESTERGA; GRAMSBERGEN, 1993). Foi utilizado
um sistema de monitoramento em campo aberto circular (d1m) ja instalado,
delimitado por paredes de 30 cm de altura, com superficies internas de cor preta e
em sua base uma superficie de EVA (etil vinil acetato) também preta, de forma que
seja obtido um maior contraste entre o animal e o campo. Uma camera digital (VTR®
6638 — CCTV System) com sensor de infravermelho e LED de iluminag&o conectada
a um computador é fixa ao teto e posicionada de forma vertical no centro do campo
a fim de filmar o animal enquanto o mesmo se movimentar. A camera encontra-se a
uma distancia de 2.65m do solo (ARAGAO et al., 2011). Para as filmagens foi
utilizado o software Ulead Video Studio®. A livre movimentagdo do animal foi
registrada (5 minutos) e o filme foi convertido em quadros (454 quadros para cada
filmagem de 5 minutos, com intervalo de tempo de aproximadamente 0,661s entre
os quadros) utilizando o software CapturaSegAVI®. Com o uso do software
MATLAB® versdo 7.0 foram realizadas as andlises das imagens captadas, e
posteriormente a extracdo de algumas grandezas fisicas para serem obtidas

informac@es acerca do comportamento do animal. Os parametros avaliados foram:
Distancia Percorrida (m): Deslocamento (em metros, m) realizados pelo animal.

Velocidade Média de deslocamento (m/s): Relacdo do deslocamento pelo tempo
em que o animal se locomoveu. Férmula: VM = AS/AT, Onde VM = Velocidade
Média (metros por segundo, m/s), AS = deslocamento total (m) e AT = tempo total de

analise — tempo de parada (s);

Poténcia Média (mW): Poténcia que € produzida pelo periodo de deslocamento
do animal. Férmula: PM = mV?%2AT, Onde PM = Poténcia Média (miliwatts, mw), m =
massa do animal (g), V = velocidade média (m/s) e AT = tempo total de analise —

tempo de parada (s);
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Energia Cinética: energia do animal pelo movimento realizado. Formula: E =
(mV?3)/2, onde E = Energia (Joules, J), m = massa do animal (gramas, g) e V=

Velocidade do animal (m/s);

Numero de paradas (n): Numero total de momentos que o animal realiza uma

parada dentro do campo de avaliacéo.

Tempo parado (s): Representa o periodo de tempo que o animal permaneceu

parado no campo de avaliagéo.

Relacdo de tempo total parado/Numero de Paradas (s): Indica o tempo em que o

animal ficou parado em cada parada.

Tempo nas areas 1, 2 e 3 (s): O campo foi subdividido em 3 areas circulares,
sendo a area 1 a central, a &rea 2 a intermediaria e a area 3 a periférica (Figura 3),
cada area com 0 mesmo valor de raio (raio total do campo, R, de 50 cm, dividido em

3 partes, r). Para cada area foi realizado um célculo diferente, sendo:

a)Férmula A1 = 11.r?, onde 1 = letra grega “pi”, com valor de 3,14; r = raio da

circunferéncia, de 16,67cm.

b)Formula A2 = 1 (R12 - r2), onde R1 = Raio do segundo circulo, que equivale a

2r.

c)Férmula A3 = 11 (R? - R12?), onde R = Raio do campo.
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Figura 3: Esquema das areas do campo aberto. R =raio do campo e da (0,5m); R1 =raio do

segundo circulo; r = raio do circulo menor e de cada area. A1 = Area 1; A2 = Area 2; A3 = Area

3.

Apods o registro a Atividade Locomotora os animais foram pesados em uma balanca

eletrdnica digital com capacidade maxima de 1000 g e menor divisao de 0,01g.
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e) Avaliacdo da coordenacéo (Rotarod)

No 29° dia foi realizado o teste do Rotarod, que permite avaliar a coordenacao
motora, o equilibrio e a forca muscular (PAZAITI et al., 2009). Neste teste, 0
animal é colocado no rotarod para ratos (Insight), sobre uma haste texturizada de
60 mm de didmetro e 75 mm de comprimento, em rotacdo, a uma velocidade de
25 rpm com 5 tentativas e intervalos de 2 minutos entre elas (MARQUES et al.,
2014). A duracdo maxima de cada tentativa foi de 3 minutos. O intervalo entre as
guedas foi registrado através da cronometragem do tempo que o animal leva
para cair. Inicialmente os animais foram habituados ao aparato por 2 minutos em

uma rotacdo de 16 rpm e em seguida, foram iniciadas as sessfes de avaliacao.

Figura 4: Animal realizando teste de coordenagdo motora ao 29° dia no Rotarod (Insight®).
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f) Analise histoldégica e morfométrica

Em P29 os animais foram anestesiados (n = 18) com quetamina e xilazina
(50 mg / kg, ip). Em seguida, foi realizada a perfusédo transcardiaca com 150ml de
salina tamponada em tampéao fosfato e depois com 200ml paraformoldeido a 4%.
Apos a perfusao, os cérebros foram removidos e pés-fixados no em paraformaldeido
a 4% overnight e em seguida imerso em sacarose por 24 a 48 horas para depois ser
armazenado em freezer -80 graus para posterior criosecgcdo. SeccOes cerebrais
coronais (20 um) foram obtidos utilizando um criostato (Leica®) e coradas utilizando
o método de Hematoxilina e Eosina. Em seguida, as imagens da area de
representacdo do membro inferior na area S1, identificados através de coordenadas
estereotdxica (-2,28 mm de bregma) (PAXINOS; WATSON, 2006) e foram
capturadas e digitalizadas (em 40x para contagem de células na camada V). Os
campos microscopicos foram obtidos através de microscépio optico OLYMPUS
modelo U-CMAD-2 (objetiva 20 X) acoplado a um programa para captacdo de
imagens. Para contagem das células foi utilizado o software MENSURIN PRO
versao 3.2 (Jean-Francois Madre-Amiens, Franca). Para cada rato, neurbnios e
células gliais foram contados em 20 campos em cada corte (dez no hemisfério
esquerdo e dez na direita). Os neurdnios foram identificados pela seu tamanho
geralmente maior e de contorno nédo esférico (UYLINGS et al., 1999; KONOPASKE
et al., 2007). (Figura 5) As células da glia foram identificados pelo seu aspecto
esférico. O indice glia-neurénio foi calculado como a propor¢ao de células da glia por
neurébnios em cada campo, foi usada a fim de melhor analisar os resultados

(adaptado de Marcuzzo et al., 2010).
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Figura 5: Imagem digitalizada representativa de sec¢fes coradas com Hematoxilina e

Eosina, coradas mostrando a camada V da area de representacdo das patas posteriores no
coOrtex somatossensorial de um animal do grupo Controle Salina. Células neuronais grandes
(seta preta), células neuronais média (seta cinza), células neuronais pequenas (seta branca),
células da glia (seta verde). Escala 40um.

6.6 Medidas de desfecho e definicdo das variaveis:

6.6.1 Variaveis independentes:
De Interesse: Manipulacdo farmacologica (aplicagdo da fluoxetina e solucdo salina)
e paralisia cerebral experimental.

De Controle: Idade e peso das gestantes e sexo dos filhotes.

6.6.2 Variaveis dependentes

Desfecho primario: Ontogénese dos reflexos e desenvolvimento motor
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Desfechos secundarios: Avaliacdes murinométricas; Maturacdo das caracteristicas
fisicas; Avaliacdo de forca e coordenacdo e Andlise histolégica do cortex

somatosensorial.
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7 ANALISE ESTATISTICA

Os dados obtidos foram analisados quanto a distribuicdo normal de
probabilidade e quanto a homogeneidade das variancias. Foi utilizado o software
Graphpad Prism5®. Entre as variaveis quantitativas continuas, foi realizado o teste
de aderéncia de Kolmogorov-Sminorv, quando a distribuicéo foi normal, utilizou-se o
teste paramétrico Anova Two Way para comparacao de médias dos fatores paralisia
cerebral experimental e manipulacdo farmacoldgica, seguida do poés teste de
Bonferroni. Nao evidenciada distribuicdo normal, foi utilizado o teste ndo paramétrico
Kruskal-wallis, com o pos teste de Duncann. Os resultados estdo expressos como
média e erro padrdo da média, sendo o nivel de significancia utilizado de 5%
(p<0,05).



44

8 RESULTADOS

Os resultados deste estudo serdo apresentados em forma de artigo original.

Artigo Original — Neonatal administration of fluoxetine increases somatic damage and
neuromotors of rats submitted to an experimental model of cerebral palsy.

Este artigo (APENDICE A) foi elaborado segundo os objetivos, metodologias e
resultados do presente estudo e serd submetido & Revista Beahavioural Brain
Research (qualis A2 para a area 21 da CAPES, fator de impacto 3.002).
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9 CONSIDERACOES FINAIS

Concluimos que a paralisia cerebral e a inibicdo farmacoldgica neonatal diminuem a
atividade locomotora, prejudica a coordenagao motora, aumenta as células da glia e
diminui os neurdnios do cortex somato sensorial em animais. A exposi¢cdo a drogas
durante a lactacdo em ratos pode ser considerada um modelo para estudo do abuso
de drogas em humanos (XU et al., 2004; THOMPSON et al., 2010). O presente
estudo confirma que o desenvolvimento do sistema neuromusculo-esquelético é
sensivel a paralisia cerebral e a inibicao farmacoldgica neonatal, de forma a atrasar
esse desenvolvimento. Além disso, demonstra que a exposicao a fluoxetina, inibidor
seletivo da recaptacdo da serotonina, agrava 0s danos neuromotores nos animais

submetidos a paralisia cerebral.
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ABSTRACT:

Scenario: Cerebral palsy (CP) is a neurological disorder that changes functions such as
movements and posture, and slows somatic growth. Serotonin (5-HT) acts as an important
neuromodulator in the central and peripheral nervous system, altering the construction and
plasticity of neural circuits and presenting as a factor that may alter some deleterious effects
of CP.

Objectives: To evaluate the use of fluoxetine on somatic maturation and neuromotor

development in rats submitted to or not to the experimental model of cerebral palsy.

Methods: In each litter, 8 animals were divided into four groups: 1- Saline + Control, 2-
Fluoxetine +Control, 3-Perinatal anoxia and Sensory Motor Restriction /Saline, 4-Perinatal
anoxia and Sensory Motor Restriction / Fluoxetine. Perinatal anoxia occurred at PO and P1,
the sensory motor restriction from P2 to P28 and the application of Fluoxetine or saline
(10mg / kg) each occurred from the 2nd to the 21st postnatal day. Somatic growth was
evaluated on alternate days, and the development of locomotor activity was evaluated by
filming the animals in an open field on alternate days that represent milestones of locomotion

development. The evaluation of the coordination was performed by the rotarod test on the
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29th day, in which the animals were also euthanized and the brain tissue was removed for

histological analysis of the somatosensory cortex.

Results: Fluoxetine was associated with lower somatic growth in experimental animals. The
CP + F group obtained smaller results in the distance, Power and speed of the locomotor
activity parameters, lower coordination results, lower number of neurons and greater number

of glial cells in the neural tissue.

Conclusion: Neonatal pharmacological inhibition exacerbates effects on somatic, motor, and

neural plasticity of the somatosensory cortex in experimental animals submitted to cerebral

palsy.

KEY WORDS:Perinatal asphyxia; Restriction Motor sensory; Serotonin; SSRI; Reflex
ontogenesis;Motor development; Locomotion; Somatosensory cortex plasticity.

INTRODUCTION

CP comprises a group of movement and posture disorders that cause
functional limitation and are attributed to non-progressive disorders that occur in the
fetal central nervous system or the developing child (ROSENBAUM et al., 2007). The
CP affects 2 to 3.5 per 1,000 births, being considered the most common cause of
chronic motor dysfunction in childhood (YEARGIN-ALLOPOPP et al., 2008). In
underdeveloped or developing countries, however, the incidence is higher, it is
estimated that in Brazil there are 17,000 new cases per year (ARAUJO, 2012).

This disease may be associated with deficits in somatosensory perception and
/ or changes in the normal development of the somatosensory system (BAX M,
GOLDSTEIN M, 2005). Most patients with CP exhibit increased reflexes,
hypertonicity and characteristic gait in scissors, may also present atrophy and
muscular weakness (Krigiger, 2006). These patients have an inability to control motor
functions due to a reduction in the number of effective motor units, which leads to
abnormal muscular control (KOMAN et al., 2004). This may directly affect exploratory
ability, learning, and independence (JONES et al., 2007). Deficits in motor and
cognitive functions have been associated with changes in numbers and in the
organization of synapses, especially in the cerebral cortex and (BERG et al., 2000).
Changes in movement patterns cause changes in the somatosensory cortex
representation, therefore changes in brain histology in CP models should be carefully
studied (MARCUZZO et al., 2010).
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Phenotypic plasticity depicts the ability of an organism to alter its physiology
and/ or morphology as a result of its interaction with the environment (Stearns et al.,
1991). In studies with selective serotonin reuptake inhibitors (SSRIs), the possible
increase in levels of this neurotransmitter in the perinatal phase of development
delays the maturation of reflexes in rodents (DEIRO et al., 2008), and impairs motor
activities (RIBAS et al., 2008). More recently, however, it has been observed that the
neonatal pharmacological inhibition of serotonin reuptake protects neural cells from
oxidative stress during brain development (NOVIO et al., 2011; MORETTI et al.,
2012). This interesting evidence suggests a protective role of serotonergic activity on

neural development.

The therapeutic management of cerebral palsy is mainly a follow-up of the
sequelae and none of the current treatments offered try to correct the main problem
of a brain injury. However, altered brain plasticity is one of the mechanisms for
treating neurological problems. This is the mechanism of action of SSRIs, including
the treatment of depression (BUDHDEO; RAJAPAKSA, 2011). In the present study,
the use of SSRIs in the treatment of cerebral palsy (Stroke et al., 2011) suggests the
possibility of similar improvements in cerebral palsy (BUDHDEO; RAJAPAKSA,
2011). Neonatal SSRIs treatment may reverse the decrease in 5-HT concentration in
the frontal and parietal cortex seen in an experimental model of cerebral palsy
(KANNAN et al., 2011).

SSRIs in increasing brain levels of serotonin may play a beneficial role when
applied early in the neuromotor development of individuals already affected by
cerebral palsy. Therefore, the present study evaluated the effects of neonatal
pharmacological inhibition of serotonin reuptake on somatic maturation, reflex
ontogenesis, development of locomotor activity, coordination and somatosensory

cortex morphology of animals submitted to experimental cerebral palsy.
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METHODS

The research was experimental with animals, carried out in the Laboratory of
Nutrition Physiology (LAFINNT) of the Health Sciences Center of the Federal
University of Pernambuco and in the Laboratory of Nutrition, Physical Activity and
Phenotypic Plasticity of the Academic Center of Vitéria (CAV-UFPE).

Sixty male Rattus Novergicus Albinus Wistar rats were kept in the vivarium with a
temperature of 22 + 2°C, inverted light-dark cycle of 12/12 hours, with free access to

water and feed.

The pups were divided into four groups, based on pharmacological
manipulation and induction of cerebral palsy: Saline Control (S + C) group, n = 13),
Fluoxetine Control group (F + C, n = 18), Saline / Anoxia Perinatal And Sensory
Motor Restriction (CP + S, n = 17) and Fluoxetine / Perinatal Anoxia and Sensory
Motor Restriction (PC + F, n = 16). The litters were subdivided so that four animals
belonged to the group submitted to experimental cerebral palsy, totalizing eight
animals per litter. The animals were kept with their respective mothers until the 21
days postnatal life (P22), when they were weaned and separated in individual cages
(3-4 animals per cage). The application of the drug was maintained until the 21st day
postnatal life, the motor sensory restraint was maintained until the 28th day and in
the 29th was carried out the removal of histological tissues from the animals after
their death.

Pharmacological manipulation (Fluoxetine)

A Selective Serotonin Reuptake Inhibitor (SSRI), Fluoxetine, was used during
the lactation period (2nd to 21st day of life), with the aim of manipulating the
serotonergic system. The drug was obtained as fluoxetine hydrochloride (Bristol-
USA®) and dissolved in saline solution (NaCl 0.9%) at a concentration of 10 pl / g
(SILVA et al., 2010). A concentration of the drug of 10 mg / kg body weight (p.c.) of
the animal was used. In the control group a concentration of 10 ml / kg p.c. of sodium
chloride (NaCl) solution at 0.9%. Treatment was given subcutaneously (sc) in the
dorsal region of the conscious animal's skin, daily, one hour after the start of the dark

cycle (at 9am).
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Anoxia and Sensory motor Restriction:

The experimental model of cerebral palsy will be based on the experiments of
(Silva et al., 2004, SILQ et al., 2008). This model associates perinatal anoxia with a
model of sensory motor restraint of the hind limbs similar to the lack of active or
spontaneous movement occurred in the CP. The pups were submitted to two

episodes of postnatal anoxia, on the day of birth (PO) and on the first day of life (P1).

The sensorimotor restriction was performed from the second day of postnatal
life to the twenty-eighth (P2 to P28), for 16 hours a day, and the animal was free to

move in the remaining 8 hours.
Murinometric evaluations

Each animal was evaluated on days 1, 3, 6, 9, 12, 15, 18 and 21 post-natal at
14:00, using a digital caliper (JOMARCA®) for the following measurements (SILVA,
DA et al. 2005).

Tail Length (TL): The animal was gently contained with one of the researcher's
hands. Soon after, the tail was drawn horizontally and with a pen, marks were made
on the table, matching the end and the base of the tail. The distance between the

points obtained in millimeters (mm) was then measured.

Lateral-axis of the skull (LAS): The imaginary line perpendicular to the longitudinal
axis of the skull was considered as reference, dividing the auricular pavilions in the
middle. The animal was restrained with one hand, with his head between index

fingers and thumb, measuring the distance in mm.

Anteroposterior axis of the skull (AAS): The reference considered was the midline
from the end of the muzzle to the point of intersection with another imaginary
perpendicular line. The latter passes tangentially to the posterior extremities of the
ear-cups. The animal was contained with one hand, keeping the head between the

index fingers and thumb, measuring the distance in mm.

Longitudinal axis (LA): The animal had the dorsum-anterior, dorsum-posterior
regions of the body compressed and the animal's tail against a flat surface (table).

Then, with a pen, marks were made on the table, matching the muzzle and the base
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of the animal's tail. The distance in mm between the obtained points was then

measured.
Registration and analysis of locomotor activity

The evaluation of the pups took place on the 8th, 14th, 17th and 21st days of
postnatal life. These dates were chosen because they represent milestones in the
development of locomotion (WESTERGA; GRAMSBERGEN, 1993). An already
installed circular open field monitoring system (&1m), delimited by walls 30 cm high,
with black inner surfaces and at its base an EVA (ethyl vinyl acetate) surface also
black, so that Greater contrast between the animal and the field. A digital camera
(VTR® 6638 - CCTV System) with infrared sensor and LED illumination connected to
a computer is fixed to the ceiling and positioned vertically in the center of the field to
film the animal as it moves. The camera is at a distance of 2.65m from the ground.
For the filming, the Pico2000® software was used (ARAGAO et al., 2011). The free
movement of the animal was recorded (5 minutes) and the film was converted into
frames (454 frames for each 5 minute shoot, with a time interval of approximately
0.661s between the frames) using CapturaSegAVI® software. With the use of
MATLAB® software version 7.0 the analyzes of the captured images were carried
out, and later the extraction of some physical quantities to obtain information about

the behavior of the animal. The parameters evaluated were:
Distance Traveled (m): Displacement (in meters, m) performed by the animal.

Velocity Average displacement (m / s): Relation of displacement by the time
the animal moved. (M / s), AS = total displacement (m) and AT = total time of

analysis - stopping time (s);

Average Power (mW): Power that is produced by the period of displacement of
the animal. (M / s), m = mass of the animal (g), V = mean velocity (m / s) and AT =

total time of analysis - time of Stop (Ss);

Kinetic energy: energy of the animal by the movement performed. Formula: E
= (mV?) / 2, where E = Energy (Joules, J), m = mass of the animal (grams, g) and V =

velocity of the animal (m / s);

Number of stops (n): Total number of moments that the animal stops in the

evaluation field.
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Stopped time (sec): Represents the length of time the animal remained

stationary in the evaluation field.

Total stop time / Number of stops (sec): Indicates the time the animal was

stopped at each stop.

Time in areas 1, 2 and 3 (s): The field was subdivided into 3 circular areas,

with area 1 to center, area 2 to intermediate and area 3 to peripheral.

After recording the Locomotive Activity the animals were weighed in a digital
electronic scale with a maximum capacity of 1000 g and smaller division of 0.01g.

Evaluation of coordination (Rotarod)

On the 29th day the RotaRod test was performed. In this test, the animal is
placed in the rat rotarod (Insight), on a textured rod 60 mm in diameter and 75 mm in
length, rotating at a speed of 25 rpm (MARQUES et al., 2014). (5 trials with interval of
2 minutes between them). The maximum duration of each trial was 3 minutes. The
interval between falls was recorded by timing the animal's time to fall. Initially the
animals were habituated to the apparatus for 2 minutes at a rotation of 16 rpm and

then the evaluation sessions were started.
Histological and morphometric analysis

In P29 the animals were anesthetized (n = 18) with ketamine and xylazine (50
mg / kg, ip). Transcardiac perfusion was then performed with 150 ml of buffered
saline in phosphate buffer and then with 200 ml of 4% paraformoldehyde. After
perfusion, the brains were removed and post-fixed in 4% paraformaldehyde overnight
and then dipped in sucrose for 24 to 48 hours and then stored in a freezer -80
degrees for subsequent cryosection. Coronal cerebral sections (20 um) were
obtained using a cryostat (Leica®) and stained using the Hematoxylin and Eosin
method. Then, the images of the lower limb representation area in the S1 area,
identified by stereotactic coordinates (-2.28 mm bregma) (PAXINOS; WATSON,
2006) were captured and scanned (at 40x for cell counts in the Layer V). Microscopic
fields were obtained through an OLYMPUS optical microscope model U-CMAD-2 (20
X objective) coupled to a program for image capture. The MENSURIN PRO version
3.2 software (Jean-Francois Madre-Amiens, France) was used to count the cells. For
each rat, neurons and glial cells were counted in 20 fields in each cut (ten in the left
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hemisphere and ten in the right). Neurons were identified by their generally larger
size and non-spherical contour (UYLINGS et al., 1999; KONOPASKE et al., 2007).
(Figure 3) Glia cells were identified by their spherical appearance. The glia-neuron
index was calculated as the ratio of glia cells by neurons in each field, was used in

order to better analyze the results (adapted from Marcuzzo et al., 2010).

STATISTICAL ANALYSIS

The obtained data were analyzed for the normal distribution of probability and
for the homogeneity of the variances. Graphpad Prism5® software was used. Among
the continuous quantitative variables, the Kolmogorov-Sminorv adhesion test was
performed, when the distribution was normal, the Anova Two Way parametric test
was used to compare means of the experimental cerebral palsy and pharmacological
manipulation, followed by post-test of Bonferroni. The Kruskal-wallis non-parametric
test was used, with Duncann's post-test. The results are expressed as mean and

standard error of the mean, and the significance level used was 5% (p <0.05).
RESULTS
Body weight

The animals that underwent pharmacological manipulation when compared to
those who did not suffer (S+C vs F+C) presented lower weight (p <0.05) from the
19th day. When compared to the S+C group, the animals submitted to the CP
induction model (S+C vs CP+S) presented lower weight from the 16th day and
between the rats that suffered the two interventions (CP+S vs. CP+F), a lower weight

was found in the animals of the CP+F group from the 15th day (Figure 1).
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Figure 1: Body weight evolution of the S+ C (n=13),F+C(n=14),CP+S (n=17)and CP + F
(n =13) groups over the course of days. Data were expressed as mean £ SEM. (a =S+ Cvs F+
C;*=S+CvsCP+S;#=CP+Svs CP +F) p <0.05.

Somatic Development and Maturation of Physical Characteristics

In all the parameters measured, the animals of the groups submitted to CP,
CP+S and CP+F had smaller measurements, and the CP+F group presented the
smallest measurements in all parameters evaluated. In the tail length (TL), the
difference between the growth (p <0.05) of the groups S+C vs F+C and CP+S vs
CP+F appeared for the first time only on the 18th day, while growth of the CP+S
group was lower (p <0.05) than the S+C group from the 9th day. (Figure 2) In the
measurements of the Longitudinal Axis (LA) (Figure 2) and the Lateral Lateral Skull
Axis (LLA) (Figure 4), the CP+S control group had a decrease (p <0.05) To the S+C
group, from the 15th day. Also from the 15th day, there was a decrease (p <0.05) in
the CP+F group compared to the CP+S group. However, in the anterioposterior axis
of the skull (AAS) a decrease (p <0.05) in the growth of the measures of the CP+S
group compared to the S+C group was observed from the 18th day. (Figure 3) In the
analysis of maturation of physical characteristics, no statistical difference was found
(p>0.05)(Table 1).
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Figure 2:
Longitudinal Axis evolution oftheS+C (n=13),F+C(n=14),CP+S(n=17)and CP +F (n =

13) groups over the course of days. Data were expressed as mean £+ SEM. (a=S+Cvs F+C; *
=S+CvsCP+S;#=CP +Svs CP +F) p <0.05.
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Figure 3: Skull Anterioposterior Axis evolution of theS+C (n=13),F+C(n=14),CP+S (n =
17) and CP + F (n = 13) groups over the course of days. Data were expressed as mean + SEM.
(a=S+CvsF+C;*=S+CvsCP+S;#=CP+Svs CP +F)p <0.05.
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Figure 4: Skull Lateral-Lateral Axis evolution ofthe S+ C (n=13),F+C (n =14),CP +S (n =17)

and CP + F (n = 13) groups over the course of days. Data were expressed as mean + SEM. (a =

S+CvsF+C;*=S+CvsCP+S;#=CP+Svs CP +F) p <0.05.
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Groups
S+C F+C CP+S CP+F
Median Min- Median Min-Max Median Min- Median Min-
Max Max Max
Ear 3 2-4 3 2-3 3 2-3 3 2-3
unfolding
Auditory 13 11-16 13 12-15 14 12-16 15 12-17
conduct
oppening
Eye 14 13-16 15 13-17 15 14-16 16 15-17
opening
lower 10 8-11 10 9-12 11 10-12 11 10-12
incisor
eruption
Superior 10 9-11 9,5 7-12 10 9-11 10 9-11
incisor
eruption

Table 1: Physical characteristics maturation day. Data were expressed as mean + SEM. (a =S +
CVsF+C;*=S+CvsCP+S;#=CP +Svs CP +F) p <0.05.

Reflexs Ontogeny

Palmar grip reflexes, as well as recovery reflexes, were the first to mature,

followed by placement by vibrissae and aversion to the cliff, which did not differ

between groups. The other reflexes that appear late, from day 11 had variations

between the groups. The Free Fall and Negative Geotaxia reflexes delayed (p <0.05)

in the comparison of the PC + S group to the C + S group.
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Groups

C+S C+F PC+S PC+F

Median Min- Median Min-Max Median Min- Median Min-

Max Max Max
Palmar 6 3-8 5 3-6 6 3-10 5 3-9
grasp
Righting 4 2-7 3 2-6 4 2-7 4 2-6
Cliff 7 4-8 7 4-9 7 4-10 7 5-10
avoidance
Vibrissa 6 3-8 7 5-9 6 4-8 5 3-9
placing
Free Fall 11 10-14 12 9-15 14 11-15 15 11-16
righting®
Negative 14 11-19 175 14-22 22* 14-22* 22* 20-22*
GeotaxisP
Auditory 13 11-15 13 12-14 13 13-15 14 12-17
startle

Table 2: Reflex ontogeny.Data were expressed as mean + SEM. (a=S+CvsF+C;*=S+Cvs
CP+S;#=CP+Svs CP +F) p <0.05.
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Locomotor Activity Analysis

This analysis was divided by the days of filming (8th, 14th, 17th and 21st
days). The total distance (m), the mean velocity (m / s), and the mean power (mW)
were lower and the standing time (s) was higher (p <0.05) on the 17th day for the C +
F groups And PC + S compared to the C + S group. Meanwhile, on the 21st day, a
similar decrease (p <0.05) was observed in the PC + F group compared to the PC +
S group (Figure 6, A, B, C and D).
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Figure 5: Locomotor Activities parameters. A= Total Distance (m); B= Average Velocity (m/s).
Data were expressed as mean +t SEM. (a=S+CvsF+C;*=S+CvsCP+S;#=CP+Svs CP

+ F) p <0.05.
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Figure 6: Locomotor Activities parameters. C= Average Potency (mW); D= Time stopped (s).
Data were expressed as mean +t SEM. (a=S+CvsF+C;*=S+CvsCP+S;#=CP+Svs CP
+ F) p <0.05.

In relation of cinetic energy average was in the 17° Day, a decrease (p<0,05) of the
average energy of the groups C+F= 2,8.10% and the PC+S =1,56.10° relationed to
the group C+S = 4,92.10° and at the 21° Day was observed a decrease (p<0,05) in
the energy of the group PC+F= 7,25.10° compared to the group CP+S= 3,31. 10%.
As for the time that the animals spent in each of the areas, there were no differences
in this time in areas 1 and 2 between the groups. However, in area 3 the animals of
the group (PC + S) spent less time in this area in relation to the animals of the group
(C + S) at 17 days. (Figure 7) Regarding the parameters number of stops and time
stopped / number of stops there was no difference between groups (p <0.05).
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Coordination

The drop latency was lower (p <0.05) in the comparison of the C + F group with the C
+ S group in all the attempts. It was also lower (p <0.05) in the CP + S group
compared to the C + S group in the first, second and fifth trials. There were no
differences between the CP + S and CP + F groups in the coordination test. (Figure
8)

Morphological and morphometric analysis of the S1 area

The plasticity analysis of the somatosensory cortex was made by the histological
analysis of the S1 area of this region. (Figure 7) The group C+F (N= 237 + 7.46) and
the group CP+S (N = 137 + 4.8) had a decrease (p <0.05) in the number of neurons
compared to the C + S group (N = 268.50 + 16.64). The CP + F group (N = 113.5
6.06) had no differences in the number of neurons (p <0.05) compared to the CP + S
group. In relation to the glial cells, the C + F (855.40 £ 27.18) and CP + S (879.80 +
21.07) groups had an increase (p <0.05) in these cells compared to the C + S group
(N = 672.75 = 35.23). As the CP + F group (1285.50) had an increase (p <0.05) in
the glia cells compared to the CP + S group. The C+ F (N=4.09 £+ 0.34) and CP + S
(N =7.34 + 0.30) groups had a decrease (p <0.05) in the index in relation to the Cells
index of glial Neurons / (G/N) C + S group (N =2.73 £0.22). The PC + F group (N =
13.13 £ 0.94) had a decrease (p <0.05) in the N / G index compared to the PC + S
group. (Table 3)
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Figure 7: Scanned images representative of sections stained with Hematoxylin and Eosin,
showing the layer V of the posterior paw representation area in the somatosensory cortex of
the groups S+C (A), F+C (B), CP+S (C) e CP+F(D). Big neuronal cells (Black arrow), medium
neuronal cells (gray arrow), small neuronal cells (white arrow), glial cells (green arrow). Scale

40um.
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Experimental C+S C+F CP+S CP+F
Groups
P N=4 N=5) (N=5) (N =4) p
Number of 268.50 237 + 137.20 + 113.50 £ 6.06 P<
neurons (N) +16.64 7.460 4.80* 0.001

Number of 672.75 855.40 % 879.80 £ 128550+ 35.72 P<
glial cells (G) £35.23 2718 a 21.07* # 0.001

Index G/N 273 + 4.09 + 7.34 £ 0.30* 13.13+0.94 P<
0.22 0.34 # 0.001

Table 3: Number of neurons, glial cells and neurons/glial cells index of rats from Saline Control
(S+C; n=4), Fluoxetine Control (F+C; n=5), Cerebral Palsy Saline (CP+S; n=5) and Cerebral
Palsy Fluoxetine (CP+F; n=4). Data was expressed as mean + SEM. Two-way ANOVA and
Bonferroni’s post hoc test.* = C+S vs. PC+S (P<0.01); a = C+S vs. C+F (P<0.01); # = PC+S vs.
PC+F (P<0.01).

Discussion

We evaluated the effects of pharmacological manipulation in rats submitted or not to
cerebral palsy in many parameters relationed to the neuromotor system. Both
experimental cerebral palsy such neonatal pharmacological manipulation influenced

the development of this system.

In addition, the association of these maniupulations seems to exacerbate the
damage on body weight, somatic development, locomotor activity and the number of
somatossensory cortex glial cells in rats submitted to experimental CP that using

neonatal fluoxetine, thus counteracting hypothesis previously thought.

The reduction of body weight in rats submitted to neonatal pharmacological
manipulation may be associated with the actions that the inhibition of serotonin
reuptake causes in food intake. Similar to other studies, there was a reduction in the
body weight of the animals (MANHAES DE CASTRO et al., 2001; DEIRO et al.,
2008). SSRI like fluoxetine have na anorexic effect (Deir6 et al., 2008; GALINDO et
al., 2015). Because of this effect, fluoxetine has been used as a pharmacological

adjuvant for the treatment of obesity, promoting weight loss in both humans and
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animals (LAUZURICA et al., 2013). The PC induction technique also influenced the
lower weight gain of the animals of this group, similar to other results found in works
with the same model used for PC induction (Silva et al., 2006; Lacerda, DC et al.,
2017).

One of the reasons attributed to the decrease in weight gain is the injury caused by
sensorimotor restriction. The episode of perinatal anoxia alone does not have the
potential to cause deleterious effects, whereas in studies where the perinatal anoxia
and sensorimotor restriction groups were analyzed separately, the animals present in
the groups with sensorimotor restriction had a decrease in body weight, especially
after the period of lactation (STRATA et al., 2004; MARCUZZO et al., 2010). When
the neonatal pharmacological treatment was associated with CP, there was
potentiation of the anorectic effect, since the lower body weight resulting from PC
induction (SILVA et al., 2016; LACERDA, D.C. et al., 2017), combined with the lower
food intake of animals handled with fluoxetine (GALINDO et al., 2015) appeared to
increase body weight damage by bringing the animals in that group to values even

lower than the values of the two individual manipulations.

Neonatal pharmacological manipulation reduced the body length of the animals
(DEIRO et al., 2004; LOPES DE SOUZA et al., 2004). According to DEIRO et al.,
2004, neonatal treatment with citalopram, another SSRI, decreases somatic growth
in rats. These changes were important to indicate the influence of 5-HT on the growth
of non-neural body tissues through SSRIs (DEIRO et al., 2004). The lower body
weight in CP animals was associated with lower somatic growth in this group. There
was a decrease in the measurements in all axes measured in experimental animals
similar to other studies that associated reduced animal growth with sensorimotor
restriction (STRATA et al., 2004; MARCUZZO et al., 2008).

According to STRATA et al., 2004, the lower growth rate of the animals in the groups
that were associated with the sensorimotor restriction and the alteration of the
biomechanical properties of the muscle occurred due to the lower food intake caused
by the difficulty of locomotion. The animals that in addition to the experimental
cerebral palsy were submitted to the pharmacological manipulation again had a
potentialization in the damage related to the development. These injuries are

intensified by the greater weakness of the animals in that group, due to difficulties in



77

eating (STRATA et al., 2004), both CP injury and the anorexic effect of
pharmacological manipulation (GALINDO et al., 2015; SILVA et al., 2016), resulting
in lower rates of somatic growth and body weight.

Regarding the development of physical characteristics, there was no
difference between groups regarding maturation. Contrary to our findings, Deir6 et
al., 2004 observed delayed eruption of the incisors and opening of the auditory canal
after chronic administration of citalopram during the neonatal period. The chronic
administration of fluoxetine during the same period, however, did not modify the
physical characteristics in the present study. This difference can be explained by the
fact that Deir6 et al., 2004, in addition to having used another type of SSRI,
citalopram, also began pharmacological manipulation previously in comparison to our
treatment. Toso et al., 2005, observed delay in the appearance of eye opening in
animals submitted to an experimental model of cerebral palsy. These authors,
however, used another experimental model of cerebral palsy through the application
of a lipopolysaccharide (LPS) still in gestation. The inflammation caused by LPS
altered the cellular mechanisms of development of the opening of the eyes (TOSO et
al., 2005). In the present study, perinatal anoxia and motor sensory restraint are
injuries caused in the postnatal period and did not compromise the physical
characteristics of the animals. Corroborating with our findings, MARCUZZO et al.,
2010, did not observe changes in physical characteristics after perinatal anoxia and
sensorimotor restriction. In our findings, there were no changes in the animals
submitted to neonatal pharmacological manipulation even when this manipulation

was associated with experimental cerebral palsy.

Other signs of altered nervous system development may be seen by delayed
maturation of the reflexes. Postnatal development involves the maturation of various
systems and the study of reflexes gives us information that can be correlated with the
development of the nervous system of animals (FOX, 1965). The findings of our
study revealed that the differences in ontogeny of the reflexes appeared only among
the animals in the group that underwent cerebral palsy for the reflexes that mature
from the 11 th day of postnatal life: straightening in free fall and negative geotaxia . In
animals submitted to neonatal treatment as SSRI, there were no changes in the
appearance of reflexes.The reflections that mature before this time did not show

differences between the maturation dates. Our findings confirm the results of
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Marcuzzo et al., 2010, which in a similar experimental model of CP also observed
delay in the reflection of negative geotaxia. The negative geotaxia reflex requires the
development of locomotion together with increased animal strenght, and appears at
the stage where the mouse is already seeking to feed itself (FOX, 1965). As the
sensorial motor restriction causes several deleterious effects among them the
decrease of the force, this damages the maturation of the reflex of negative geotaxia

in the animals induced to the CP.

Interestingly, animals submitted to cerebral palsy associated with an SSRI had
no retardation in the reflexes compared to the animals of the PC + S group. PC
seems to have more influence on reflex delay than neonatal pharmacological
manipulation. Although there are no studies to date that associate the use of SSRIs
with the PC on the reflexes, what has been observed can be justified by the
overlapping of the insult of the PC in relation to the pharmacological manipulation,
especially with respect to the motor development. The reflexes that had delays in
their maturation are composed of more complex tasks for the motor system that need

movement association, coordination and force (FOX, 1965).

In the analysis of the locomotor activity, there was less distance traveled,
average velocity, power, kinetic energy, and increase of the stopped time in the
animals submitted to CP on the 17th day. Corroborating our findings Silva et al.,
2016, also observed a decrease in the distance traveled, mean power, kinetic energy
and increase in the standing time in the animals submitted to the same model of
cerebral palsy from the same date. Marques et al., 2014, also observed that animals
with  CP had lower spontaneous locomotor activity. Animals submitted to
sensorimotor restriction showed abnormal gait patterns with decreased gait size
(MARCUZZO et al., 2008). These changes had a crucial effect on the development
of locomotor activity in animals submitted to CP, reducing total distance, and also
increasing the time spent in the field (Silva et al., 2016). These same changes were
observed on day 17, in the control animals that received only the pharmacological
manipulation. Similarly, Lee; Lee, 2012, administered an SSRI, fluoxetine, from birth
to the fourth postnatal day and observed the reduction of the distance traveled by the
animals in the open field at 30 days of life (LEE, LEE, 2012). There was an
aggravation of these damages when the neonatal pharmacological manipulation was

associated with CP in the present study. These animals showed a decrease in
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distance traveled, speed and increase standing time compared to animals with CP
that did not receive pharmacological manipulation. This delay seen in locomotion
may be related to the factors that lead us to believe that the animals of the CP + F
group are more fragile, because they present less somatic development and lower

body weight, influencing their locomotion.

In the analysis of coordination, another point of motor development monitoring,
animals with CP had lower latency between falls, reinforcing the idea that the PC
induction model causes motor coordination and development deficits (ROUSSET et
al., 2013; MARQUES et al. Al., 2014). Neonatal pharmacological manipulation also
decreased the latency of falls in animals.Although Fernandéz-Guasti et al., 2016, did
not find alterations in the results of motor coordination, evaluated by Rotarod, and
comparing young adult rats (3-5 months) of different sexes after acute application of
(5 and 10mg / kg) of fluoxetine. Lee; Lee, 2012, also observed lower fall latency in

animals receiving fluoxetine from birth to the fourth postnatal day.

In the microscopic analysis of the cells of the nervous tissue, precisely the
cells of the S1 area of the somatosensory cortex, there was a decrease in the
number of neurons and increase of the glia cells and the glia index / neurons in the
animals with CP. Marcuzzo et al., 2010 also observed a decrease in the amount of
neurons and increase of the glial cells in the S1 area of the V layer of somatosensory
cortex in animals with CP. Other studies that found a decrease in the number and
size of motor neurons of PC animals attribute this characteristic to the movement
restriction caused by immobilization in the PC induction model that changes
development causing inhibition of motoneuron growth (STIGGER; NASCIMENTO,
DO et al). In animals that underwent neonatal pharmacological manipulation, there
was also a decrease in neurons and an increase in glial cells. Pharmacological
inhibition of fluoxetine increases the level of 5-HT in the brain (MALAGIE et al.,
1995). The altered levels of 5-HT during the first postnatal days may alter the
morphogenesis of growing neurons (LEE; LEE, 2012).

Animals receiving fluoxetine from birth to the fourth postnatal day showed
dendritic remodeling, including dendritic branching, stretching and pruning of neurons
at 7 and 8 days postnatal life (Liao et al., 2011). In another study, also corroborating

our findings, animals receiving fluoxetine from birth to the sixth day postnatal life had
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reduced dendritic extension and lower dendritic length, as well as a smaller dendritic
field in somatosensory cortex IV neurons at 30- 35 days postnatal life. In the animals
with PC that received the pharmacological manipulation neonatal also there was
decrease of the amount of the neurons and increase of the cells of the glia, besides
the increase of the glia / neuron index compared the animals with PC. The increased
amount of glial cells in animals with paralysis that received pharmacological
manipulation demonstrates a process of cerebral plasticity, since these cells have
functions of neurotransmitter release and synapses functioning (GOMES et al.,
2013).

FINAL CONSIDERATIONS

We conclude that cerebral palsy and neonatal pharmacological inhibition
decrease locomotor activity, impair motor coordination, increase glial cells, and
decrease sensory somatostatic neurons in animals. Exposure to drugs during
lactation in rats can be considered a model for the study of drug abuse in humans
(XU et al., 2004; THOMPSON et al.,, 2010). The present study confirms that the
development of the neuromusculoskeletal system is sensitive to cerebral palsy and
neonatal pharmacological inhibition, in order to delay this development. In addition, it
demonstrates that exposure to fluoxetine, a selective serotonin reuptake inhibitor,
aggravates neuromotor damage in animals undergoing cerebral palsy.
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ABSTRACT

Background: Children with Cerebral palsy usually have also comorbidities called
orofacial dysfunctions. Studies in animals have contributed to elaborate potential
therapies aimed at minimizing the chronic inability of the syndrome. Objective: To
produce a systematic review about the possible effects on the orofacial functions
induced by experimental models of cerebral palsy. Methods: Two independent
reviewers conducted a systematic review in electronic databases Medline, Scopus,
CINAHL, Web of Science and Lilacs, using the Mesh and Decs descriptors in animal
models. The motor and sensory parameters of sucking, chewing and swallowing
were considered as a primary outcome and reactivity odor, control salivation,
postural control and mobility of the head during feeding, and the animal's ability to
acquire food as secondary outcomes. The assessment of the risk of bias of the
studies was carried out by method described by Hooijmans et al. (2010). Results:
Ten studies were selected. Most studies used rabbits as experimental model of CP.
Cerebral palsy was induced by hypoxia-ischemia, inflammation or intraventricular
hemorrhage. In all experimental models of CP analyzed, the orofacial functions were
modified. There were more modifications in hypoxia-ischemia models compared to
the other experimental models of CP. However, the model of inflammation was more
effective to reproduce higher damage in coordinating the suction and swallowing.
Conclusion: All CP experimental models analyzed modify the oral functions and
periods in different species of animals. However, studies should be conducted in
order to clarify the mechanisms underlying the orofacial damage and optimize

treatment strategies offered for children with CP.

Key-words: Animal models. Cerebral Palsy. Feeding Behavior. Sucking. Chewing.

Swallowing.
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BACKGROUND

Cerebral palsy (CP) is described as a neurological syndrome characterized by
changes in movement, posture and muscle tone, resulting of non-progressive lesion
that occurs in fetal central nervous system or child development®. This syndrome
causes limitations in activities of daily living of the child and functional dependency?.
The insult may occur still during the pregnancy, during birth or in early life3. The
prevalence of the CP is 2 to 3.5 per 1000 live births*°. The most cases of CP occur
by problems during the prenatal period (70 to 80%), followed by central nervous
system infections during the postnatal period and complications in labor, as asphyxia

neonatal®’.

Children with CP usually have also comorbidities including problems with
drooling, sucking, chewing and swallowing, called orofacial dysfunctions®19, These
problems result in feeding difficulties and poor nutritional state''12, It is estimated that
85% of children with CP have feeding difficulties3, 65% have deficits in the

masticatory movements and 40% have dysfunction in control of saliva'4,

The feeding difficulties observed in children with CP increase the risk of
mortality and are associated with poor prognosis of the syndrome!®. The most
common causes of death in children with cerebral palsy that are secondary to
respiratory disorders and orofacial dysfunctions are important to highlight®. In
underdeveloped countries most of children with CP have feeding difficulties leading
to moderate or severe malnutrition”18, There are reports that malnutrition is the
leading cause of death in children with CP in some underdeveloped countries as in

the Indian subcontinent 19,

The impairments in orofacial functions damage the child's ability to safely
consume the calories and nutrients needed for growth?°. In addition, abnormalities in
anatomical structures involved with the oral preparation and with the development of
the reflex of swallowing can result in severe feeding dysfunction and inadequate food
intake?®21, Furthermore, these abnormalities limit food intake due to the lack of
control of salivation, coughing episodes, incoordination of mandibular muscles, poor
control of tongue, delayed swallowing, resulting in an extended mealtime and

frustration of the child and parents??23,



94

The CP is considered the most common cause of disability in childhood?* and
studies in animals have provided important advances and great knowledge of the
pathogenesis of this syndrome?®. Such studies have contributed to elaborate
potential therapies aimed at minimizing the chronic inability of the syndrome?®.
Experimental models replicate one or more of the main features of the CP in animals.
However, there is significant heterogeneity in these models. The variability in the
experimental models involves different aspects of the syndrome, such as time, the
mechanism, the extent of injury, the use of different species and evaluated

parameters.

Most of the studies that use experimental models of CP investigates the
mechanisms underlying neurological findings and changes in locomotor activity.
However, studies in the literature about the mechanisms related to feeding behavior
and orofacial functions of these animals are scarce. Therefore, the impact of
experimental models of CP in orofacial functions and the evaluation of provoked
impairments and mechanisms associated with these events are important to assess.
Given the above, the objective of this study is to produce a systematic review that
shows the possible effects induced by experimental models of CP on the orofacial
functions and investigate the mechanisms associated with these effects. Thus, the
following focused question was addressed: “Animals submitted to experimental
model of CP develop orofacial alterations compared to animals whose not exposed

to any model?”

METHODS

This systematic review complies with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)?’. In addition, the protocol of this systematic
review was published in Collaborative Approach to Meta-Analysis and Review of
Animal Data from Experimental Studies (CAMARADES) (Registration number:
SC005336).
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Search Strategy

The literature search was conducted in April 2015 in the electronic databases
Medline/ Pubmed (National Library of Medicine/ Medical Literature Analysis and
Retrievel System Online), SCOPUS, CINAHL, Lilacs (Latin American and Caribbean
Health Sciences) and Web of Science. The research focused on experimental
studies using experimental models of CP in animals that evaluate the parameters of
orofacials functions. Combination of MeSH descriptors or their DECS descriptors
"Animals", "Models", “Animal Models”, "Rats", "Rabbits", "Sheep", "Cats", "Primates",
"Piglets”, "Cerebral Palsy”, "mouth", "Behavior", "Feeding Behavior", "Smell",
"Mastication", "Sucking Behavior", "deglutition", "Olfaction disorders", “Salivation” and
"Taste" were used. There was no restriction of the year or the publication of articles
language. In addition, only experimental studies using animals were selected in this

review.

The research was conducted in electronic databases by two independent
reviewers (Lacerda DC and Teracio A) based on a pre-defined protocol. A third
reviewer (Ferraz-Pereira KN) was consulted when needed as a mediator for the
definition of inclusion or exclusion of items that there were no agreement between
reviewers. Finally, the extraction of the data was performed according to the

assessment of the eligibility criteria defined in the study.
Inclusion Criteria

To select the articles presented in this systematic review, the following
inclusion criteria were established: a) Experimental models that used animals b)
Articles with CP induction in animals during gestation or the first days of life c)
Experimental articles that presented control group in their study design, and d)

Articles that evaluated parameters of orofacial functions.
Exclusion Criteria

The articles were excluded when not described in detail and clearly the CP

induction method, which would prevent replication of the model.
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Assessment of articles

The methodological assessment of the studies and the risk of bias were carried out
by specific issues to interfere in the internal validity of experimental studies,
according to the points highlighted by Hooijmans et. al. (2010)%: accommodation,
lighting, temperature, water, diet and code of ethics. In the analysis of sample
features, induction protocol of CP and evaluation of outcomes were
consideredanimal species, CP model used, induction period and age of the
evaluation of orofacial function parameters. Primary outcomes were motor and
sensory parameters of the orofacial functions of sucking, chewing and swallowing.
Secondary outcomes were odor sensitivity, postural control and mobility of the head
during feeding, ability of the animal to acquire food and control salivation. The level of
agreement between reviewers evaluating studies for data extraction and
assessments study quality (risk of bias) was assessed by Kappa Statistics using
Statistical Package for the Social Sciences — SPSS version 20 for Windows.

RESULTS

Initial research in databases made by two reviewers showed 1174 articles in
Medline/ Pubmed, 452 articles in Scopus, 341 articles in CINAHL, 7 articles in Lilacs
and 596 articles in Web of Science. After analyzing the titles and abstracts of all 2570
articles found, 2530 articles were excluded because they did not include outcomes
set out in the inclusion criteria and/ or met the exclusion criteria. After thorough
evaluation of the 40 included, 15 were duplicates and 15 did not meet the criteria for
inclusion and/ or met the exclusion criteria. Then research finished with 10 articles,

as shown in Figure 1.

Table 1 shows the evaluation of the articles according to the points highlighted
by Hooijmans et. al. (2010). After evaluation of the quality criteria, we observed that
all studies have methodological deficits. Of the ten articles included, only five studies
met 60% 2°:31.32.34.36 of the criteria analysed. The level of agreement among reviewers

for data extraction and bias risk analysis was high (Kappa: 0,783).

The characteristics of the samples and parameters evaluated in this review
were summarized according to the model of CP in Table 2, 3 and 4. Three studies

used inflammation as CP model (Table 2), two studies, intraventricular hemorrhage
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(Table 3), and five, hypoxia-ischemia (Table 4). Of these articles, plus the variability
in cerebral palsy induction model used, the heterogeneity of the included studies was
also verified in the species of the animals, the CP induction period and in the
evaluated parameters. Given the variety, the results were presented according to the

findings of each induction model.

Of the 03 (three) articles used as CP method of inducing inflammation, 02
(two) underwent Lipopolysaccharide (LPS) administration in rabbit during pregnancy
(8™ day of pregnancy). Whereas one (01) author induced CP through the Ibotenic
Acid (IBA) administration in rat (Wistar), in the postnatal period (5" or 7t day of
postnatal life) (Table 2). As for verified outcomes, LPS administration promoted the
lack of coordination of sucking and swallowing and reduced head movements during
feeding rabbits on 1" day of postnatal life. While the administration of the IBA,
assessed from 28" day of postnatal life led to damage the scope and acquisition of
food (Table 2).

Regarding the studies that made use of intraventricular hemorrhage CP
induction, one (01) article held glycerol administration in rabbit in the neonatal period
(two hours of life). While one (01) the study made use of autologous blood infusion in
rat neonatal period (24 to 36 hours on 1™ day of postnatal life) (Table 3). The
administration of glycerol did not cause damage on 14™" day of postnatal life. In
contrast, autologous blood infusion resulted in damage to the range and acquisition

of food in the 70™ day of postnatal life in rats (Table 3).

And finally, the five (05) articles used as CP induction model of hypoxia-
ischemia, were all prepared in rabbits and ratings parameters of oral functions were
performed on 1th day of postnatal life. However, in this model, variability was
observed for the period of induction of hypoxia-ischemia, although all have occurred
during pregnancy. Thus, one (01) article held induction during the intermediate
pregnancy (21, 22t and 25" days of pregnancy) and final (28" and 29" days of
pregnancy); 01 (one), during 21" and 22" or 29" days of pregnancy; 01 (one), during
21" and 22t" days of pregnancy; and 02 (two), during pregnancy on 22" day of
gestation (Table 4). As for the observed outcomes, hypoxia-ischemia promoted
incoordination of sucking and swallowing, impaired olfactory aversive response and

reduction of head movements during feeding on 1™ day of postnatal life (Table 4).
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DISCUSSION

Systematic reviews of experimental studies have provided important
information in understanding the underlying mechanisms involved in the disease.
These data can assist the scientific community in making decisions based on
evidence in health care. In this context, this systematic review aimed to bring
together the studies that assessed the impact on orofacial functions caused from the
CP induction in animals. The synthesis and analysis of the collected data, in
particular those related to the control of orofacial functions sucking, chewing and
swallowing, would make it possible to clarify the mechanisms associated with these
events. However, the transition of the findings for clinical practice should be carried

out carefully.

The articles present heterogeneities related to the CP model, the animal
species assessed, the CP induction period, and age assessment, making unfeasible
the application of meta-analysis. The CP induction period was performed during
pregnancy or during parturition or in the first days of postnatal life. The models
induced during parturition and in the first days of life, the damage was provoked
directly in the pups. However, the experimental models of CP that were induced
during pregnancy, caused a maternal insult and consequent cerebral damages in the
pups. Models based on inflammation, the intrauterine administration of LPS on
mothers promotes substantial activation of microglia in the pups' brain which is
typical of CP?233, The models based on hypoxia-ischemia, pregnant females were
submitted to uterine ischemia, in order to attempt to model an insult of placental
insufficiency to premature infants31:32:3537.38  This model causes a global hypoxia in
the fetuses, accompanied by an immediate decrease in the cerebral blood flow of the

pups, resulting in neurological damage®?.

Among the experimental models, it is observed that those based on maternal
hypoxia-ischemia appear patterned, as in all studies there was variability only for the
period of induction of hypoxia-ischemia. However, despite this, all articles induce
hypoxia-ischemia during pregnancy, it moves only with respect to pregnancy (initial,
intermediate or final). Moreover, models of hypoxia-ischemia are effective in the
reproduction of several orofacial parameters, despite a high mortality rate (41, 42 and
50%0)31.32,
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Studies have shown that experimental models of CP were able to reproduce
the characteristics and damages of this disturb. The experimental models of CP
induced in different studies are similar to spastic CP32:3%, Spastic CP may present as
spastic diplegia (involvement of the legs with a slight effect on the arms), hemiplegia
(involvement of the leg and ipsilateral arm) and quadriplegia (involving the four
limbs)®. In addition, motor alterations observed in individuals with spastic CP may

affect orofacial functions such as speech and swallowing*.

Among the orofacial outcomes reported in the studies we have incoordination
of sucking and swallowing; reduction of head movements during feeding; damage to
the range and acquiring food; and impaired olfactory aversive response. All the
above changes, except for the damage to the reach and acquisition of food, were
observed in models of hypoxia-ischemia. The induction of inflammation models
promoted higher damage intensity in incoordination of sucking and swallowing. While
the intraventricular hemorrhage caused damage in the reach and acquisition of food.

The models of hypoxia-ischemia and maternal inflammation promoting
incoordination sucking and swallowing. This parameter was evaluated by the protocol
of Derrick et al®?. Briefly, the animals were individually filmed on a flat surface during
feeding. Suction and swallowing were assessed by introduction of a formula into the
pup's mouth with a plastic pipette. An incoordination of suckling and swallowing was
observed in CP animals, evidenced from milk nasal regurgitation, inability to retain
milk in the oral cavity and loss of all contents by drip?%31:323335 |n humans, it is
observed that this damage in coordinating suction, breathing and swallowing bolus??
leads to recurrent aspiration to the interior of the airways and consequently chest
infections and lung problems3%4°. The difficulty of retaining the food cake or fluid

within the oral cavity contributes to the poor nutritional status and dehydration??2341,

The mobility of the head was also evaluated by the protocol of Derrick et al®2.
This consisted of offering milk in a plastic pipette on the side of the animals' mouths.
The delay or absence of head mobility from the milk supply of stimulus in the side of
his mouth was observed in animals that suffered hypoxia-ischemia or maternal
inflammation. In children it is often the deficit in the movements of the head, neck,
trunk and upper limbs, while feeding*? and reducing the sucking reflex*3. For effective

oral functioning during feeding is necessary to head stability for better control of the
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jaw*. The head control is influenced by the trunk line%4. Therefore, these deficits in
body movements result in reduced dietary intake, prolonged feeding time and poor

nutritional status?®.

The ability to achieve and acquire the food was evaluated by the capacity of
the animals to use the forepaws to feed3%3¢. It was observed if the animal reached
the food, grasped it and fed without dropped pellet. Studies revealed that animals
with cerebral palsy subsequent postnatal inflammation or intraventricular hemorrhage
had difficulties in using the forepaws to reach and manipulate the food accurately
dropping frequently®®36. Children with CP often are unable to maintain and
manipulate food on the tongue, mouth dropping??. Also severe cerebral asymmetries
associated with poor sitting posture during feeding are observed in children with
cerebral palsy*. These abnormalities impair the coordinated use of hands to conduct
the food to the mouth?®, leading to an inadequate intake of nutrients#®. In summary,
the precariousness of orofacial functions correlates with increased limitations in gross
motor function and increased limitations in manual abilities*’. However, we found no
studies in the literature that addressed the postural control during feeding and control

salivation and food consumption.

Furthermore, odor sensitivity was tested by aversive response to a cotton
swab soaked with odorant (peppermint or pure ethanol®! and amyl acetate3537:38),
The absence or delay of aversive response elicited by olfactory stimulation was
observed in models of hypoxia-ischemia during the gestation period. Mathew Derrick
and colleagues®? observed extensive degeneration of the piriform cortex induced by
hypoxia-ischemia during pregnancy. The piriform cortex is considered the main area
that integrates and transmits the information to the olfactory bulb olfactory3”38, It is
suggested that the injury in this region may explain the absence or delay in aversive
olfactory response in animals subjected to oxygen deprivation. However more
experimental studies are needed to investigate other mechanisms that explain the

basis of these behavioral and motor findings.

These motors damage may be associated with changes in the nervous
systems of animals due to cerebral palsy. Most studies show the activation of
microglia in various segments of the brain, especially in the white matter (corpus

callosum, periventricular region, internal capsule and corona radiata)??:30:3233,
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Activated microglia and oligodendrocytes promote neuronal injury, as occurs
hypomyelination and neuronal loss in noble areas of the central nervous system?:33,
It is also observed an increase in the number and hypertrophy of astrocytes in
multiple areas of the white matter, particularly in the periventricular area3%3436, These
findings impair the blood supply and the availability of oxygen and glucose in the

nerve tissue“s,

Coupled with the changes in the nervous system occur significant changes in
the muscular system. In animals with CP was observed increased tone (spasticity) of
the muscles of the anterior and posterior legs associated with postural abnormalities,
righting deficits, changes in gait and reduced locomotor activity??:31:32.33,3435  The
intensity, duration and quality of movements of the head, forelegs and hind legs have
been reduced in these animals?’. The articles have observed that increased muscle
tone relates to injury to the white matter observed in regions such as the internal
capsule and corona radiata®3®. Fadoua Saadani and colleagues? suggested that
the increased muscle tone observed in animals CP is explained by the activation of
microglia, especially in white matter brain. These motor deficits impair posture and

mobility necessary for proper oral function.

Regarding the disorders in muscle orofacial functions was observed in animals
subjected to CP induction, changes in sucking and swallowing reflexes?®:31:32:33.35 |n
children with CP occurs abnormalities in the maturation of muscle orofacial
functions*®, hypertonia of the muscles that close the jaw*°, reduced bite during food
intake force®®, weak suction*?, reducing the lip seal*?, poor control of the lips and
tongue*? and reduced pharyngeal motility*2. These changes in the orofacial muscles

contributed to incoordination of sucking and swallowing.

Our study has some limitations. For instance, the articles included evaluated
different sensory and motor functions in experimental CP models. The variability in
the group of orofacial functions evaluated occurred due to heterogeneities related
mainly to the animal species and the CP induction method. Studies with rabbits have
been used to evaluate a wider range of orofacial functions. However, studies using
rats are more restricted in assessing the motor skills of the forepaws during feeding.
Regarding the CP induction method, the hypoxia-ischemia models reproduce a larger

spectrum of orofacial abnormalities compared to the other models. This can be
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explained by the fact that hypoxia-ischemia provokes an injury in the myelination of

sensory and motor nerve fibers, thus affecting the appearance of several sequelss?.

Thus, the effects on the orofacial functions observed in the articles of this
systematic review are similar to the typical clinical problems of CP. The impairment in
orofacial functions limit growth, nutrition and general health of the child®. In addition,
studies show that depending on the degree of orofacial deficits, the prognosis of CP
may be more reserved with increasing the mortality rate®l. However, the current
treatments proposed are ineffective in effectively minimizing orofacial dysfunctions
affecting many of children in the world. In this context, this systematic review clarifies
the adverse effects induced by experimental models of CP and some mechanisms

underlying the alterations in the orofacial functions.
CONCLUSION

All CP experimental models analyzed modify the oral functions and periods in
different species of animal life. The hypoxic-ischemia models cause changes in the
sensory and motor orofacial functions in most of the parameters analyzed. However
the inflammation model was more effective in playing a greater intensity of damage
to the coordination of sucking and swallowing. Studies investigating the mechanisms
underlying orofacial damage should be performed in order to optimize treatment
strategies offered for children with CP and minimize orofacial damage inherent in this

disorder.
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Table 1: Bioterium quality conditions evaluated by the items highlighted by Hooijman’s et al., 2010.

Author/ Year Accommodation Lighting Temperature Water/diet Code of ethics
Fadoua Saadani et al.,
20087 - ] * * *
Aiging Chen et al., 2008*° - - - - +
Sidhartha Tan et al.,
2005% * ] * * -
Mathew Derrick et al.,
2004% * ] * ) *
Sujatha Kannan et al,
2011% ¥ ' ] ] ¥
Caroline O. Chua et al.,
" 0153 - ] * * *
Matthew Derrick et al., i ) i i i
2007%
Janani Balasubramaniam
et al., 2006% * * ] * ¥
Alexander Drobyshevsky i i i i +

et al., 2012%

Alexander Drobyshevsky
et .,2006%




Table 2: Characterization of the sample and the results found in models of inflammation.

Animal ;
Author/ Year CP Model In;lugtlgn A Age Results
(Specie) erio ssessment
1-Incoordination
of sucking and
_ Infl : ional swallowing.
Fadoua Saadani et Rabbit " a(T;n Sa tion ecr;iszt?ztg:ilia 1" day of _
al., 20082 S P Y postanatal life  2- Reduction of
administration) of pregnancy) head
movements
during feeding.
- Infl [ Pés- | peri 1-Fail
Aiging Chen et al., Rat nflammation of nate:] period From to 28" day afiure o
2008% _ (LPS (5" or 7t day of of postanatal life achieve and
(Wistar) administration) postnatal life) P acquire food.
Inflammation Gestational 1-Incoordination
i th
Sujatha Kannan et Rabbit (LPS period (28" day 1% day of of sucking and

al, 201133

administration)

of pregnancy)

postanatal life

swallowing
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Table 3: Sample Characterization and results found for intraventricular hemorrhage models.
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Animal

Author/ Year CP Model Induction period Age Results
(Specie) assessment
Rabbit Intraventricular
Caroline O. Chua et al., hemorrhage Neonatal period 14" day of 1-No damage was
20153 (Autologous blood (two hours of life)  postnatal life observed.
infusion)
Rat Intraventricular Neonatal period
Janani Balasubramaniam et (Sprague hemorrhage (24-36hrs at the 70" day of 1- Failure to achieve and
al., 200636 (Autologous blood 1" day of postnatal life acquire food.

dawley)

infusion)

postnatal life)
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Table 4: Characterization of the sample and results found in hypoxia-ischemia models

Animal _ . Age
Author/ Year . CP Model Induction Period Results
pecies ssessmen
(S ) A t
1- Incoordination of
sucking and swallowing.
_ ' Gestational period intermediate (21, 22t 2-Impaired olfactory
Sidhartha Tan ' Hypoxia- . 1™ day of '
Rabbit _ _ and 25™ days of pregnancy) and final (28t _ aversive response.
et al., 200531 ischemia postanatal life _
and 29™ days of pregnancy) 3- Reduction of head
movements during
feeding.
1- Incoordination of
Mathew _ ) _ sucking and swallowing.
_ _ Hypoxia- Gestational period (21" and 22t days of 1™ day of _
Derrick et al., Rabbit . . . 2- Reduction of head
ischemia pregnancy) postanatal life .
20043 movements during

feeding.



Matthew Derrick et al.,
200735

Alexander
Drobyshevsky et al.,
2012%

Alexander
Drobyshevsky et
al.,2006%

Rabbit

Rabbit

Rabbit

Hypoxia-

ischemia

Hypoxia-

ischemia

Hypoxia-

ischemia

Gestational period (21" and

22t or 29t days of pregnancy)

Gestational period (22t day of

pregnancy)

Gestational period (22t day of

pregnancy)

1" day of
postanatal life

1" day of
postanatal life

1" day of

postanatal life
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1- Incoordination of
sucking and swallowing.
2- Impaired olfactory

aversive response.

1- Impaired olfactory

aversive response.

1- Impaired olfactory

aversive response.
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ANEXO A — APROVACAO DA COMISSAO DE ETICA NO USO DE ANIMAIS




ANEXO B - FICHA DE AVALIACAO DOS REFLEXOS
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ANEXO C - FICHA DE AVALIACAO DO DESENVOLVIMENTO

NINHADA Ne:

DNF:

/

GRUPO DE ESTUDO:
MARCAGAO DO FILHOTE:
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Dia

Data

CACTERISTICAS FISICAS

(Diério — 12:00, até chegar no resultado +)

DESENVOLVIMENTO SOMATICO
(*) = dias de avaliagdo com 0 mesmo sinal

APA

ACA AO
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ELLC*
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