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“Né&o ha, ndo,

duas folhas iguais em toda a criacéo.
Ou nervura a menos, ou célula a mais,
ndo ha, de certeza, duas folhas iguais.”
(Anténio Gededo, 1958)



RESUMO

A paralisia cerebral (PC) compreende um grupo de transtornos do movimento e da postura com
limitagdo da fungdo, relacionados a danos que acometem o sistema nervoso central em
desenvolvimento. Existem poucas estratégias de intervencdes relacionadas ao manejo e
tratamento da paralisia cerebral precoce, ou seja, logo ap6s a lesdo. Sendo assim, entre as
estratégias nutricionais ou mesmo farmacoldgicas temos a intervencdo com flavonoides, como
0 kaempferol. Buscamos avaliar o efeito do tratamento neonatal com kaempferol em ratos
submetidos a paralisia cerebral experimental sobre parametros morfolégicos 6sseos. Foram
utilizados ratos Wistar e apds o nascimento os filhotes foram ajustados para oito filhotes por
ninhada, com peso entre 6-8 gramas no primeiro dia pds-natal, permanecendo com suas
respectivas genitoras durante o periodo de lactacdo, sendo ainda nesse periodo distribuidos nos
subgrupos: a) Controle Placebo (C+P), b) Controle Kaempferol (C+K), c¢) Paralisia Cerebral
Placebo (PC+P), d) Paralisia Cerebral Kaempferol (PC+K). O modelo de PC consistiu na
associacdo de anoxia perinatal com a restricdo sensorio motora das patas posteriores. Foi
avaliado nos animais em dias especificos, o peso corporal, comprimento naso-anal e
comprimento caudal. Ap6s o desmame (P25), os animais foram separados em gaiolas
individuais (3-4 animais por gaiola) até os 36° dia de vida pds-natal, quando foram eutanasiados
para coleta de tecidos 0sseos, (fémur e tibia) foi aferido o peso, comprimento e realizada a
histomorfometria 0ssea e analise da densidade radiografica. Os dados foram analisados por
meio do teste ANOVA two way ou two way medidas repetidas, seguidos do pos-teste de Tukey
ou teste de Kruskal-Wallis, seguido do pos-teste de Dunn’s e 0 nivel de significancia
considerado foi de p<0,05. Os nossos dados sugerem que em P36 a induc¢éo de PC experimental
promoveu os seguintes resultados: diminuicdo do peso corporal e comprimento naso-anal,
reducdo do peso absoluto e comprimento da tibia e fémur, reducdo da radiopacidade 6ssea das
regibes analisadas do fémur e tibia reducdo da espessura cortical e area medular, maior
densidade de lacunas de ostedcitos e menor area lacunas de ostedcitos. Sobre os dados dos
animais submetidos a PC e que receberam tratamento com kaempferol em comparagdo com o
grupo PC que recebeu placebo sugerem que no dia pos-natal 36 (PC+K vs. PC+P) temos 0s
seguintes resultados: aumento do peso corporal e do comprimento naso-anal e aumento da
densidade e area das lacunas de ostedcitos. Em resumo, 0s nossos dados mostram que o modelo
de paralisia cerebral reduziu drasticamente o crescimento dos animais no que diz respeito ao
peso corporal e do comprimento naso-anal, apresentaram também reducdo do peso absoluto e
do comprimento absoluto da tibia e do fémur, reduziu a radiopacidade Ossea das regides
analisadas do fémur e tibia, reducdo da espessura cortical e da area medular, bem como reducao
da area das lacunas de ostedcitos e que o tratamento com kaempferol atenuou os efeitos
relativos ao peso corporal e comprimento naso-anal, bem como histologicamente pode observar
0 aumento da area e do nimero de lacunas de ostedcitos. Sdo necessarios mais estudos para
verificar se esta melhoria no desenvolvimento 6sseo pode ser ampliada ao longo do tempo.

Palavras-chave: paralisia cerebral; 3,5,7-Trihydroxy-2-(4-hydroxyphenyl) -4H-chromen-4-one;
flavonoide; osso; tibia; fémur.



ABSTRACT

Cerebral palsy (CP) comprehends a group of movement and posture disorders with limited
function, related to damage that affects the developing central nervous system. There are few
intervention strategies related to the management and treatment of early cerebral palsy, soon
after the injury. Thus, among nutritional or even pharmacological strategies we have the
intervention with flavonoids, such as kaempferol. We sought to evaluate the effect of neonatal
kaempferol treatment in rats subject to experimental cerebral palsy on bone morphological
parameters. Wistar rats were used and after birth the pups were adjusted to eight pups per litter,
with weight between 6-8 grams on the first postnatal day, remaining with their respective
genitors during the lactation period, being distributed in the subgroups: a) Placebo Control
(C+P), b) Kaempferol Control (C+K), c¢) Placebo Cerebral Palsy (PC+P), d) Kaempferol
Cerebral Palsy (PC+K). The CP model consisted of the association of perinatal anoxia with
hind limb sensory motor restriction. Body weight, naso-anal length and caudal length were
evaluated in the animals on specific days. After weaning (P25), the animals were separated into
individual cages (3-4 animals per cage) until the 36th day of postnatal life, when they were
euthanized for bone tissue collection (femur and tibia), weight, length, bone histomorphometry,
and radiographic density analysis were performed. The data were analyzed using the two-way
ANOVA or two-way repeated measures test, followed by Tukey's post-test or Kruskal-Wallis
test, followed by Dunn's post-test, and the significance level considered was p<0.05. Our data
suggest that in P36 the induction of experimental CP promoted the following results: reduction
in body weight and naso-anal length, reduction in absolute weight and length of the tibia and
femur, reduction in bone radiopacity of the analyzed regions of the femur and tibia, reduction
in cortical thickness and medullary area, greater density of osteocyte lacunae, and smaller area
of osteocyte lacuenae. On the data from animals that underwent CP and received kaempferol
treatment compared with the PC group that received placebo suggest that on postnatal day 36
(PC+K vs. PC+P) we have the following results: increased body weight and naso-anal length
and increased density and area of osteocyte lacunae. In summary, our data show that the
cerebral palsy model drastically reduced the growth of the animals in terms of body weight and
naso-anal length, that it also reduced the absolute weight and absolute length of the tibia and
femur, that it reduced the bone radiopacity of the analyzed regions of the femur and tibia,
kaempferol treatment attenuated the effects related to body weight and nasal-anal length, and
histologically, an increase in the area and number of osteocyte lacunae could be observed.
Further studies are needed to see if this improvement in bone development can be extended
over time.

Keywords: Cerebral palsy; 3,5,7-Trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one;
flavonoid; bone; tibia; femur.
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1 APRESENTACAO

A Paralisia Cerebral (PC) compreende um grupo de transtornos do movimento e da
postura com limitacdo funcional que sdo atribuidos a distdrbios ndo progressivos do sistema
nervoso central fetal ou da crianga em desenvolvimento (BAX et al., 2005; BLAIR, 2010). Um
grande numero dos pacientes com PC exibe aumento dos reflexos, hiper tonicidade, atrofia e
fraqueza muscular (KRIGGER, 2006). As criangas com PC s&o propensas ao desenvolvimento
de baixa densidade mineral 6ssea (DMO) e fraturas de baixo impacto (LEVINE, 2012).

O estado nutricional deficitario em individuos com paralisia cerebral esta associado aos
atrasos do desenvolvimento e na habilidade motora o que pode comprometer ainda mais o
desenvolvimento 0sseo (DAHLSENG et al., 2012; KUPERMINC; STEVENSON, 2008).
Ainda, existem poucas estratégias de intervencOes relacionadas ao manejo e tratamento da
paralisia cerebral precoce, ou seja, logo apds a lesdo. Sendo assim, entre as estratégias de

intervencao nutricional ou mesmo farmacologica temos a suplementacéo com flavonoides.

O kaempferol € um composto flavonoide que tradicionalmente tem sido empregado no
tratamento de doencas como, hipertensdo, dores de cabeca e dores abdominais. (GUO et al.,
2012). E em estudos in vitro, usando concentracdes de 0,1 a 100 uM o kaempferol foi associado
a diversas funcdes biologicas como a promocéo, diferenciacdo e mineralizacdo de osteoblastos
e supressdo da reabsorcdo e diferenciacdo Ossea dos osteoclastos (WATTEL et al.,2003;
MIYAKE et al., 2003; PROUILLET et al., 2004; GUO et al., 2012).

Ainda, em um modelo de osteopenia em ratas ovariectomizadas o kaempferol diminuiu
a perda 0ssea e aumentou as células osteoprogenitoras (TRIVEDI et al., 2008). Entretanto, ndo
encontramos em nossas buscas até o0 momento, estudos que avaliem o efeito do kaempferol em
disturbios como a paralisia cerebral que promovem importantes modificacdes dsseas que

afetam o desenvolvimento.

Dessa forma, a PC assim como os danos motores e déficits 0sseos associados ao
quadro desse distrbio representam temas de estudo relevante; tendo em vista ainda que
evidéncias epidemioldgicas apontam que a mesma apresenta uma taxa de prevaléncia estimada
em 2 - 3,5 para cada 1000 criancas nascidas em paises desenvolvidos (YEARGIN-ALLSOPP
et al., 2008), sendo maior nos paises subdesenvolvidos, chegando a 7 para cada 1000 nascidos
vivos (ZANINI et al., 2017). Sendo assim, seu estudo € de extrema importancia para o

desenvolvimento de novas terapias e a compreensdo de suas diversidades. Entdo, o objetivo
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desse estudo foi avaliar e elucidar o papel do kaempferol no que diz respeito ao

desenvolvimento do tecido 6sseo em ratos submetidos a um modelo de paralisia cerebral.
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2 REFERENCIAL TEORICO

2.1 A paralisia cerebral no contexto da plasticidade fenotipica

A plasticidade fenotipica se refere a capacidade do organismo de se adaptar as diferentes
condi¢des ambientais, sem que necessariamente ocorra alguma modificagdo em nivel genético
(WEST-EBERHARD, 1986). A variacdo genética e plasticidade do desenvolvimento sdo 0s
principais fatores que contribuem para a plasticidade do organismo, ou seja, na habilidade do
mesmo de reagir e se adaptar aos desafios ambientais. Este fenGmeno pode ser caracterizado
ainda, como a relagdo entre os eventos que ocorrem no Utero e sua influéncia no
desenvolvimento da prole, ou seja, a predisposi¢do desse organismo desenvolver doencas em
fases mais tardias da vida. Portanto, reporta-se como a habilidade de resposta de um organismo
a um input do ambiente interno como o Utero, ou externo, como, 0 ambiente de
desenvolvimento do individuo (WEST-EBERHARD, 1986; BARKER, 2005).

Em conjunto com a plasticidade do desenvolvimento atuam a variabilidade fenotipica,
fisiologica e comportamental, e esses fatores podem ser influenciados pelas modificacdes
ambientais, como exemplo temos os efeitos da mae em sua prole, por exemplo, as pressoes
ambientais a que as maes foram expostas podem ser refletidas na prole afetando o seu
desenvolvimento (WEST-EBERHARD, 2003). Mas a variabilidade de um organismo acontece
ndo somente pela plasticidade fenotipica, ocorrendo também devido aos proprios genes, 0sS
organismos podem apresentar ainda padrbes distintos de metilacdes, acetilagdes, ou ainda,
mutacbes que os diferenciam dos demais organismos e 0s beneficiam com capacidades
responsivas diferentes as variadas pressdes ambientais em que estad inserido (WEST-
EBERHARD, 2005).

A paralisia cerebral (PC), inicialmente reportada por Little em 1861, é um dos disturbios
neurolégicos com implicagdes no desenvolvimento da crianca, mais conhecidos mundialmente
e foi chamada primeiramente de “cerebral paresis”, posteriormente seu nome foi modificado
para “cerebral palsy”, pois € um termo mais abrangente e descreve melhor a etiologia e
desenvolvimento da pessoa portadora dessa condi¢cdo (BAX et al., 2005). Em definicbes mais
recentes a PC ¢ reportada como um grupo de transtornos do movimento e da postura com
limitagdo funcional que séo atribuidos a distarbios ndo progressivos do sistema nervoso central
fetal ou da crianga em desenvolvimento (BAX et al., 2005; BLAIR, 2010).
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A PC apresenta uma taxa de prevaléncia estimada em 2 - 3,5 para cada 1000 criancas

nascidas em paises desenvolvidos (STANLEY; BLAIR; ALBERMAN, 2000; YEARGIN-
ALLSOPP et al., 2008). Essa prevaléncia é maior nos paises subdesenvolvidos, como é o caso
do Brasil, esse nimero chega a 7 para cada 1000 nascidos vivos, além disso entre 30.000 e
40.000 casos ocorrem a cada ano (ZANINI et al., 2017; MANCINI et al., 2002). A explicacdo
para a diferenca na magnitude da prevaléncia é atribuida as mas condigdes de cuidados pré e
po6s-natais (MANCINI et al., 2002). Essas evidéncias epidemiol6ogicas apontam para relevancia
de estudos clinicos e sobretudo experimentais para o conhecimento dos mecanismos

subjacentes a PC e 0 avango em sua terapia.

Os fatores de risco para o desenvolvimento da PC podem ocorrer antes, durante, no
momento do parto e até posteriormente. Esses fatores incluem infeccdes, a hipdxia-isquemia, 0
nascimento prematuro, gravidez multipla, anomalias congénitas, o retardo no desenvolvimento
do feto no utero, a ocorréncia de alguns desses fatores culminam em alguma lesdo nivel cerebral

que compromete o desenvolvimento normal da crianca (NOVAK et al., 2017).

Sendo entdo, o resultado de uma ma formacao ou dano cerebral em criangas em fases
iniciais do desenvolvimento. A PC apresenta-se como uma das causas mais comuns de
problemas na locomocéo e outras debilitacdes fisicas da postura e do movimento, causando
disturbios na funcdo neuromuscular e desenvolvimento inadequado de tecidos musculares
esqueléticos (CHRISTENSEN et al., 2014; ROSE et al., 2005; WHITNEY et al., 2017).

Criancas diagnosticadas com PC geralmente apresentam na primeira infancia
dificuldades no desenvolvimento de habilidades motoras grossas e também dificuldades no ato
da alimentacdo, a gravidade do quadro clinico varia com a extensao e regido cerebral afetada
(BAX et al., 2005). Criancas com paralisia cerebral frequentemente apresentam ainda
disturbios orofaciais (KRICK et al., 1996).

Os danos neuroldgicos ocasionados pelas lesdes cerebrais nos individuos acometidos
com PC sdo bem extensos, algumas manifestacdes sdéo comumente observadas no quadro, como
deficiéncia intelectual, comprometimento a nivel motor, quadros de epilepsia e outros, que
variam de acordo com a gravidade do dano e regides nervosas afetadas e também com a idade
do individuo acometido (BAX et al., 2005).
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2.2 Modelos de paralisia cerebral experimental
Vérios modelos foram desenvolvidos com animais afim de promover os danos cerebrais
que acometem criangas com PC, como o modelo de asfixia que causa lesdo no tdlamo e tronco
cerebral; o acidente vascular cerebral (AVC) perinatal que causa leséo cerebral comum na PC,
ou 0 modelo que infringe lesdo na substéncia branca, simulando basicamente os quadros em
que a PC se daria por quadros de hipdxia-isquemia, ou por infeccdes e até pela combinagdo dos
mecanismos (JOHNSTON, 2005).

Outros estudos simulam os transtornos de migracao neuronal, que replicam os danos da
PC juntamente com outros quadros clinicos de ordem muitas vezes genéticas e ainda existem
outros pesquisadores que combinam os modelos para assim simular de forma mais eficaz o
quadro clinico da paralisia cerebral e entdo montar um panorama completo para facilitar o
desenvolvimento de estratégias de tratamento (JOHNSTON, 2005) Dessa forma, os estudos
experimentais que simulem a PC em animais séo capazes de contribuir de forma significativa
nos mecanismos do quadro clinico da PC, dos danos ao desenvolvimento motor e sensorial dos
(LACERDA et al., 2017; SILVA et al., 2016).

Os modelos de inducdo da PC geralmente simulam as manifestacbes clinicas
decorrentes da mesma, modelos experimentais que combinem diferentes insultos parecem ter
mais fidedignidade ao representar os déficits dos individuos acometidos pela PC (JOHNSTON
et al., 2005; COQ et al., 2008). Dessa forma o modelo proposto por Coq e colaboradores que
combina a anoxia perinatal com a restricdo sensorio-motora dos membros posteriores simula
os danos a nivel de atrasos no desenvolvimento e maturacdo de reflexos e atividade locomotora,
equilibrio, coordenacdo, diminuicdo do peso corporal e até dificuldades nos movimentos
mastigatdrios (COQ et al., 2008; STRATA et al., 2004; LACERDA et al., 2017).

Vérias alteracfes sdo descritas na literatura em relagdo aos individuos acometidos pela
PC, como por exemplo a diminuicdo do peso corporal, do desempenho motor e foi observado
também em recente revisdo, que os distlrbios orofaciais sdo encontrados em todos os modelos
experimentais de paralisia cerebral e em diferentes espécies (SILVA et al., 2016; LACERDA
et al., 2017). Os variados aspectos relacionados aos disturbios que sdo decorrentes da PC
reforcam a importancia de ressaltar o fato de que o diagndstico da mesma deve ser
multidisciplinar, assim como seu tratamento, e reforgam ainda, a necessidade de estudos

complementares.



2.3 Desenvolvimento do tecido 0sseo »

O esqueleto humano adulto apresenta 206 0ss0s que em conjunto promovem ao corpo
fungdes diversas como, de sustentacdo, movimentagédo e protecao do organismo, hematopoese
e armazenamento de minerais. Cada 0sso é extensivamente remodelado durante toda a vida do
organismo para se adaptar as diferentes mudancas ao longo dela, e para a substituicdo dos mais
velhos por 0ssos mais novos, mais fortes e resistentes (DATA, et. al, 2018; CLARKE, 2008;
JUNQUEIRA; CARNEIRO, 2017).

O tecido 6sseo é um tipo especializado de tecido conjuntivo composto por algumas
células, os osteoblastos que se situam na periferia da matriz e sdo responsaveis por sintetiza-la,
0s ostedcitos, se encontram no interior de lacunas e tém a funcdo de manter a matriz e por
ualtimo, os osteoclastos, células multinucleadas e moveis com funcdo de reabsorver a matriz,
tém grande importancia no processo de remodelacdo Ossea (HENRIKSEN, et., al 2009;
JUNQUEIRA; CARNEIRO, 2017; DATA, et. al, 2018; ROBLING, et., al 2006).

O tecido 0Osseo apresenta ainda, uma matriz extracelular calcificada e é um dos
principais componentes do esqueleto, servindo de suporte para tecidos nao calcificados,
protegendo os componentes alojados na regido craniana e toracica, alem de oferecer apoio e
participar do processo de movimentacdo dos musculos esqueléticos, ainda tem o papel de alojar
a medula Ossea, precursora das células sanguineas. (OLSEN et al., 2000; JUNQUEIRA;
CARNEIRO, 2017).

A matriz mineralizada do tecido 6sseo possui componentes organicos e inorganicos;
entre 0s organicos se encontra o colageno do tipo I, formando basicamente 90% dessa matriz,
possui ainda, proteinas adesivas e glicosaminoglicanos e proteoglicanos, e fazendo a parte
inorganica apresentam-se os ions fosfato e célcio que formam os cristais de hidroxiapatita e
agua. Esses componentes em conjunto atribuem as propriedades do tecido dsseo: rigidez,
plasticidade e resisténcia. (FROST, 2001; JUNQUEIRA; CARNEIRO, 2017; CLARKE, 2008).

Dentre as fungdes do tecido dsseo estdo a sustentacdo, a protecdo, desempenha o papel
de importante depdsito de alguns minerais, apresenta uma matriz mineralizada, tal matriz
confere dureza que permite que o mesmo desempenhe as fungdes apontadas acima; além dessas,
apresenta papéis importantes como o depdsito de minerais como calcio e ferro, liberando-os
conforme a necessidade do organismo, mantendo entdo, uma concentracdo controlada nos

sistemas. Ainda, esse tecido é capaz de absorver e estocar substancias toxicas, ou metais
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pesados, protegendo assim outros tecidos (FROST, 2001; JUNQUEIRA; CARNEIRO, 2017,

CLARKE, 2008).

J& em relacdo ao desenvolvimento embrioldgico, os membros superiores e inferiores
tém o inicio do seu desenvolvimento na 4% semana e vao até a 82 semana de gestacao,
compreendendo um periodo de 5 semanas. O desenvolvimento do tecido 6sseo e muscular se
inicia na 4% semana de gestacdo (SCHOENWOLF et al., 2016). A origem, crescimento e
desenvolvimento dos 0ssos, podem ser de dois tipos, a ossificagcdo endocondral e ossificacdo
intramembranosa (OLSEN et al., 2000; JUNQUEIRA; CARNEIRO, 2017). o processo de
remodelacdo dssea é constante ao longo da vida, mas, € mais constante nos periodos iniciais
(HILL, 1998). Assim, é importante observar o periodo neonatal como uma janela critica para

prevenir problemas que afetem o desenvolvimento 0sseo.

A ossificacdo intramembranosa ocorre em um molde de tecido mesenquimal ou no
reparo 0sseo, ela acontece quando ha a diferenciacdo de celulas osteoprogenitoras que
sintetizam uma matriz ostedide (ndo calcificada), os osteoblastos seguem num processo
continuo de formacédo de matriz, até que ficam presos dentro de lacunas, temos formado entéo:
osteoblastos, matriz 0ssea e ostedcitos; o tecido 0sseo segue crescendo enquanto vasos
sanguineos se associam a matriz, esse processo continua até haver a formacdo do 0sso
propriamente dito, esse tipo de formacdo 6ssea € comum em 0ssos chatos como os do cranio e
provém o crescimento em espessura dos 0ssos longos (OLSEN et al., 2000; JUNQUEIRA;
CARNEIRO, 2017; ROSS; PAWLINA, 2016).

A ossificacdo endocondral, por sua vez ocorre em um molde de cartilagem hialina, onde
ha a formacao de um “colar 6sseo” formado por células mesenquimais (esse colar dsseo tem
origem intramembranosa, posteriormente se inicia a ossificacdo endocondral); a cartilagem
hialina é gradualmente substituida por matriz 6ssea, isso ocorre quando os condrocitos da
cartilagem hialina entram em apoptose, vasos sanguineos comegam a migrar para essa regiao e
a partir desses vasos ha a chegada de células de osteoprogenitoras, em resumo acontece o
crescimento do colar 6sseo a substituicdo da cartilagem por tecido 0sseo; ocorre nos 0SS0S
longos e curtos, proporcionando crescimento em comprimento. (MACKIE. et al., 2008;
JUNQUEIRA; CARNEIRO, 2017; ROSS; PAWLINA, 2016).

O tecido 6sseo € dividido em dois tipos de acordo com sua fase de maturacao: primario

(imaturo) e secundario (maduro), sua dindmica é basicamente a de que o tecido imaturo é
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gradativamente substituido pelo maduro, no tecido imaturo os ostedcitos e fibras colagenas se

organizam de forma aleatoria, ao passo que no tecido 6sseo maduro as fibras se organizam em
lamelas organizadas de forma concéntrica em torno de canais de Harvers, conectados por canais
de Volkmann (sendo esses longitudinais e transversais, respectivamente). Formando 0s sistemas
de Harvers que sdo essenciais para a nutricdo e crescimento do tecido 6sseo (HENRIKSEN,
et., al 2009; STEVENS; LOWE, 2002; JUNQUEIRA; CARNEIRO, 2017).

Anatomicamente, o fémur e a tibia sdo classificados como 0ssos longos. Ossos desse
tipo possuem uma largura menor em relagdo ao comprimento e por isso sdo organizados em
uma regido intermediaria, a diafise e regides terminais, alongadas chamadas epifises que
promovem a interagcdo com outros 0ssos, constituindo as articulagdes (TORTORA,;
DERRICKSON, 2019).

A osteopenia, por sua vez, € comum em pacientes com PC (FINBRATEN et al., 2015).
A PC diminui a densidade mineral 6ssea 0 que leva a risco elevado de fraturas, comprometendo
0 desenvolvimento e a reabilitacdo funcional desses pacientes (MOON et al., 2016). Observa-
se entdo, a importancia da realizacdo de estudos em modelo animal para a compreenséo dos

disturbios 6sseos associados a PC, bem como do desenvolvimento de estratégias intervencao.

2.4 Potencial dos flavonoides

Os polifendis sdo uma categoria heterogénica de compostos quimicos, podendo ser de
dois tipos, os ndo flavonoides (&cidos fendlicos) e os flavonoides (flavonas, flavondis,
flavanois, antocianidinas, flavanonas, isoflavonas e calconas), esses compostos sao
provenientes do metabolismo secundario das plantas. Flavondides sdo compostos naturais,
sendo um dos metabdlitos secundarios de plantas mais abundantes do reino vegetal, sdo
soltveis e de baixo peso molecular, constituidos de dois anéis benzénicos e uma cadeia de 3
carbonos (C6-C3-C6) (CIANCIOSI et al., 2018).

Compostos que apresentam polifendis, sdo amplamente encontrados na natureza em
plantas comestiveis ou ndo comestiveis e entre seus efeitos mais relatados estd a capacidade
antioxidante. Dentre as diversas fungbes que os polifendis participam estdo: assimilacdo de
nutrientes, sintese proteica, atividade enzimatica, que participam no processo fotossintético,
formacdo de componentes estruturais da planta e atuam na defesa contra os fatores de risco
presentes no ambiente (CHEYNIER; TOMAS-BARBERAN; YOSHIDA, 2015). Por isso,

extratos de frutas, cereais, ervas e outros tém sido amplamente estudados pelo seu papel no
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retardamento a degradacdo de lipidios, melhorando a qualidade nutricional do alimento

(KAHKONEN et al., 1999).

Os flavonoides, por sua vez, sdo caracterizados por sua estrutura de difenil propano e
por fazer parte dos metabolitos secundarios do metabolismo de plantas. S&o encontrados
principalmente em sucos, chas, e nas préprias frutas e vegetais, além de estarem presentes no
vinho (VAUZOUR et al., 2008). Flavonoides e outros polifendis tém sido estudados como
importantes preventores em doengas cardiacas e no cancer. Ainda, o estado antioxidante no
plasma de humanos tem sido melhorado a partir do consumo de vinho tinto sem &lcool ou de
compostos polifendlicos extraidos de vinho tinto. (SERAFINI et al., 1998; CARBONNEAU et
al., 1998).

O estudo de revisdo Calderon-Montafio et al. (2011), aponta que o consumo de
flavonoides tem sido associado a diminuicdo do risco de doengas como o cancer e disturbios
cardiovasculares. Em um estudo epidemiologico Hertog et al. (1993), avaliaram o perfil de
ingestdo de flavonoides (quercetina, kaempferol, miricetina, apigenina e luteolina) em 805
homens, entre 65 e 84 anos, em 1985, os homens foram seguidos por 5 anos mostrando que seu

consumo é inversamente associado a doencas cardiacas coronarias.

O uso dos mais variados extratos de plantas, bem como de alguns flavonoides tém sido
associados a melhora de déficits cognitivos, provavelmente associados incremento na funcéo
neuronal, bem como a sua prote¢do (YOUDIM, 2001). As propriedades neuroprotetoras dos
flavonoides tém sido amplamente estudadas buscando elencar a multiplicidade dos efeitos dos
mesmos. Dois processos foram indicados como primordialmente alterados pelos flavonoides
na sua acdo de melhoria das lesbes cerebrais, sendo elas, a participacdo nas cascatas de
sinalizacdo de proteinas e quinases lipidicas, e também foram observados ainda efeitos

positivos no sistema vascular cerebral (VAUZOUR et al., 2008).

Em revisdo realizada por Vauzour et al. (2008) apontam que o consumo de flavonoides
contribui para a neuroprotecdo cerebral a partir da sua acdo em processos como a inibi¢ao da
apoptose celular, protecdo contra lesdo neuronal induzida por neurotoxinas, inibicdo da
neuroinflamacdo, melhorias no processo de aprendizagem, melhora do desempenho cognitivo
e da memdria; cabe destacar ainda que os flavonoides sdo capazes de prevenir as algumas

formas de doengas cerebrais.
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O potencial dos flavonoides tem sido estudado também no que diz referente ao

metabolismo &ésseo, Tridax procumbens é uma planta comumente usada para tratamento de
problemas hepaticos, anemias, artrite, gota, entre outros. Em estudos in vitro, usando 0s
flavonoides isolados do extrato de Tridax procumbens foi possivel observar suas propriedades
em células-tronco mesenquimais (que tem potencial de diferenciagdo em células
osteoblasticas), aumentando sua capacidade osteogénica (AL MAMUN et al., 2017; AL
MAMUN et al., 2015).

Achados recentes indicam ainda um importante papel dos flavonoides no que diz
referente ao metabolismo do RANKL (ligante do receptor ativador do fator nuclear kappa-B)
diminuindo a diferenciacdo de osteoclastos e a reabsorcéo dssea e participanndo a diferenciacéo
das células osteoblasticas o que influencia positivamente o processo de formacdo 0ssea; 0
RANKL é uma proteina que esta relacionada ao fator mais importante e reconhecido na
diferenciacéo dos osteoclastos. (AL MAMUN et al., 2015).

Em estudos experimentais a densidade mineral 0ssea e o conteudo mineral de
camundongos tratados com a Tridax procumbens aumentou significativamente em comparacéo
com os camundongos do grupo controle, assim como aumentou também os indices dos
principais constituintes do metabolismo 6sseo. (AL MAMUN et al., 2017). Portanto, o estudo
de flavonoides e seus sinbnimos tem grande importancia na busca por formas alternativas de

tratamento e prevencdo de doencas e disturbios.

2.5 Kaempferol e satde dssea

O kaempferol (3,5,7-tri-hidroxi-2- (4-hidroxifenil)-4H-1-benzopiran-4-ona) é um
flavodide conhecido ainda como: kaempferol-flavonol, kaempferol-3, apresenta como formula
quimica C 15 H 10 O 6. 0 peso molecular 286,23 e seu ponto de fusdo esta entre 276-278 graus
centigrados € um p6 amarelo puro translicido e cristalino, é levemente solGvel em dgua, mas
possui propriedades hidrofébicas o que acontece por causa de sua estrutura de difenilpropano é
altamente solGvel em etanol quente e éter dietilico (CALDERON-MONTANO et al., 2011;
PUBCHEM DATABASE, 2020).

O kaempferol é um flavonol encontrado em diversas partes de plantas, como folhas,
flores e sementes; e esta presente em alguns vegetais, a saber: o repolho, feijao, morangos, uvas,
brécolis, groselha, tomates, frutas citricas, entre outros. Pode ser encontrado também em plantas

usadas na medicina tradicional como o Ginkgo biloba. As principais propriedades conhecidas
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do kaempferol sdo: anti-inflamatdria, antioxidante, antitumorais, antidiabético, fungdo

cardioprotetora, antimicrobiana, neuroprotecdo, além de apresentar potencial acdo anti-
carcinogénico (CALDERON-MONTANO et al., 2011; REN et al., 2019).

Foram desenvolvidos vérios estudos procurando elucidar as propriedades do kaempferol
na saude e sua propriedade mais notavel e estudada é a de seus efeitos anti-inflamatorio e
antioxidante, reduzindo o estresse oxidativo, logo apds se destacam os estudos relacionados ao
combate de diversos tipos de cancer. Em recente revisao Ren e col, 2019 desenvolveram um
estudo acerca das propriedades do mesmo e viram que o kaempferol pode ainda, atuar na
protecdo do nervo craniano, contra lesdes no figado, doengas metabdlicas, endotélio vascular,
manutencdo da funcdo cardiaca. Porém, os mecanismos envolvidos nessa protecdo ainda nao
sdo totalmente compreendidos; assim, mais estudos sdo necessarios (PUBCHEM DATABASE,
2020; REN et al., 2019).

Figura 1 - Resumo das principais fun¢des do Kaempferol

Fonte: A autora.

Em recente revisdo Wong, Chin, Ima-Nirwana (2019) fizeram um apanhado de uma
série de estudos usando modelos animais e in vitro para elencar os efeitos de protecdo 6ssea
promovidos pelo kaempferol em ratos recém nascidos, ratas ovariectomizadas com osteoporose

pOs-menopausa, com osteoporose induzida por glicocorticoides e até modelos de fraturas
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6sseas. Os principais mecanismos de protecdo ¢ssea de forma geral seriam o de prote¢do do

metabolismo osteoblasto-osteoclasto, supressdo da inflamacéo, auxilio no controle do estresse

oxidativo e diminuicdo da adipogénese.

Além disso outras facetas também foram descobertas nos estudos in vitro como a
diferenciacdo e mineralizacdo Ossea de células pré-osteoblasticas, aumento da expressdo de
proteinas relacionadas ao metabolismo ésseo, como Runx-2, OSX e BSP (todos esses genes
estdo relacionados com o metabolismo désseo, especialmente aos osteoblastos). Ja em estudos
em modelo animal foram observados aumento na area e nimero de osteoblastos, e protecdo da
morfologia &ssea, inibindo assim a osteopenia, dessa forma promovendo a protecdo da
arquitetura 6ssea de fémur e tibia (WONG; CHIN; IMA-NIRWANA, 2019).

Em estudo realizado com ratas Sprague-Dawley ovariectomizadas usando solucées de
0,2 a 50 uM, o kaempferol apresentou agdo anti-osteoclastogénica, ou seja, impede o
desenvolvimento e diferenciacdo dos osteoclastos. O grupo tratado com o kaempferol obteve
ainda o aumento da densidade mineral 6ssea (DMO) (TRIVEDI et al., 2008), o que pode ser
positivo para quadros clinicos em que que o individuo apresente osteopenia, como é o0 caso de

individuos com PC.

Ainda, em um estudo realizado em celulas humanas de osteosarcoma (U-2 OS Line) o
kaempferol inibiu a proliferacdo de células de osteosarcoma in vivo e in vitro (Huang et al.,
2010). O kaempferol combinado com outro flavonoide a quercetina em concentracdes variando
de 0,1 a 100 microM apresentaram uma eficiente acao na reducéo da absor¢do 6ssea de maneira
dependente tempo e dose in vitro (WATTEL et al., 2003).

Pacientes acometidos com algum distdrbio que culmine em uma deficiéncia motora
(como é o caso da PC) apresentam o risco elevado de fraturas em decoerréncia disso, tém baixo
indice de massa Ossea e de DMO, posseum ainda, peso reduzido, e assim, hd o
comprometimento da forca muscular (HENDERSON, 2005). Sendo assim, o estudo de
estratégias de intervencdo terapéuticas, como o uso do kaempferol sdo validas para a
compreensdo dessas doencgas ou quadros clinicos e descoberta de novas formas de tratamento

da paralisia cerebral.
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3 HIPOTESE

O Kaempferol administrado no periodo neonatal diminui a osteopenia de fémur e tibia

em ratos submetidos a paralisia cerebral experimental.
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4 OBJETIVOS

4.1 Objetivo Geral:

Avaliar o efeito do tratamento neonatal com kaempferol em ratos submetidos a

paralisia cerebral experimental sobre parametros morfoldgicos 6sseos.

4.2 Obijetivos especificos:

A. Realizar a analise da caracterizacdo somatica: peso corporal, comprimento naso-anal e
caudal dos animais;

B. Aferir peso e comprimento absoluto e relativo do fémur e tibia;

C. Avaliar a densidade 6ssea radiografica atraves de radiologia digital de regiGes do fémur
(cabeca, colo femoral, epifises e diafise) e tibia (epifises e diafise);

D. Analisar a morfologia macroscopica e microscopica (histomorfometrica) do fémur e da
tibia.
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5 MATERIAL E METODOS

5.1 Questdes éticas

O presente projeto foi submetido a Comisso de Etica em Uso animal (CEUA) da
UFPE e aprovado sob o Processo n° 0063/2019 e seguiu as normas do Conselho Nacional
de Controle e Experimentacdo Animal (CONCEA), de acordo com a lei 11.794 de 8 de
outubro de 2008, bem como as normas internacionais estabelecidas pelo National Institute
of Health Guide for Care and Use of Laboratory Animals.

5.2 Animais e Grupos experimentais

Foram utilizados 48 ratos machos da linhagem Wistar, provenientes de 20 ratas,
mantidos no biotério de experimentacdo do Departamento de Nutricdo da UFPE com
temperatura de 22 * 2°C, ciclo claro-escuro de 12/12 horas (luz 20:00h as 08:00h), os animais
foram alojados em gaiolas coletivas de polipropileno (49X34X16cm) e livre acesso a agua
purificada e alimentacdo com dieta padrdo de biotério (Labina®). O biotério possui exaustor
para reducdo dos odores de urina e fezes. Apds a confirmacao da gestacdo, atraves da técnica

de esfregaco vaginal, as fémeas foram alojadas em gaiolas individuais.

Apo0s o nascimento os filhotes foram ajustados para oito filhotes por ninhada, com peso
entre 6-8 gramas no primeiro dia pos-natal, permanecendo com suas respectivas genitoras
durante o periodo de lactacdo, sendo ainda nesse periodo distribuidos de forma aleatdria nos
subgrupos (figura 2): a) Controle Placebo (CP; n=12), b) Controle Kaempferol (CK; n=12), c)
Paralisia Cerebral Placebo (PCP; n=12), d) Paralisia Cerebral Kaempferol (PCK; n=12). Ap6s
o desmame (P25), os animais foram separados em gaiolas individuais (3-4 animais por gaiola)
até os 36° dia de vida pds-natal, quando foram eutanasiados para coleta de tecidos (ver figura

dois para desenho experimental).



Figura 2- Desenho experimental dos grupos e tratamento.
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A composicdo dos grupos estd de acordo com intervencdo com Kaempferol ou placebo e modelo de paralisia
cerebral ou controle. C+P (Controle + Placebo); C+K (Controle + Kaempferol); PC+P (Paralisia Cerebral +

Placebo,) e PC+K (Paralisia Cerebral + Kaempferol). Fonte: a autora.

5.3 Paralisia cerebral experimental

Os filhotes dos grupos PC+P e PC+K foram submetidos ao modelo experimental
de paralisia cerebral adaptado por Strata et al., 2004 e COQ. et al., 2008. Este modelo
associou a anoxia perinatal a um modelo de restricdo sensorio-motora dos membros
inferiores semelhante a falta de movimento ocorrida na PC. Ao nascerem, os filhotes foram
submetidos a dois episddios de anoxia, no PO (dia do nascimento) e P1(dia um de vida). O
método de anoxia perinatal utiliza uma caAmara em banho-maria aos 37°C onde 0s animais
sdo expostos a uma ventilacdo de nitrogénio por 12 minutos (N 100%, 9L/min). Do P2 ao
P28 foi realizada a restricdo sensdrio-motora das patas posteriores usando fita micropore,
esparadrapo e molde feito de epOxi durante 16 horas por dia e nas 8 horas restantes, a livre
movimentacdo do animal foi permitida. O processo de imobilizagdo dos membros é feito

de forma que seja permitido apenas movimentos limitados da articulagdo do quadril,
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deixando os membros posteriores estendidos, sem que a eliminacéo de urina e fezes e 0s

cuidados maternos sejam prejudicados (STRATA et al., 2004; COQ. et al., 2008; SILVA
et al., 2016).

Figura 3 - Materiais utilizados no protocolo de paralisia experimental.

A. Cilindro de Nitrogénio; B. Banho-maria; C. Camara de anoxia, D. Animal imobilizado. E. Orteses.
Fonte: A autora.

5.4 Tratamento com kaempferol ou placebo

Os filhotes dos grupos CK e PCK receberam, durante os primeiros 21 dias de vida pds-
natal, o tratamento com Kaempferol (Cayman Chemical, Ann Arbor, MI, USA) foi aplicado
1mg/Kg, com volume de aplicacdo de 1 pl/g. Utilizou-se DMSO (dimetilsulfoxido ou sulféxido
de dimetilo) para dissolver o kaempferol e preparar solucdo estoque obtida pela mistura de
50mg de kaempferol e S5Sml de dimetilsulfoxido (DMSO) (m/v), aliquotas de 20ul que foram
mantidas a -80°C em tubos eppendorfs identificados e protegidos da luz. No dia da aplicacdo
foram acrescidos 1980ul de solugdo salina comercial a aliquota, obtendo um volume final de
2ml. Desta mistura, foram preparadas seringas com volumes (1ml/100g) de acordo com 0 peso
de cada animal. O kaempferol foi aplicado via intraperitoneal (Lagoa et al., 2009). Os filhotes
dos grupos CP e PCP receberam, durante os primeiros 21 dias de vida pds-natal veiculo salina
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+ DMSO (0,9% NaCl, via intraperitoneal), ver figura 4 para compreensédo do delineamento do

estudo.

Figura 4 - Resumo delineamento experimental durante o periodo experimental.

Aplicagdo de kaempferol ou
placebo

Eutandsia

2 g 14 17 21 28 30 36

Restrigdo sensorio-motora

caracterizacao
somatica

Fonte: A autora.

5.5 Analises experimentais

5.5.1 Caracterizacado somatica

5.5.1.1 Peso corporal

O peso corporal dos filhotes foi registrado ao nascimento, e nos dias P1 a 21, P28

e P36 dias de vida com balanca de precisdo Marte (AD 2000).

5.5.1.2 Comprimento naso-anal

O comprimento naso-anal foi avaliado nos dias 1, 7, 14, 21, 28 e 36 com o auxilio de
um paquimetro digital JOMARCA ®). A distancia em milimetros entre o focinho e a base
da cauda do animal foi medida. O animal foi comprimido suavemente em uma superficie
lisa e plana, entdo foram feitas marcaces com caneta, foi medida a distancia em milimetros

entre essas marcac;f)es.

5.5.1.3 Comprimento caudal:

O comprimento da cauda dos filhotes também foi avaliado nos dias 1, 7, 14, 21, 28 e
36 com o auxilio de um paquimetro digital JOMARCA ®). Foi realizada a marcacdo com
caneta da base da cauda e da sua extremidade, e a distancia em milimetros entre essas

marcacdes foi medida.
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5.5.2 Afericao do peso e comprimento do fémur e tibia

No 36° dia p6s-natal (P36) os animais foram eutanasiados por perfusdo transcardiaca e
os ossos foram coletados. Apés a disseccdo, 0s 0ssos da tibia e fémur direitos foram
imediatamente pesados em uma balanca de preciséo de 0,01 g (Marte AD 330). O comprimento
total dos ossos da tibia e do fémur foram aferidos utilizando um paquimetro digital (Jomarca

®) com uma precisao de 0,01 mm. Sobre superficie lisa com sua face ventral voltada para cima.

5.5.3 Analises radiograficas de fémur e tibia

Os fémures e tibias direitos foram alinhados na placa de fosforo e radiografados (figura
5). Todas as imagens foram adquiridas utilizando o aparelho de raios X Heliodent Plus (Sirona
Dental Systems, Bensheim, Alemanha) operando a 70kVp e grafico 7mA e o sistema digital
intraoral Express (Instrumentarium, Tuusula, Finlandia). Placas de fosforo Digime Optime®
(Soredex, Helsinki, Finlandia) foram utilizadas para a realizacdo de radiografias digitais. O
tempo de exposicdo foi padronizado em 0,10 segundos e a distancia utilizada foi padronizada
em 30 cm de altura com dispositivo sensor de foco de acrilico para todos os exames
radiograficos. Os espécimes, bloco de chumbo e penetrémetro (contendo 8 graus, com intervalo
de 1 mm entre eles) foram sempre colocados na placa de fésforo na mesma posicdo conforme

protocolo adaptado de De Marcelos et al. (2015).

As imagens foram salvas no formato PNG e exportadas para o programa ImageJ (U.S.
National Institutes of Health, Bethesda, Maryland, EUA) onde foram medidos os valores de
pixel de cada grau do penetrometro e da area de regides 0sseas de interesse do fémur (cabeca,
colo, epifises e diafise) e da tibia (epifises e diafises). Uma curva foi preparada por meio de um
gréfico de dispersao com valores de pixel versus o mmAl correspondente. Assim, obteve-se o
valor em mmAl das regides analisadas. Os dados foram tabulados no programa Microsoft Office
Excel 2016 em uma planilha para cada imagem radiografica. Essas avaliacGes radiograficas

foram feitas por um Unico avaliador previamente calibrado.
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Figura 5 - A- Equipamento radiografico. B- Exemplo de radiografia.

Fonte: A autora

5.5.4 Andlise histologica e histomorfométrica de fémur e tibia

As tibias e fémures esquerdos foram dissecados e fixados em solugéo de formol a 10%
por dois dias e depois lavadas em solucéo tampédo de PBS. Foram entdo incluidos em solucao
descalcificadora EDTA (&acido etilenodiamino tetra-acético) sendo colocadas em uma mesa
agitadora por aproximadamente dois meses, quando constatada a descalcificacdo, a solucéo de
EDTA foi descartada, 0s 0ssos lavados novamente em PBS e armazenados em solucéo de alcool
a 70% até a realizacdo do processamento histologico. Posteriormente, as pecas foram
desidratadas com solucdes crescentes de alcool 70%, diafanizadas em alcool xilol, depois xilol

e incluidas em parafina.

Para a analise histomorfométrica foram utilizados cortes transversais da diéfise da tibia
e do fémur de cada animal. As laminas foram coradas por Hematoxilina / Eosina (HE) e
analisadas por microscopia de luz utilizando uma camera digital Tucsen 1ISH1000 acoplada a
um microscopio éptico Nikon eclipse E200 sob foco fixo e clareza de campo, utilizando o
software ISCAPTURE 4.1.3, nesses cortes, a espessura do 0sso cortical e area medular foi
analisada por meio da aquisicdo de imagens das didfises com aumento final de 40x Foram
efetuadas trés e quatro medicBes em cada corte histolégico, respectivamente, na tibia e no

fémur, priorizando as regifes superior, inferior e lateral de cada corte (adaptado de
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CARVALHO et al., 2010). Para determinar a espessura, 0 0sso cortical foi medido desde a

superficie periosteal até a superficie endosteal utilizando-se o programa ImageJ (U.S. National
Institutes of Health, Bethesda, Maryland, EUA) adequadamente calibrado. Quanto a analise
histologica, foram feitas aquisicdo de imagens conforme descrito acima da regido da diafise da
tibia para analise do nimero de lacunas de ostedcitos por campo e area das células, que foram
analisadas no aumento final de 400x utilizando-se o programa ImageJ (U.S. National Institutes

of Health, Bethesda, Maryland, EUA) adequadamente calibrado.

5.6 Analise dos dados

Os resultados foram expressos como média + e.p.m. (erro padrdo da média). A analise
de normalidade da amostra foi realizada por meio do teste de Kolmogorov-Smirnov. Para 0s
dados considerados paramétricos, a comparacdo entre os grupos foi realizada por meio do
ANOVA two way ou two way medidas repetidas, seguidos do pds-teste de Tukey. Quando foram
ndo parametricos foi realizado o teste de Kruskal-Wallis, seguido do pds-teste de Dunn’s. As
analises foram realizadas no GraphPad PRISM 7 ® (GraphPad Software, Inc., La Jolla, CA,

USA) e o nivel de significancia considerado foi de p<0,05.
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6 RESULTADOS E DISCUSSAO

Os resultados e a discusséo estdo apresentados em forma de artigo original, com
posterior submissdo a Revista BMC Musculoskeletal Disorders / B1 Nutrigdo — esta redigido,
portanto, de acordo com as normas previstas pela Revista [Ver Apéndice A].

“A kaempferol treatment during early life causes increase of body weight, naso-anal

length and enlargement of osteocyte lacunae in bone of rats with experimental cerebral

palsy”
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7 CONSIDERACOES FINAIS

Em resumo, os nossos dados mostram que o modelo de paralisia cerebral reduziu
drasticamente o desenvolvimento dos animais no que diz respeito ao peso corporal,
comprimento naso-anal, levou também a alteragdes nos 0ssos estudados fémur e tibia, como a
reducdo do peso absoluto e comprimento, reducdo da espessura cortical e da area medular, e
apresentou diminuicéo da radiopacidade ¢ssea e por fim, menor area de lacunas. E o tratamento
com kaempferol atenuou os efeitos relativos ao peso corporal e comprimento naso-anal, bem
como histologicamente pode observar o aumento da area e do nimero de lacunas. S&o
necessarios mais estudos para verificar se esta melhoria no desenvolvimento 6sseo pode ser

ampliada ao longo do tempo.
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ABSTRACT

Background: We sought to evaluate the effect of neonatal treatment with kaempferol
in rats submitted to experimental cerebral palsy (CP) on physical characteristics,
macroscopic morphometry, bone radiopacity, and microscopic analysis of the cortical
bone.

Methods: Male Wistar rats distributed in the subgroups were used: a) Placebo Control
(C+P), b) Kaempferol Control (C+K), c) Placebo Cerebral Palsy (CP+P), d) Kaempferol
Cerebral Palsy (CP+K). The CP model consisted of the association of perinatal anoxia
and sensory motor restriction of the hind legs. After weaning (P25), the animals were
separated in cages until the 36th day of postnatal life, when they were euthanized to
collect bone, femur and tibia tissues and weight, length and bone histomorphometry
and radiographs were performed. Statistical analysis was used considering a 5%
significance level.
Results: Our results suggests that in P36 the induction of experimental CP promoted
the following results: decreased in body weight and naso-anal length, reduction of
absolute weight and size of tibia and femur, reduction of cortical thickness and
medullar area, higher density lacunar and lower area of lacunae, reduced the bone
radiopacity of the analyzed regions of the femur and tibia. On the data of the animals

submitted to CP and that received treatment with kaempferol compared to the CP
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group that received placebo suggest that in P36 (CP+K vs. CP+P) we have the

following results: increase in body weight and naso-anal length and increase in density
of lacunae and area of lacunae.
Conclusion: In summary our data show that the cerebral palsy model has drastically
reduced the development of the animals with respect to decreased in body weight and
naso-anal length, reduction of absolute weight and size of tibia and femur, reduction
of cortical thickness and medullar area, lower area of lacunae, reduced the bone
radiopacity of the analyzed regions of the femur and tibia, and that the treatment with
kaempferol has attenuated the effects concerning body weight and naso-anal length,
as well as histologically can observe the increase in the area and number of lacunae.
More studies are necessary to verify if this improvement in bone development can be

extended over time.

Key-words: cerebral palsy; 3.5.7-Trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one;

flavonoid; bone; tibia; femur".

BACKGROUND

Cerebral palsy is one of the most common motor disabilities in childhood
developmental. Is a group of disorders that culminate in limitations in movement and
posture of committed individuals, these disorders are related to damage that affects
the developing brain (1-3). Commonly, children with CP are likely to present low-
impact fractures and, hypertension, muscle weakness and decreased bone mineral
density (4,5). In developed countries CP has an estimated average rate of 3 for every
1,000 live births and in underdeveloped countries this figure can come to 7 for every

1000 live births(2,6,7).
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The poor nutritional status of individuals with CP can be associated with

retardation in motor development that can further compromise bone tissue
development (8,9). There are few early treatment strategies for CP, so we highlight the
pharmacological or flavonoid supplementation treatment, that has been extensively
studied regarding the maintenance of brain health (10), prevention of
neurodegenerative diseases and also osteoporosis (11). Flavonoids have been
studied with respect to improvement in bone metabolism (osteogenic capacity), and

increase in bone mineral density(12,13).

Kaempferol is a flavonoid compound that presents several functions associated
with bone protection and decreased osteopenia. In studies on models of osteoporosis
induced by ovariectomy and models of bone fractures it was observed that the use of
kaempferol promoted bone protection (14), increased bone mineral density (15). Thus,
the study of therapeutic intervention strategies, such as the use of kaempferol are valid
for the understanding of the clinical conditions and the discovery of new forms of

cerebral palsy treatment.

The being is the result of the interaction of his set of genes with the environment
in which he is inserted, as a bioproduct of this operation we have the phenotype.
Several changes can occur in the initial periods of an individual's life and lead to
changes in the functional and metabolic structure of the individual (16—18). Thus, the
individuals have in the perinatal period an optimal critical window for the realization of
interventions. Therefore, researchers have been studying extensively the phenotype
of phenotypic plasticity, phenotypic plasticity can be defined as a phenomenon in which
a genotype exposed to different environmental conditions can come to originate

different phenotypes. These adaptive responses are also called "plastic responses”
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where this individual can alter his morphology, activity rate and physiological or

behavioral state(19,20).

In rodent models of cerebral palsy reduction of body weight, food consumption,
reduction of locomotor activity compared to control animals are observed (21,22). In
this context our objective was to evaluate if kaempferol administered in the in early
period reduces the damages caused by CP experimental in what concerns bone

metabolism and physical characteristics of male Wistar rats.

METHODS

Ethics statement

All animal experiments were conducted in accordance with guidelines from
Animal Research: National Council for Animal Control and Experimentation
(CONCEA), in accordance with law 11.794 of 8 October 2008, as well as international
standards established by the National Institute of Health Guide for Care and Use of
Laboratory Animals and the ethics committee for animal use (CEUA) of Universidade

Federal de Pernambuco.

Animals

48 male Wistar rats were used. from 20 rats, kept in a bioterium at the UFPE
Department of Nutrition with a temperature of 22 + 2°C. light-dark cycle from 12/12
hours (light 20: 00h to 08: 00h), the animals were housed in groups polypropylene
cages (49X34X16cm) and free access to purified water and feeding with a standard

diet (Labina®). The bioterium has an exhaust fan to reduce the odor of urine and feces.

After confirmation of pregnancy the females were housed in individual cages.

After birth the pups were adjusted to eight pups per litter, weighing between 6-8 grams
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on the first postnatal day, remaining with their respective mothers during the lactation

period. In each litter the animals are randomly assigned to the 4 experimental groups
according to CP induction and treatment with kaempferol: they have been distributed
in the following subgroups: a) Control placebo (C+P; n= 12), b) Control Kaempferol
(C+K; n=12), c) Cerebral palsy placebo (CP+P; n=12), d) Cerebral Palsy Kaempferol
(CP+K; n= 12). After weaning (P25). the animals were separated in individual cages
(3-4 animals per cage) until the 36th day of postnatal life (P36) when they were

euthanized for tissue collection.

Experimental Model of CP

The pups of the CP+P and CP+K groups were submitted to the experimental
model of cerebral palsy adapted by Strata et al., 2004 and COQ. et al., 2008. This
model associated perinatal anoxia with a model of sensorimotor restriction of the lower
limbs similar to the lack of movement that occurred in CP. At birth, the pups were
subjected to two episodes of anoxia. at PO (day of birth) and P1 (day one of life). The
perinatal anoxia method uses a chamber in a water bath at 37°C where the animals
are exposed to nitrogen ventilation for 12 minutes (100% N. 9L/min). From P2 to P28,
sensorimotor restriction of the hind legs was performed using micropore tape and
epoxy mold for 16 hours a day, during the rest of day the free movement was allowed

(23,24).

Treatment with kaempferol or placebo

During the first 21 days of postnatal life (P1 to P21) the pups from groups C+K
and CP+K received treatment with Kaempferol (Cayman Chemical. Ann Arbor. MI.
USA), was applied 1mg/Kg, with an application volume of 1 yu/g. DMSO (dimethyl

sulfoxide) was used to dilute the stock solution and preparing kaempferol obtained by
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mixing 50mg of kaempferol and 5ml of dimethylsulfoxide (DMSQO) (m/v), 20ul aliquots

that was kept at -80 ° C in eppendorfs identified and protected from light. On the day
of application. 1980ul of commercial saline was added to the aliquot, obtaining a final
volume of 2ml. Accordingly, syringes were prepared with volumes (1ml / 100g)
according to the weight of each animal. The kaempferol and placebo was administered
intraperitoneally (25). The pups of the CP and CP+P groups received. during the first

21 days of postnatal life. saline + DMSO (0.9% NaCl intraperitoneally).

Experimental analysis

Measurement of Body Weight. naso-anal and tail length

The pups body weight was recorded at birth, and on days P1 to 21, P28 and
P36 days of life with precision balance Marte (AD 2000). The naso-anal and tail lengths
of the pups were also evaluated on days 1, 7, 14, 21, 28 and 36 with Digital calliper

(Jomarca ®).

Measurement of the weight and length of the femur and tibia bone’s

After dissection. the bone of the right tibia and femur were immediately weighed
on a precision balance of 0.01 g (Marte AD 330). The total length of the bones of the
tibia and femur were measured using a digital caliper (Jomarca ®) with an accuracy of

0.01 mm on a smooth surface with its ventral face facing upwards.

Radiopacity analysis

The right femur and tibia were aligned and scanned on the phosphorus plate
and radiographed. All images were acquired using the Heliodent Plus X-ray machine
(Sirona Dental Systems. Bensheim, Germany) operating at 70kVp and 7mA graph and

the Express intraoral digital system (Instrumentarium, Tuusula, Finland). Digime
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Optime® phosphor plates (Soredex. Helsinki. Finland) were used to perform digital

radiographs. The exposure time (ET) was standardized in 0.10 seconds. The distance
used was standardized at a height of 30 cm with an acrylic focus-sensor device for all
radiographic exams. The specimens, lead block and penetrometer (containing 8
degrees. with an interval of 1 mm between them) were always placed on the phosphor

plate in the same position.

The images were saved in PNG format and exported to the ImageJ program
(U.S. National Institutes of Health. Bethesda. Maryland. USA, version 1.50i) in which
the pixel values of each degree of the penetrometer and the area of bone regions of
the femur (head, neck, epiphysis and diaphysis) and tibia (epiphysis and diaphysis)
were measured. A curve was prepared using a scatter plot with pixel values versus the
corresponding mm AL (aluminum millimeters). Thus, the value in mm AL of the
analyzed regions was obtained. The data were tabulated in the Microsoft Office Excel
2016 program in a spreadsheet for each radiographic image. The radiographic

evaluations were made by a single, previously calibrated evaluator.

Histological and histomorphometric analysis

The left tibias and femurs were dissected and fixed in 10% formalin solution for
two days and then washed in PBS buffer solution. They were then included in an EDTA
(ethylenediaminetetraacetic acid) decalcifying solution and placed on a shaking table
for approximately two months. When decalcification was verified, the EDTA solution
was discarded, the bones were washed again in PBS and stored in a 70% alcohol
solution until histological processing. Subsequently, the pieces were dehydrated with
increasing solutions of 70% alcohol, diaphanized in xylol alcohol, then xylol and

embedded in paraffin.
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For histomorphometric analysis, cross sections of the tibial diaphysis and femur

of each animal were used. The slides were stained by Hematoxylin/Eosin (HE) and
analyzed by light microscopy using a Tucsen ISH1000 digital camera coupled to a
Nikon eclipse E200 optical microscope under fixed focus and field clarity, using
ISCAPTURE 4.1 software. 3 In these sections, cortical bone thickness and medullary
area were analyzed by imaging the diaphyses at a final magnification of 40x. Three
and four measurements were taken on each histological section, respectively, of the
tibia and femur, prioritizing the upper, lower, and lateral regions of each section. To
determine the thickness, the cortical bone was measured from the periosteal surface
to the endosteal surface using the appropriately calibrated ImageJ software (U.S.
National Institutes of Health, Bethesda, Maryland, USA). As for the histological
analysis, images of the region of the tibial diaphysis were acquired as described above
to analyze the number of osteocyte lacunae per field, area and perimeter of the cells,
which were analyzed at a final magnification of 400x using the ImageJ program (U.S.

National Institutes of Health, Bethesda, Maryland, USA) appropriately calibrated.

Statistical Analysis

The results were expressed as mean + S.E.M. (standard error of the mean).
The normality analysis of the sample was performed using the Kolmogorov-Smirnov
test. For the data considered parametric, the comparison between the groups was
performed using the ANOVA two way or two-way repeated measures, followed by the
Tukey post-test; when the data was non-parametric, the Kruskal-Wallis test was
performed, followed by the Dunn’s post-test. The analyzes were performed in
GraphPad 7® (GraphPad Software, Inc., La Jolla, CA, USA) e and the level of

significance considered was p <0.05.
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RESULTS

Physical characteristics

Body weight

In the evaluation of body weight (Figure 1) there was a statistical difference in
the postnatal days 21, 28 and 36 [F (3. 28) = 35.26; p <0.0001]. At 21 days of postnatal
life, it was observed that the weight of the CP+P animals was significantly lower when
compared to the weight of the animals of the C+P group (CP+P= 23.94+1.611 vs.
C+P=39.59+1.106, p<0.01). At 28 days of postnatal life was again observed that the
weight of the CP+P animals was lower compared to C+P (CP+P= 35.07+ 3.333 vs.
C+P=67.35 £ 2.339, p<0.0001). At 36 days of postnatal life the weight of the placebo
paralysis animals remained lower than the weight of the C+P animals (CP+P=63.43%

6.197 vs. C+P=115.5+ 8.025, p<0.0001).

It can be seen that the experimental cerebral palsy model significantly reduced
the animals’ weight. It was also observed an increase in body weight of animals CP+K
group compared to CP+P group. (CP+K= 76.40 £ 4.908 vs. CP+P= 63.43+ 6.197,
p<0.05) which demonstrates that the treatment with kaempferol was able to increase
the body weight of rats submitted to cerebral palsy. when compared with the placebo

cerebral palsy group.

Naso-anal length

In the assessment of naso-anal length (figure 1) there was a statistical
difference in the postnatal days 14. 21. 28 and 36 [F (3. 28) = 39.65; p <0.0001]. At 14
days of postnatal life. the length of the animals in the CP + P group was shorter when
compared to the C+P group (CP+P=74.77 £ 1.835 vs. C+P=82.84 £+ 1.549, p <0.05).

At 21 days, the length of the CP+P animals was shorter when compared to the C+P
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group (CP+P =86.00 £ 1.291 vs. C+P = 100.7 + 1.123, p <0.0001). At 28 and 36 days

the length of the animals in the CP+P group remained shorter when compared to the
C+P group. postnatal day 28 (CP+P=104.9 + 1.578 vs. C+P=117.2 + 2.482, p <0.001)
postnatal day 36 (CP+P= 124.7 £ 1.687 vs. C+P =144.5 £ 4.066, p <0.0001). These
data demonstrate that the cerebral palsy model was able to significantly decrease the

length of animals submitted to paralysis.

On day 36. anincrease in the length of the animals in the CP+K group compared
to the CP+P group was also observed (CP+K = 132.7 £ 2.296 vs. CP+P = 124.7 £
1.687, p <0.05). It is observed. therefore. that the neonatal treatment with kaempferol
was able to increase the naso-anal length of the animals submitted to cerebral palsy

when compared with the placebo group.

Tail length

Regarding the tail length of the animals that was evaluated on days 7, 14, 21,
28 and 36. (Figure 1) [F (3. 28) = 6.621; p = 00016]. There was significant difference
on the P21, P28 and 36. In P21 the differences are restricted to group CP+P compared
to C+K (CP+P 44.65+2.058 vs. C+K= 53.43£2.140). In P28 the differences were
between CP+K and C+K (CP+P=53.86+2.001 vs. C+K= 67.99+1.643) and between
CP+K and control groups (CP+K= 53.58+2.548 vs. C+P= 62.17+£1.765) and (CP+K=
53.58+2.548 vs. C+K=67.991+1.643). On the P36 the CP+P group shows a shorter talil
length than the C+P group (CP+ P = 64.67 £ 3.432 vs. C+P =75.42 + 3.428, p <0.01).
In relation to the cerebral palsy animals no significant differences were observed in the
pups tail length during the experiment, although a tendency to increase was observed

in the postnatal day 36.
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Figure 1: Physical characteristics- Body weight (A), naso-anal length (B) and caudal
length (C) of animals in the postnatal days 7, 14, 21, 28 and 36. The composition of
the groups is with intervention with Kaempferol or placebo and model of cerebral palsy
or control. C+P (Control + Placebo, n=8); C+K (Control + Kaempferol, n= 8); CP+P
(Cerebral Palsy + Placebo, n=8); CP+K (Cerebral Palsy + Kaempferol, n=8). The data
are presented in mean and standard error of the mean and were analyzed by the two-
way ANOVA test repeated measures followed by the post-hoc Tukey test. *=
differences between CP+P and C+P; **= differences between CP+K and C+K; #=

differences between CP+P and CP+K
Macroscopic morphometry

Femur Weight
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In the evaluation of the absolute weight of the femur (figure 2) there was a

statistical difference between the groups [F (3. 21)= 28.97, p <0.0001]. The CP+P
group had a lower absolute weight when compared to the C+P group (CP+P=0.2649
+ 0.01490 vs. C+P=0.4425+0.01057, p <0.0001) The CP+K group had lower absolute
weight when compared the C+K group (CP+K= 0.2998 + 0.02377 vs. C+K=0.4041 £
0.02185, p = 0.0006). These data demonstrate that cerebral palsy drastically reduces
the absolute femur weight of animals submitted to CP, there is also a tendency to
increase the absolute bone weight of the animals of the CP+K group compared to the
CP+P group. Regarding the relative weight (figure 2), no significant differences were

observed between the groups [F (3. 21) = 1.280. p = 0.3070].

Tibia Weight

In the evaluation of the absolute weight of the tibia (figure 2). there was a
statistical difference between the groups [F (3. 21) = 11.18; p= 0.0001]. The CP+P
group had lower tibial weight when compared to the C+P group (CP+P = 0.2158 +
0.01585 vs. C+P = 0.3368 + 0.01722, p= 0.0005). The CP+K group also had lower
absolute tibia weight when compared to C+K (CP+K=0.2443+0.02319 vs. C+K=
0.3223 + 0.009273, p = 0.0241). Demonstrating that cerebral palsy significantly
reduces the absolute tibial weight of the CP animals compared to the animals in the
control group. Regarding the absolute tibia weight of the CP groups. we can see a
tendency to increase in the kaempferol group when compared to the placebo group.
Regarding the relative weight (figure 9). there were no statistical differences between

the groups [p = 0.1812].
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Figure 2: Macroscopic evaluation- Absolute (A, B) and relative weight (C,D) of the
femur and tibia bones in P36. The composition of the groups is in agreement with
intervention with Kaempferol or placebo and model of cerebral palsy or control. C+P
(Control + Placebo, n=8); C+K (Control + Kaempferol, n= 8); CP+P (Cerebral Palsy +
Placebo, n=8); CP+K (Cerebral Palsy + Kaempferol, n=8). The data are presented in
mean and standard error of the mean and were analyzed by the two-way ANOVA test,
followed by the post-hoc Tukey test or by the Kruskal-Wallis test followed by the post-
hoc Dunn’s test. *= differences between CP+P and C+P; **= differences between

CP+K and C+K; #= differences between CP+P and CP+K

Femur Length

In the evaluation of the absolute length of the femur (figure 3). statistical
differences were observed between the groups [F (3. 21) = 37.98; p <0.0001]. The

CP+P group had a lower absolute length when compared to the C+P group (CP+P =
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19.02 £ 0.4555 vs. C+P=23.32+0.1796, p <0.0001). The CP+K group also had a lower

absolute length of the femur when compared as compared to C+K group also had
lower absolute length of the femur (CP+K= 19.54+0.5909 vs. C+K= 22.85+0.3755,
p<0.0001). The data demonstrate that experimental cerebral palsy decreases the
absolute length of the femur. when compared with the control groups. There were no
statistical differences between the CP+P and CP+K groups, but a slight improvement
trend related to animals treated with kaempferol (CP+K). In relation to the relative
length of the femur (figure 2), no statistical differences were observed between the

groups p = 0.2464.

Tibia Length

The data related to the absolute length of the tibia (figure 3) demonstrate
significant differences between the groups [F (3. 21) = 19.38; p<0.0001]. Itis observed
that the absolute tibial length of the animal’s CP+P was smaller when compared to the
group C+P (CP+P= 21.55+ 0.7307 vs. C+P= 26.75+ 0.4071, p<0.0001). The CP+K
group also had the lowest absolute length when compared to the C+K group
(CP+K=21.87+0.8632 vs. C+K=26.531£0.4748, p= 0.0003). This demonstrates that
cerebral palsy significantly reduces the absolute tibial length of animals compared to
control groups. The relative length did not show significant variation between the

groups.
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Figure 3: Macroscopic evaluation- Relative absolute length of the femur and tibia
bones in P36. The composition of the groups is in agreement with intervention with
Kaempferol or placebo and model of cerebral palsy or control. C+P (Control + Placebo,
n=8); C+K (Control + Kaempferol, n=8); CP+P (Cerebral Palsy + Placebo, n=8); CP+K
(Cerebral Palsy + Kaempferol, n=8). The data are presented in mean and standard
error of the mean and were analyzed by the two-way ANOVA test, followed by the
post-hoc Tukey test or by the Kruskal-Wallis test followed by the post-hoc Dunn’s test.
*= differences between CP+P and C+P; **= differences between CP+K and C+K; #=

differences between CP+P and CP+K

Radiopacity results

The data related to radiopacity of the femur regions (head, neck, epiphysis and
diaphysis) show differences between the cerebral palsy and control groups (see table

1). The CP+P group shows a decrease in radiopacity in all regions evaluated when
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compared to the C+P group in Tukey's multiple comparisons test; head (CP+P vs C+P

p: 0.0022), neck (CP+P vs C+P p: 0.0082), proximal epiphysis (CP+P vs C+P p:
0.0031), diaphysis (CP+P vs C+P p: 0.0068) and distal epiphysis (CP+P vs C+P
p:0.0005;). Differences are also observed when comparing the CP+K group with the
C+K group in the head of femur (CP+K vs C+K p:0.0069), neck (CP+K vs C+K
p:0.0086), proximal epiphysis (CP+K vs C+K p:0.0033), diaphysis (CP+K vs C+K

p:0.0044) and distal epiphysis (CP+K vs C+K p:0.0022).

Regarding the tibia (see table 2) the CP+P group also presents a decrease in
radiopacity in the evaluated regions (proximal epiphysis, diaphysis and distal
epiphysis) when compared to the C+P in Tukey's multiple comparisons test; proximal
epiphysis (CP+P vs C+P p: 0.0008), diaphysis (CP+P vs C+P p: 0.0063) and distal
epiphysis (CP+P vs C+P p: 0.0069;); likewise, the CP+K group presents a decrease
when compared to the control groups in the proximal epiphysis (CP+K vs C+K p:
0.0110). Regarding the experimental cerebral palsy groups (CP+P and CP+K), no
significant differences were observed between the groups in the analyzed regions.
These data show that the cerebral palsy model reduced the bone radiopacity of the
analyzed regions of the femur and tibia. likewise, no differences were observed

between the control groups.

GROUPS

C+P C+K CP+P CP+K F VALUE

Femurhead  0.85:0.058  0.86:0.037 0.540.044  059+0.068 I (3:15)=11.88
P=0.0003

Femurneck  0.84+0.056  0.92+¢0.059  0.57+0.035  0.65:0.068 & (3:15)=10.48
P=0.0006

Proximal F (3.15) =12.96
Eomhyeis 0.84+0.057  0.91#0.057  0.56£0.031  0.63+0.064 o

. . F (3.15) = 11.19
Diaphysis 0.86£0.054  0.92+0.070  0.59+0.031  0.64+0.064 )

Distal F (3.15) = 16.15
Eohysis 0.09:0.052  1.040.080  0.65:0.028  0.730.052 o
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Table 1: Evaluation of bone radiopacity of the femoral regions (head, femoral neck,

epiphysis and diaphysis). The composition of the groups is with intervention with
Kaempferol or placebo and model of cerebral palsy or control. C+P (Control + Placebo,
n=6); C+K (Control + Kaempferol, n=6); CP+P (Cerebral Palsy + Placebo, n=6); CP+K
(Cerebral Palsy + Kaempferol, n=6). The data are presented in average and standard
error of the mean and were analyzed by the two-way ANOVA test, followed by the

post-hoc Tukey test.

GROUPS
c+p C+K CP+P CP+K F VALUE
Proximal F (3.15)=13.01
Combyeis  085:0.058  085:0042 056:0.040 0.63:0.041 b
Diaphysis 0.87+0.063  0.78:0.028  0.58+0.068 057+0.061 I (3:15)=8.109
P=0.0019
Distal F (3.15)=7.208
Cophysis 09060060  0.77:0.033  0.58:0.086 0.58+0.067 )

Table 2: Evaluation of bone radiopacity of tibia regions (proximal epiphysis, diaphysis
and distal epiphysis). The composition of the groups is with intervention with
Kaempferol or placebo and model of cerebral palsy or control. C+P (Control + Placebo,
n=6); C+K (Control + Kaempferol, n=6); CP+P (Cerebral Palsy + Placebo, n=6); CP+K
(Cerebral Palsy + Kaempferol, n=6). The data are presented in mean and standard
error of the mean and were analyzed by the two-way ANOVA test, followed by the

post-hoc Tukey test.
Microscopic morphometry
Microscopic results of the cortical bone

Cortical thickness
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Regarding the cortical thickness of the femur, there are differences between the

groups [F (3, 18) = 8,996; P=0,0007] (see figure 4 and 5). The CP+P group presented
lower cortical thickness when compared to the C+P group (CP+P= 263,8 + 12,18 vs.
C+P = 367,5 20,72, p= 0,0034). The CP+K group also showed lower cortical
thickness when compared to the C+K (CP+K= 274,3 £16,29 vs. C+K = 354,5 + 12,91;
p= 0,0244). No significant difference is observed between CP groups although there

is a graphic tendency (p=0,9749).

Concerning the cortical thickness of the tibia, there are differences between the
groups [F (3. 21) = 10.77; P=0.0002] (see figure 4 and 5). The CP+P group showed
lower cortical thickness when compared to the C+P group (CP+P= 264.6 + 16.47 vs.
C+P =344.4 £12.15, p=0.0031). The CP+K group also showed lower cortical thickness
when compared to the C+K (CP+K=285.5 £13.69 vs. C+K =360.3 £9.539, p=0.0056).
No significant difference is observed between CP groups although there is a graphical

tendency (p=0.7184).

Medullar area

Referring to the medullary area of the femur it is possible to observe differences
between the groups [F (3. 18) = 10.43; P=0.0003] (see figure 4 and 5) The CP group
presented lower medullary area when compared to the C+P group (CP+P=
693403.8+40668.8 vs. C+P =1236174.3£146620.2, p=0.0083). The CP+K group also
showed smaller medullary area when compared to the C+K (CP+K=
716723.4+52492.7 vs. C+K=1329343.2+128968.3, p= 0.0030). No significant

difference was observed between the experimental cerebral palsy groups.

On the data of the medullary area of the tibia, it is possible to observe

differences between groups [F (3. 21) = 19.92; P<0.0001] (see figure 4 and 5) The
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CP+P group presented lower medullary area when compared to the C+P group

(CP+P= 398175.2 + 34840.3 vs. C+P =558913.3 = 27636.6, p=0.0002). The CP+K
group also showed a smaller medullary area when compared to the C+K (CP+K=
457521.3£39110.0 vs. C+K=608797.6+34307.1, p=0.0003). No significant difference
was observed between the experimental cerebral palsy groups. although a trend is

observed (p=0.2339).

Lacunar density

The data regarding the lacunar density are presented in figure 4, and is
illustrated in figure 6 show that there are statistical differences only between the groups
[Kruskal-Wallis statistic 16.79; p=0.0008]. CP+K and CP+P (CP+K=33.31+ 0.9280 vs.
CP+P=28.28+0.8015, p=0.0003); Between CP+P and control groups the difference
was not significant, although graphically there is a trend (C+P vs. CP+P, p: 0.7280;
C+K vs. CP+P, p: 0.1289), the same occurs between the CP+K group and controls

(C+P vs. CP+K, p: 0.0795; C+K vs. CP+K, p: 0.5051).

Lacunar area

The data related to the lacunar area are presented in figure 4, and is illustrated
in figure 6 show that there are differences between the groups [Kruskal-Wallis statistic
183.5; P<0.0001]. The CP+P group compared to the C+P control groups showed a
lower in the lacunae area (CP+P= 37.65+ 0.4377 vs. C+P = 44.77+0.4784, p<0.0001).
And the CP+K group also showed reduced lacunar area compared to C+K (CP+K=
39.59+0.4611 vs. C+K=44.70+0.4747, p<0.0001). A significant difference was
observed between the experimental cerebral palsy groups (CP+P=37.65+ 0.4377 vs.

CP+K= 39.59+0.4611. p=0.0110.
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Figure 4: Microscopic morphometry- (A,B)Cortical thickness, (C,D) medullar area,

lacunar density(E) and lacunar area(F) of femur and tibia in P36. The composition of

the groups is in agreement with intervention with Kaempferol or placebo and model of

cerebral palsy or control. Femur cortical thickness and medullar area: C+P (Control +

Placebo, n=7); C+K (Control + Kaempferol, n= 7); CP+P (Cerebral Palsy + Placebo,

n=7); CP+K (Cerebral Palsy + Kaempferol, n=7). Other data: C+P (Control + Placebo,

n=8); C+K (Control + Kaempferol, n=8); CP+P (Cerebral Palsy + Placebo, n=8); CP+K

(Cerebral Palsy + Kaempferol, n=8). The data are presented in mean and standard

error of the mean and were analyzed by the two-way ANOVA test, followed by the

post-hoc Tukey test or by the Kruskal-Wallis test followed by the post-hoc Dunn’s test.

*= differences between CP+P and C+P; **= differences between CP+K and C+K; #=

differences between CP+P and CP+K.
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Figure 6- Microscopic morphometry- Photomicrograph demonstrating the parameters

evaluated in the lacunar density and lacunar area analysis (400x).

Discussion
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As far as we know, this was the first study to evaluate in rats submitted to CP

experimental (perinatal anoxia combined with sensory-motor restricted hind paws) the
effects of neonatal treatment with kaempferol on body weight, naso-anal and caudal
length, bone length and weight, as well as analyses of the radiopacity of areas of the
femur and tibia and histomorphometry analyses of the cortical bone region. Our results
suggests that in P36 the induction of experimental CP promoted the following results:
decreased in body weight and naso-anal length, reduction of absolute weight and size
of tibia and femur, reduction of cortical thickness and medullar area, reduced the bone

radiopacity of the analyzed regions of the femur and tibia and lower area of lacunae.

On the data of the animals submitted to CP and that received treatment with
kaempferol compared to the CP group that received placebo suggest that in P36
(CP+K vs. CP+P) we have the following results: increase in body weight and naso-
anal length and increase in density and lacunar area. Regarding the other parameters
there are no statistical differences between the groups, although there is a small
tendency of improvement of CP+K. These data show that the cerebral palsy model
has drastically reduced the growth of the animals and that the treatment with
kaempferol has attenuated the effects concerning body weight and naso-anal length,

as well as histologically can observe the increase in the area of lacunae.

The experimental model of CP limited the body weight gain of animals, when
compared with the control groups, this result corroborates with the results of previous
studies using the same model of CP (21,23,26), are also in accordance with the results
presented by other studies that evaluated the impact of different models of CP (23,27).
This reduction in weight gain can be explained by the process of restriction of the own
members of the model that reproduces the CP damages. In addition, animals

submitted to CP notably present suction problems and difficulties in masticatory
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movements (21). Thus, it is believed that the limitation in weight gain of CP animals

occurs by the combination of perinatal anoxia and sensory-motor restriction and the

difficulties added to the feeding process of paralytic rats.

After kaempferol administration an attenuation in body weight loss can be
observed and increasing the naso-anal length of CP animals, which corroborates with
the results of Chaves 2020 in which rats treated with kaempferol showed an increase
in body weight after weaning, and with another study (25) in which animals subjected
to a model of striatal degeneration by 3-Nitropropionic acid presented several positive
changes, such as the prevention of the appearance of injury, decreased mortality and
decreased weight loss in animals. In contrast, in other studies kaempferol did not

improve the body weight (28).

Children with cerebral palsy commonly have an alimentary deficit, which is
associated with a worsening in health and growth (29), which can be reflected in health
and bone development. On the absolute weight and length of the femur and tibia
bones, it was possible to observe that the CP+P and CP+K groups presented a
decrease in the parameters evaluated in comparison to the control group, which was
expected due to the induction of experimental CP, this model that combines anoxia
with restriction of the hind limbs which can result in a decrease in limb development, a
study conducted with the same model of CP presents data that demonstrate that the
performance of rats with CP is negatively affected in tests of locomotor activity in

comparison to control animals (26).

Also, according to another study, the immobilization process of the limbs is
capable of inducing the decrease of bone formation, this is mainly due to the loss of

minerals and calcium content, in addition, trabecular bone loss and decrease in bone
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length and diameter were demonstrated (30). Until the age assessed P36, treatment

with kaempferol was not able to significantly increase the absolute weight and length
of the femur and tibia of animals subjected to the cerebral palsy model, although a
small improvement is observed, we believe that monitoring the animals to a higher age

is necessary for analysis.

The delicate balance between reabsorption and bone formation is influenced by
several factors, among them, nutrition and the level of physical activity or
immobilization process to which the bone system is exposed. Children with cerebral
palsy have several eating disorders and impaired growth which can influence bone
development. (31). Bone density in cerebral palsy is extensively impaired. Imaging
tests allow a faster and more adequate identification of skeletal damage caused by CP

in human patients, as well as help to develop the appropriate treatment strategy (32).

Our data on the radiopacity of areas show that there was a decrease in the bone
radiographic density of CP animals in the regions analyzed in comparison with the
control groups. Although a small trend is observed, this is in agreement with the data
published in human studies, which show the fact that cerebral palsy is associated with

osteoporosis and osteopenia (33).

Children with CP generally have inadequate levels of nutrients that are essential
for bone health, such as calcium, vitamin D and phosphorus, also associated with a
deficient nutritional status that can compromise bone development more severely
(8,34) there was no significant improvement with kaempferol treatment in paralytic

animals in relation to control animals.

Neurological diseases have a major impact on health and quality of life and can

negatively affect bone health (35). Cerebral palsy is usually one of the main causes of
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osteopenia in childhood (36). Osteopenia refers to a bone density below normal, but

not as low as osteoporosis (37).

Our data suggest that the CP+P and CP+K groups present decreased cortical
and medullary thickness of the femur and tibia when compared to the control groups,
which is in accordance with other studies in which the immobilization of the hind limbs
leads to a decrease in the immobilized limbs proven by changes in bone mass and
histology in addition to the diminution of the weight of bone ash compared to the control
groups (30,38,39), still in a recent observational study it is possible to relate this result
to the clinical picture of CP, in which the affected patients present an increased risk of
fractures, due to the low bone mineral density common to the disorder (40). It was not
possible to observe any significant difference between the groups CP+P and CP+K in

the parameters evaluated.

Regarding histology, it was possible to observe a small decrease in osteocyte
density in the CP+P group compared to the controls, but it was not significant at the
evaluated age (P36), this can be explained perhaps by the fact that our experiment
performs the restriction of hind limbs in the animals until P28, the last week of life (P29-
36) of the animals is allowed free movement in the cage. An interesting fact of our
study was that the CP+K group showed a significant increase in the number of
osteocytes compared to the placebo cerebral palsy group. This indicates an increase
in bone differentiation of osteoblasts into ostocytes, an increase in osteocyte density
is related to the process of differentiation of osteoblasts into osteocytes which

corroborates with other authors presenting kaempferol with osteogenic potential.(41).

The lacunar area of the animals varied significantly among the groups; the

animals submitted to experimental paralysis had the smallest lacunar area compared
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to the animals of the control group. CP+K animals, which were treated with kaempferol

showed a larger lacunar area compared to the paralysis group treated with placebo
only, which demonstrates that treatment with kaempferol also stimulated the bone
formation process, which is also observed in a study with post-menopausal
osteoporosis models (42), the mechanisms by which kaempferol promotes
osteogenesis are still unclear, more studies are necessary for this elucidation, butin a
recent study Zhao and collaborators (43) using bone marrow mesenchymal stem cells
declared that this process can occur through the signaling of the mTOR signaling

pathway.
CONCLUSIONS

In summary our data show that the cerebral palsy model has drastically reduced
the development of the animals with respect to decreased in body weight and naso-
anal length, reduction of absolute weight and size of tibia and femur, reduction of
cortical thickness and medullar area, lower area of lacunae, reduced the bone
radiopacity of the analyzed regions of the femur and tibia, and that the treatment with
kaempferol has attenuated the effects concerning body weight and naso-anal length,
as well as histologically can observe the increase in the area and number of lacunae.
More studies are necessary to verify if this improvement in bone development can be

amplified over time.

List of abbreviations:

pl: microliter

C: Control

CEUA- Ethics Committee on Animal Use
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CONCEA: National Council for Animal Control and Experimentation

CP: Cerebral palsy

DMSO: dimethyl sulfoxide

EDTA: ethylenediamine tetra acetic acid

HE Hematoxylin and Eosin

K: Kaempferol

mm AL: Aluminum Millimeters

NacCl: Sodium chloride

P: Postnatal day.

PBS: phosphate buffered saline

S.E.M.: Standard error of the mean

UFPE: Universidade Federal de Pernambuco
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reduced CS and LDH activity. Neonatal fluoxetine in young rats exposed to a2 maternal lard-based high-fat diet
caused reduced body weight and growth, reduced soleus weight as well as area and perimeter of type | muscle
fibera. In adulthood, d:aewu:udmmfoodmnke,mnuudpmpommoﬂb\rypeﬁbm xedlwedmn
and perimeter of type 1B, and reduction in levels of G5 activity in EDL muscle. N
rats exposed to a maternal lard-bazed, h;b—fatdxztmducuazedmmmndgmhgnmmdu

proportion of oxidative fibers and greater oxidati ic activity in adulthood
1. Introduction long-lasting ch in physiological and phological states during
the critical period of development [3-5].
The Serotonin (5-HT) system plays a key role in developmental There is an i ing of using Selective S

stages such as cell proliferation, migration, differentiation, and Reuptake Inhibitors (85RIs) during gestation and lactation periods [6].
morphogenesls acting in the regulation of neural tissue growth as well SSRIs are thought to be effective for treating psychiatric disorders by

fering in the dewvel of other sy [1,2]. Infl on ng the synaptic bi ilability of the neurotransmitter serotonin
S-HT system have been defined as the main factor contributing to (6-HT) ["] Epidemiological studies, h , have shown that early life
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exposure to SSRI may have adverse effects on child devel
[5-10], and some consequences could be aggravated by adverse envi-
ronmental factors such as inappropriate maternal nutrition [11].
Knowledge of the long-term consequenm of perinatal SSRI exposure on
neuromotor system is limited [12]. Therefore, special
attention is needed to understand the impact of early exposure to these
drugs on the development of peripheral tissues.

Early ser i of exp to SSRI play a role in
nervous system maturation, impacting body growth, weight gain and
feeding behavior [12-15]. Ni 1 fluoxetine exp has been

pulation of the in system may p bolic disorder by
inducing an increase in the activity of mitochondria and elevation of
energy bolism in the skeletal le of mice that consumed a high-
fatdxet [44] Anothersmdy h d that in over ished rat pups with
p m, their chroni to fluoxetine in childhood
caused ch mthe..,, that Ited in positive effects on

theu' physical well-being and behavior, such as better serum parameters,
in adip profile and positive modulation of

hwophzaxa -related genes [45].
Short and long-term effects of early SSRI exposure on the skeletal

shown, in previous studies with young rats, to dul

g hypophag; due to an increased
hypothalamic i D [16]. Experi 1
studies showed the long-term unpact of early SSRI exposure on energy
bal. [17,12], including an induced lean phenotype by increasing the
ratio of brown/white adipose tissue [13] and positively affecting mito-

chondrial bioenergetics in le in the j ile period [19].
Evidence suggests that i diated signaling occurs in skel-
etal muscle through a 5-HT2A ptor infl on myogenic differ-
jation and in gl boli [20-22]. Additionally, new

evidence has reported that SSRI causes changes in the function, structure
and metabolic properties of skeletal muscle [23]. In most mammals,
skeletal muscle comprises a large part of body mass. It has an important
metabolic f\umnon and has the characteristic of adapting to a variety of
external li Tudi b ilability [24]. A normal mature
muscle has both slow type ﬂbers (ondanve) and fast type fibers
(glycolytic). Early , may impact
muscle phenotype development [25,26]. thﬂe is known about the

impact of early exp to SSRI on skeletal hy pe, as well
as potential i of a pr insult (e.g. matemal nutrition)
that may contribute to imp. d devel of le tissue.

There has been a concern about i d ption of animal fat
in developing countries in the last decades. Women of ive age

from these regions generally consume more saturated fat than men [27,
28]. Maternal over or undernutrition in the perinatal period is known to
impact fetal growth, birth weight, maturation of the nervous system,
feeding b and to rep a rizk for the development of meta-
bolic disorders during a hfeume [29-32]. Maternal intake of high-fat
dlersaf.’fectxfetns system develop [o.a],andhasbeen
d with i d risk of impaired and
mental disorders, such as affective problems, anxiety, and depression in
children [33-35].
Studies on animals have shown that during the transition to adult-
hood there iz an increased body wexght gzm and dymguhnon in
gl bolism, insulin drial fi

phenotype of subjects exposed to a maternal lard-based, high-fat
diet are yet to be fully explored. Given this, we hypothesized that the
inhibition of serotonin teupmke in early life causes a lean phenotype
that invol h in oxidative skeletal le fiber in rats exposed
to a lard-based high-fat perinatal maternal diet. In this study, we have
evaluated the short-term and long-term effects of neonatal serotonin
reuptake inhibition on body weight, growth, food intake, skeletal fiber
phenotype and enzymatic activity in the skeletal le of rats exp

to or not to a lard-based, high-fat diet during fetal and lactation periods.

2. Material and methods
2.1. Animals and experimental groups

The ethics committee for animal use of the Federal University of
Per (P 1 ber 0027/2016) approved all experimental
P d All exp and animal use were carried out in accor-
dance with the National Institutes of Health guide for the care and use of
Laboratory Is (NIH P No. 8023, revised 1978) and
ARRIVE (Animal Research: Reporting of In Vivo Experiments) guide-
lines [46].

A total of twenty (n = 20) female Wistar rats and ten (n = 10) male
Wistar rats with 90-120 days of life were obtained from the Dep
of Nutrition, Federal University of Pernambuco. They were mated in a
ratio of two females to one male. Pregnancy was determined by the
detection of spermatozoa in vaginal smears. According to dietary
manipulation, the female rats were divided randamly into two groups,
the Control group, fed on a Normolipidic/Ni loric diet (N, 354,65
Kcal/100 g, n = 10); and the Bxpenmental group, fed on a lard-baszed
High-fat diet (H, 483,93 Kcal/100 g calories from saturated fats, n =
10) [40,47]. The diets were prepared in the Department of Nutrition of
the Federal University of Per (Brazil). The ingredients and
centesimal composition of diets are described in Tables 1 and 2 . At
birth, litter size was adjusted to eight pups per dam, and a blind care-

y

and altered st of I g from a maternal lard-
based high-fat diet [36-32]. In addition, studies of obesity in animals
models have shown that a maternal diet, rich in saturated fats, can lead
to important metabolic changes in offspring [39,40].

A significant decrease in nutritional availability during gestation in
mammals reduces the formation of secondary myofibers and the rano of

P

taker jomly all d the pups by weight into two experimental
groups. During lactation period (from the first day of postnatal life to the
twenty-first day of postnatal life, P1-P21) the male pups received sub-
cutaneously a daily dose (~8:00 am.) of either fluoxetine (10 mg/kg,

Ived in saline solution, 10 mL/Kg, bw) or saline (NaCl 0,9 %, 10
mL/Kg, bw) [42]. The pups were assigned into following groups: Nor-
molipidic/Normocaloric diet + saline (NS group, n = 16), Normolipi-

secondaxy to pnmary myaﬂben [41]. Th e, imp d

mass P during the fetal period due to
maternal fat intake has long-lasting and negative physiological conse-
quences for the offspring such as altered muscle fiber proportion,
reduced fiber cross-section area, and i i of energy boli
[42]). Few studies have shown the effects of maternal lard-based,
high-fat diet intake in the skeletal muscle phenotype of the offspring,

Ithough there is evidence that there exists an impact of a maternal
high-fat diet on offspring development [37,42,43].

Considering the higher maternal consumption of saturated fat and
the high incid of early exp to SSRI, it is opportune to investi-
gate :hemteracnon ofmztnmallndbased high-fat diet and early se-

system p ion on body gmwth, weight gain, food
consumption, and the skeletal since there is
limited knowledge about this. In one study, authors showed that the

dic/Ni loric diet + f (NF group, n = 16); lard-based
High-fat diet + szaline (HS, n = 16) and lard-based High-fat diet +
ﬂuoutenne (HF, n = 16). After weaning, the pups were fed with com-

1 lab. v chow (Pre: , Brazil) and divided into collective
czges,wit.h4malespercase,unnl?300rp90.Amma]smhoused
under standard conditions at 22 °C and maintained in an inverted cycle
of 12/12 h. Water and food were provided ad libitum.

Table 1
Ingredients (%) Control Déet Lard-based High-fat diet
Commercial Chow 100 76
Lard from pork fat - 24
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Table 2
G imal Compositi of N lipidic/N¢ loric diet and Lard-Based
High-fat diet.
i N Jipidis loric Diet Lard-Based High-far Diet
(2/100 g) (2/100 8)

Proteins 25.51 18.17

Carbohydrates 5389 40.69

Lipiis 4.25 27.61

Ashes 7.6 539

Moisture 9.05 814

caontent
Keal/100 g 354.65 483.93

2.2. Measurement of body weight, growth, and food intake

The body weight of the dams was recorded once a week during
gestation and lactation period using a MARTE® =cale (Model ASF11).
Food intake of the dams was evaluated weekly from the first day after
pregnancy confirmation until the end of the lactation period. Each week,
food intake was determined by the difference between the amount of
food (g) provided and the of food (g) d. The food intake
was recorded using the MARTE® scale (Model ASF11).

Body weight for the pups was also recorded using the MARTE® scale
(Model ASF11) at PO, P1, P7, P14 and P21 (postnatal day). The body
length (distance from nose to anal orifice) was measured by a digital
caliper (Jomarca® 0.01 mm) at P30, P60 and P90. The body weight and
body length values were used to calculate the Body Mass Index (BMI) —
BMI = [body weight (g)/ body length (cm)?] [49]. The p age of

Biomedicine & Pharmacotherapy 131 (2020) 110727

area (CSA) and perimeter were measured from 500 fibers per animal
using Image J (version 1.51p) software.

2.4. Ensymatic activity of citrate synthase and lactate dehydrogenase

Enzymatic activity was ined as d ibed previously [19].
Briefly, for an enzymati lysis, an individual h ization of the
soleus and EDL le was perfi d. The analysis of citrate synthase

activity was carried out with a mixture containing (in mmol/L) 50
Tris-HC1 (pH 8.1), 1 MgCl,, 1 EDTA, 0.2 5,5-dithio-bis (2-nitrobenzoic
acid) (3 = 13.6 mol/(mL:cm—1), 3 acetyl-CoA, 5 oxaloacetate and 0.3
mg/ml homogenate. The citrate synthase activity was measured by

the rate of ch in absorb at 412 nm over an interval of
160 = [19].

Dosage of lactate ydrog was d with an assay

buffer ining 50 mM p i hosphate pH 7.4 and 25°C, 6 mM

NADH and 23 mM sodium pyruvate to which was added approximately
200 pg of the sample. The final pH of the assay volume was 2 mL and pH
7.3. The total volume of the assay was 1 mL and the reading was per-
formed over a 60-second interval in a spectrophotometer at 340 nm. The
results were expressed as mmol / mg protein / minute [52].

2.5. Statistical analysis
Data normality distribution was d by the Kolmog

Smirnov test. For the normal distribution, data are expressed as mean
+ SEM. The two-way analysis of variance (ANOVA) with repeated

body weight gain was calculated after weaning during the intervals of
P22-P30, P30-P60, and P60-P90 by this formula: BWG % = [final body
weight (g) x 100/ initial body weight (g)] — 100. To measure food intake
the ani were h d in individual cages for five days before the
target ages P30, P60, and P90, assessing the daily difference between the
amount of food provided at the onset of the dark cycle and the amount of
food remaining 24 h later.

2.3. Histochemical analyses of the skeletal muscles

Animals were sacrificed under ad libitum feeding conditions by
decapitation at P30 and P90 to collect the soleus and Extensor Digitorum
Longus (EDL) The were di d ighed and
immediately immersed in frozen n-hexane. The samples were kept at -80
°C until the analyszis of muscle fiber types. The muscle cross-sections (10
pm) were obtained by a cryostat microtome maintained at —30 °C and
stained for myofibrillar ATPase (mATPase) [25,50]. Briefly, the

i ‘were incubated at room p for 20 min in a
solution containing 140 mM acetic acid and 60 mM sodium acetate (pH
adjusted to 4.3 and 4.55). The slides were then washed in distilled water
and incubated at 37 °C in a solution containing, 20 mM CaCly, 2.5 mM
ATP zalt in 40 mM buffered glycine (pH 9.4). Then the sections were
washed in distilled water, followed by soaking in 2% cobalt chloride for
3 min, then they were dto 1.5 % sulfide for 3 min,
washed in distilled water, and dehydrated in batches of increasing
alcohol content (70-100 %). Finally, they were immersed twice in
toluene and placed for drying at room temperature. After drying the
slides were covered by coverslips using Entellan resin.

The proportion of each fiber type was determined in each section of
the soleus and EDL muscles. Muscle fibers were classified into types [
and 1l based on the presence (type I) or absence (type II) of staining for
ATPase after acid pre-incubation at pH 4.3. The muscle fibers were
further classified as type I (darkest), type Ila (lightest) or IIb (grey) using
diffe in staining i ity as criteria for ATPase after acid pre-
incubation at pH 4.55 [25,51]. The le i were ob d with
an optical microscope (Olympus Optical U-CMAD-2, Tokyo, Japan; 40x
objective lens). All fibers of soleus and EDL muscles were counted using
M im 6 (Jean-Frangois Madre-Amiens) The ion

test foll d by Bonferroni's test was applied to body weight,
food intake and caloric intake of damns. The Student t-test was also used
to assess significant differences in birth weight between the groups.
Multiple group comparizon was performed by two-way analysis of
variance (ANOVA) followed by Tukey's post-hoc test. Data from CSA
and perimeter of the fiber are expressed as median and 25th and 75th
percentile and analyzed by Kruskal-Wallis and Dunn’s post-hoc test. The
significant level was considered at p < 0.05. Statistical analysis was
performed using the GraphPad Prism 7.0. ® (GraphPad Software Inc. La
Jolla, CA, USA).

3. Results

3.1. Body weight and food intake of dams

In the third week of g pregnant dams exposed to the Lard-
Based High-fat diet presented a lower body weight than the control
group (Bonferroni's post hoc test: p < 0.0121) [F (3,42) = 248.2,p <
0.0001]. In the second and third weeks of lactation, dams exposed to this
diet presented lower body weight than the control group [F (2,28) =
4.773, p=0.0164] (Fig. 1A). The weekly food intake evaluated showed
lower intake in grams in dams exposed to the Lard-Based High-fat diet

d to 1 group in [F (1,18) = 55.2, p < 0.0001]
and lactation period [F (1,18) = 90.68, p < 0.0001] with a significant
interaction in lactation period [F (2,36) = 6.236, p = 0.0047] (Fig. 1B).
However, there was no difference and no interaction in caloric intake in
dams exposed to the Lard-Based High-fat diet compared to the control
group during gestation [F (2,36) = 0.1118, p = 0.8945] and lactation
periods [F (2,36) = 1.091, p = 0.3469] (Fig. 1C).

3.2. Body weight and growth in offspring

At birth, pups from the preg; dams d to the experi: 1
diet showed reduced birth body weight compared to the control group [t
(62) = 3.102, p = 0.002] (Fig. 2A). In the first week of the lactation
period, the HS group presented a reduction in body weight compared to
the control group (Tukey's post hoc test: p = 0.002) [F (3,45) = 20.13, p
< 0.0001], this remained reduced until P21 (Tukey's post hoc test, p <
0.0001) [F (3,45) = 43.36, p < 0.0001] (Fig. 2B). The nourished pups
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Fig. 1. A) Maternal body weight (grams) during gestation and lactation periods. B) Maternal food intake (gr during ion and | ion; C) M. 1 caloric
intake (Kcal/g) during g ion and L ion. Groups ding to 1 diet during g ion and L ion; N lipidic/Ni loric diet (N, n = 10), lard-
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compare the groups over the time period, followed by Bonferroni's poat hoc test. *P < 0.05; ** P < 0.01; *** P < 0.001.
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Fig. 2. Pa of offspri A) birth weight: N (pupa from moth d to N lipidic/N loric diet, n = 16); H (pups from

mothers exposed to the lard-based High-fat diet, n = 16), B)bodywelshtdumghcuhm C)Bodyanhtgunmtbgpubwumngpenod D) Food intake at the

poatnatal days 30, 60 and 90. Compoaition of groups ding to to

1 diet and NS (control diet + saline, n = 8), NF

(control diet + fluoxetine, n = 8), HS (lard-baced high-fat diet + Saline, n = 8) HF (lard-based high-fat diet + fluoxetine, n = 8). The values were presented aa mean

and standard error of the mean. Data were analyzed by two-way ANOVA for repeated measures, followed by the Tukey's post hoc test. ** =

= NE va. NF, § = HS va. HP. P < 0.05.

treated with fluoxetine presented reduced body weight compared to the
control group in the second (Tukey's post hoc test: p < 0.0001) to third
weeks of the lactation period (Tukey's post hoc test: p < 0.0001) [F
(3,45) = 62.7, p < 0.0001] (Fig. 2B). Pups exposed to the lard-based
high-fat diet during the perinatal period and d with fl i

p<001.&=N5wa H5, #

compared to the HS group (Tukey’'s post hoc test: p < 0.0001). A sta-

tistical interaction with regard to the body weight of the groups and the

lactation period was found [F (9,180) = 22.59, p < 0.0001] (Fig. 2B).
At 30 days, pups from the HS group presented reduced body weight

during the 1 period p 1 reduced body weight in the second
week (Tukey's post hoc test: p < 0.0001) up to the end of lactation

i to the 1 group (Tukey’s post hoc test: p < 0.0001)
(Table 3). Also, with fl ine caused a reduction in
body weight of the d pups at P30 pared to the group
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Table 8
Sy ic and muacle of each i 1 group.
AGE Postnatal day 30 Postnatal day 90
Group NS NF HS HP NS NP HS HF
Variabl
Body weight (g) 79.74 = 62.89 + 60.20 + 50.61 + 1.85 347.10 206.2 + 3078 + 2969] %
1.75 169+ 1648 4%+ $** 646 10.748%* 6748 487
Nogeto-anal length (cm)  14.19% 1229 + 1215 + 1116 £ 0.18 254+ 017 20891+ 2132+ 20.73 £ 0.24
0.16 0. 104+ 0.138**** ek 0,208+ 0.348*
Body Mass Index (BMD 0395 % 0416 0.008 0.408 = 0.011 0.406 = 0.016 0683 % 0.603 + 0.680 = 0691 =
g/cm?) 0.009 0.009 0.023#* 0.02434 0013
Soleus weight (g) 0.0311 £ 0.0207 + 0.0227 + 0.0156 + 01710+ 0.1364 0.1394 + 01239 %
0,001 0.007F**+* 0.001&*** 0.0018** 0.007 0.006#** 0.004&** 0.004
Relative weight of soleus  0.0403 = 0.0337 + 0.001 0.03572+ 0.002 0.03228 & 0.04924 = 0.04453% 0.001  0.04596 & 0.04171 %
muscle (%) 0.003 0.002 0.001 0.002 0.001
EDL weight (g) 0.024] = 0.0182 £ 0.009 0.0186 + 0.00]1 00142 01445 0.1085 + 0.1281 = 0.001 01213 %
0.002 0.001 0.004 0.009#44+ 0.002
Relative weight of EDL 0.0306 = 0.028] + 0.001 0.0292 % 0.001 0.0272 + 00417 £ 0.0353 % 0.002 00422 0.001 00407 £
muscle (%) 0.002 0.003 0.001 0.001

Values were showed 2z mean and standard error of the mean. The data were analyzed by the two-way ANOVA test, followed by Tukey test. & = NS vo. HS, # = NS va.
NF, §= HS vo. HF. P < 0.05. (control diet+ saline, n = 8), NF (control diet + fluoxetine, n = 8), HS (lard-based high-fat diet + saline n = 8) HF (lard-based high-fat diet

+ fluoxetine n = §) * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.

(Tukey's post hoc test: p < 0.0001) [F (3,45) = 42.63, p < 0.0001]
(Table 3). Animals from HS group showed elevated weight gain during
the period between 30-60 days (Tukey's post hoc test: p = 0.0080) [F
(3,21) = 3.509, p = 0.0332] with significant interaction according to
body weight gain during the experi 1 interval timepoints [F (6,56)
= 2.783, p = 0.0193] (Fig. 2C). However, at P90, a lower body weight
was observed in the HS group compared to the control group (Tukey's
post hoc test: p = 0.0131) and in NF group compared to the control
group (Tukey's post hoc test: p < 0.0096) [F(3,21)=7.431, p=0.0014]
(Table 3). At P90, the HF group did not present reduced body weight
compared to their control (HS =307.8 + 6.74, n=8 vs. HF = 2969 +
4.87 g, n =8, p= 0.7833) (Table 3).

At P30, differences in body length was observed in the different
groups [F (3,45) = 61.47, p < 0.0001]. Animals from the HS group
showed reduced body length compared to the control group (Tukey s
post hoc test: p < 0.0001) (Table 3). N 1 exp to fl
also reduced the growth of the ished animal pared to the

intake, compared to HS group (Tukey's post hoc test: p = 0.0036) [F
(3,21) = 18.32, p < 0.0001] (Fig. 2D). At 90 days, the NF group showed
reduced food intake compared to the control group (Tukey's post hoc
test: p = 0.233) (Fig. 2D). At this age, there was a reduction in food
intake b the groups of s that were both exposed to the
experimental maternal diet and treated with fluoxetine during the
neonatal period, as compared to HS group (Tukey's post hoc test p <
0.0001) [F (3,21) = 7.121, p = 0.0017] (Fig. 2D).

3.4. Muscle weight

At P30, there was no statistical difference in EDL weight between
groups. While at P90, reduced EDL weight was noted in the nourished
group d with flv d to the 1 group [F(3,21)=
7.336, p=0.0015] (Table 3). In the soleus muscle at P30, muscle weight
reduction was observed in the group of HS pups compared to their
control (Tukey's post hoc test: p < 0.0001) (Table 3). At this age,

control group (Tukey's post hoc test: p < 0.0001). Reduced g h was
observed in animals exposed to maternal Lard-based high-fat diet during
the perinatal period and exposed to in the period,
compared to the HS group (Tukey's post test p = 0.0005) (Table 3).
While at P90, the reduction of body length was continuous in animals
from the HS group compared to the control group (Tukey's post hoc test:
p = 0.0099) and in animals from the NF group d to the 1

1 administration of fI i Ited in reduced soleus weight
in the NF group compared to control (Tukey's post hoc test: p < 0.0001).
This was alzo true for the HF group compared to its respective control
(Tukey's post hoc test: p = 0.0032) [F (3,21) = 26.58, p < 0.0001]
(Table 3). At P90, the HS group had a reduction in soleus weight
comparedmcontrolgmup ('Nkeysposthoctest P < 0.01) (Table 3).

group (Tukey's post hoc test: p=0.0006) [F(3,21)=11.18, p=0.0001]
(Table 3). At P90, the NF group showed a reduction in BMI compared to
the control group (Tukey’s post hoc test: p= 0.0136) [F (3,21) = 6.088,
p = 0.0038) (Table 3).

3.3. Food intake of offspring

A significant interaction between age and food intake [F (6,42) =
3.031, p = 0.0149] was observed. At P30, animals from the HS group
had reduced food intake compared to the control group (Tukey's post
hoc test: p = 0.0380) (Fig. 2D). At this age, neonatal exposure to
fluoxetine also caused a reduction in food intake of the nourished pups
compared to the control group (Tukey's post hoc test: p = 0.0071) [F
(3,21) = 19.95, p < 0.0001] (Fig. 2D). This effect was not observed in

pups exposed to the experi 1 1 diet that had received
1 exp to fl (Tukzysposthoctestp 0.5416). At

P60, 1 exp to fh cause reduced food intake in
ished pups d to the 1 group (Tukey's post hoc test: p

< 0.0001). Additionally, while the HF group had shown similar food
intake to their control when younger, at P60 they had reduced their food

N ion of fi i d i soleus weight in the
nourished group at P90, compared to the control group (Tukey’s post
hoc test: p = 0.0015) [F (3,21) = 12.6, p < 0.0001]. No differences in
relative muscle weight were observed (Table 3).

3.5. Soleus and EDL muscle fibers type composition

At P30, the animal d to the experi 1 diet during peri-
natal period showed an increased proportion of type I fibers in the soleus
muscle (Tukey’s post hoc test p = 0.003) [F (3,12) = 25.32, p < 0.0001
Subsequently, reduction in the IIA fibers was observed in the HS group
(NS = 16.77 £ 1.71 V8. HS = 11.59 + 1.32) (Tukey post hoc test: p <
0.0004) [F (3,12)= 24.85, p < 0.001) (Fig. 3). Neonatal administration
of fluoxetine did not cause a change in the proportion of type I fibers in
the soleus )! d to its 1at P30 (NS =83.22 +1.71 %,
n= SuNP 848+ l ]496 n = 3). Animals from HS group that had

d 1 i ion of fluoxetine showed similar propor-
tion of type I fibers in the soleus ! pared to their 1(HS =
88.52+1.44%,n=5vs. HF=90.74 + 1.89 %, n= 5) (Fig. 3). At P90,
no differences were observed in the distri of soleus fibers
between groups. We observed that the adult soleus muscle contained
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Fig. 8. At 30 days, the proportion of muacle fibers A) at pH 4.3, B) at pH 4.55 and ensymatic activity of C) Citrate Synthase and D) Lactate dehydrogenaze of soleus
muscle. The composition of the groups ding to exp to 1 diet and ph logical NS (N Lipids loric diet + saline, n=5),
NF (N lipidic/; loric diet + fl ine, n = 5), HS (lard-based high-fat diet + Saline = 5) HF (lard-baced high-fat diet + fluoxetine, n = 5). The values
were presented a: mean and standard error of the mean. The data were analyzed by the ANOVA two-way test, followed by the Tukey's test. & = NG va. HS, # = NS va.
NF, § = HS va. HF. P < 0.05.

95.3+1.44%typelfibers(NS=953+1.44%,n=5vs. NF=95.42% 0.0086) [F(3,12)=11.27, p =0.0008] (Fig. 5). Neonatal administration

1.39%,n=5H5=9571+0.60%,n=5vs. HF=95.81+0.42%,n=  offl ine caused an i in the proportion of type I fibers at P30
5) (Fig. 4). in the nourished group (Tukey's post hoc test: p = 0.0001) [F (3,12) =

In the EDL le, animals exposed to an experi I diet pre-  19.83, p < 0.0001] (Fig. 5). The EDL muscle of the nourished animals
sented a reduction in type IIB fibers at P30 (Tukey's post hoc test: p = posed to fI ine in the 1 period p d an i in
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Fig. 4. At 90 days, the proportion of muacle fibers A) at pH 4.3, B) at pH 4.55 and ensymatic activity of C) Citrate Synthase and D) Lactate dehydrogenase of soleus
muscle. The composition of the groups ding to to ] diet and ph logical NS (N lipidi loric diet + saline, n = 5),
NF (N lipidi loric diet + fl ine, n = 5), HS (lard-bazed high-fat diet + Saline = 5) HF (lard-baced high-fat diet + fluoxetine, n = 5). The values

were presented a: mean and standard error of the mean. The data were analyzed by the ANOVA two-way test, followed by the Tukey's test. & = NS va. HS, # = NS va.
NF, § = HS va. HF. P < 0.05.
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mmmmﬂf&gw ding to exp to
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NS (N li loric diet + saline, n = 5),

NE (N Yioid; 1 diet+ fl

n = 5), HS (lard-based high-fat diet + saline = 5) HF (lard-based high-fat diet + fluoxetine, n = 5). The values were

presented as mean and standard error of the mean. The data were analyzed by the ANOVA two-way test, followed by the Tukey's test & = NS va. HS, # = NS va. NF, §

= HS va. HP. P < 0.05.

type IIA fibers compared to their control (Tukey's post hoc test: p =
0.0004) [F (3,12) = 3.975, p = 0.0352], and a reduction of type IIB fi-
bers compared to control group (Tukey's post hoc test p= 0.0004) (NS
=12021+254vs. NF= 1265+ 2.10%,n =5, P < 0.05) [F (3,12) =
11.27, p = 0.0008]. These changes were not observed in the HF group,
which presented type IIA (HS = 65.33+ 0.90%,N=5vs. HF=66.15 &
2.66%,n=5)andtype IB(HS=21.53+0.72,n=5vs. HF=2272%

2.45 %, n = 5) fibers similar to control at P30 (Fig. 5).

At P90, EDL presented about 5.02 + 0.25 % of type I fibers in all
groups, indicating, at this age, there was no difference between groups
in relation to the proportion of type I fibers [F (3,12) = 0.5091, p =
0.6835]. The group of nourished rats treated with fluoxetine in the
neonatal period, at P90, had a higher proportion of type IIB fibers when
compared to control group (Tukey's post hoc test: p = 0.0485) [F (3,12)

EDL pH 4.3 at P90 NS NF EDL CS activity at P90
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904 mys % . . : .
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T30 . FRLH R o S s
B 5 L. ) \ .\ .E
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= 0 if & HF
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v L]
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Fll.S.Athayl,dzpcvpotnmofuuxkﬁbmA)an4S B)upH4.55Memmlmvlwofc)&mSynthueandD)lmmddlydmguueome
muscle. The compoaition of the groups ding to 1 diet and ph NS (. 1 diet + saline, n = 5), NF (control diet +
fluoxetine, n = 5),H5(h!d-bnedhxgh-ﬁxdmt+nhne-S)HF(]nd-buedhgbfndla+ﬂ:mme,n-5) The values were d 20 mean and dard error
of the mean. The data were analyzed by the ANOVA two-way test, followed by the Tukey's test & = NS va. H5, # = NS va. NF, § = HS va. HF. P < 0.05.
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= 4,298, p = 0.0282] (Fig. 6). I ingly, at 90d ani form HF
group showed an increase in the [IA fiber type (Tukey's posthoc test: p=
0.00138) [F (3,12) = 3.957, p = 0.0357] and a reduction in type IIB
fibers compared to HS group (Tukey's post hoc test p = 0.0047) [F
(3,12) = 4.298, p = 0.0282]. §

212335

172176

274872

2304.69

(187127

~2834.35)

21266

(190.85-242.95)

23416

(192.99-277.84)
=5).&=NSvs.

i

3.6. Enzymatic activity of Citrate Synthase (CS) and lactate
dehydrogenase (LDH) activity

At P30, the activity of citrate synthase in the soleus muscle of
nourished pups that had received neonatal administration of fluoxetine
was reduced pared to their 1 [F (1,14) = 11.06, p = 0.0050]

(Fig. 3). LDHacuvAtywas duced in the soleus le of HS group pups &
compared to com:ml group (Tukey's post hoc test: p < 0.01) (Fig. 3).

of ine caused a reduction in LDH activity
in the soleus muscle of nourished pups, compared to control (Tukey’s
post hoc test: p < 0.05) [F (1,13) = 4.844, p = 0.0464] (Fiz. 3). At 90
days, there was an i ion related to CS activity in the soleus muscle
[F (1,17) = 5.205, p = 0.0357]. In soleus muscle CS was reduced in NF
group compared to control group [F (1,17) = 5.205, p = 0.0357] §
(Fig. 4).

In EDL muscle at P30, LDH activity in the HS group was reduced
compamdboﬂntmmeconn'olgroup ("l'ukey sposthocmsl: p < 0.01)
(Fig. 5). Additionally, the ion of fl ine in
nourished group promoted a reduction in LDH activity compared to §
control group (Tukey's post hoc test: p < 0.05) [F (1,16) = 3.708, p = 2
0.0721] (Fig. 5). In the pups of NF group at P30, the citrate synthase
activity was increased in the EDL le compared to the 1 group
(Tukey's post hoc test: p < 0.05 [F (1,10) = 20.53, p = 0.0011] (Fig. 5).
However, at P30, in the animals exposed to the maternal lard-based diet
and treated with fluoxetine in the neonatzl penod the enzymatic ac-
tivity of CS and LDH was unch d to the 1 group 8
(Fig. 5).

At P90 the CS activity in EDL le was reduced in the HS group
compared to the control (Tukey's post hoc test: p < 0.01) (Fig. 6). At this
age CS presented a reduction in activity in the group of nourished ani-
mals d with fl ine in the 1 period pared to the
control group (Tukey's post hoc test: p < 0.0001). Inmmngly, pups
exposed to the 1 experi 1 diet and with in
the 1 period sh d i d C8 activity compared to the HS g
group at 90 days old (Tukey's post hoc test: p < 0.05 [F (1,14) = 4.4774,
p = 0.0463] (Fig. 6). LDH activity was reduced in EDL muscle in NF
group compared to control group (Tukey's post hoc test: p < 0.05) [F
(1,15) = 15.07, p = 0.0015].

561.388°(427.09
(268.79-546.59)
(92.29-126.16)
(9084-181.76)

-743.25)

39226
107.198**
12440

P30

5) HF (lard-based high-fat diet + fluoxetine, n

1793.25&***
(057.76-297646) (514.44-88055)  (1502.80-256255)
2239.74&%**
(342.10-61897)  (1524.13-2751.39)
205.70&
(19031~
241.08)

194.01&*

213.53)

Values were showed as median and interquartil interval (25th and 75th percentile). The data were analyzed by the Kruskal-Wallistest followed by Dunn’s post-test. The composition of the group

(18752~

149!‘)2)

11289
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13239
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681.63
49005

5), HS (lard-based high-fat diet + saline
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249489
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HS, # = NS vs. NF, $ = HS vs. HF. P < 0,05, * p < 0.05; ** p < 0.01; ***p < 0,001; **** p < 0.0001.

(2199.68-3104.97)
237285

(208347
~3210.10)

24261
(21678-257.41)
24019
(21269-25423)

P90
262750

3.7. Area and perimeter of muscle fibers

The area of type I fiber of soleus was reduced in animals that ived
fluoxetine administration during lactation period at P30 compared to
animals from NS group (Dunn’s post hoc test: p < 0.0001). This area was
reduced in the HF group compared to the HS group (Dunn’s post hoc
test: p < 0.05) (Table 4). The perimeter of type I soleus muscle fiber was
reduced in the NF group compared to the control group (Dunn's post hoc
test: p < 0.0001). The perimeter of soleus type I fiber was reduced in the
HF group compared to HS group (Dunn’s post hoc test p < 0.001)
(Table 4). At P90, soleus type IIA fiber was reduced in the area and
pmmenerofmeHngup(Dunnspoa(hoctext:p<00001)(T:Lble 4.

In the EDL muscle at P30, type I le fiber showed a in
the area in the HF group (Dunn's post hoc test: p < 0.001) and in fiber in
the perimeter of the HF group compared to HS group (Dunn’s post hoc
mstp<001)("‘ableo) At 90 days, the area of type IIB fiber in EDL

h d a reduction in the HF group compared to HS group
(Dunn's post hoc test: p < 0.0001) and perimeter with type IIB fibers
(Dunn'’s post hoc test: p < 0.0001) (Table 5).

(437.27~781.30)
(431.91-770.:80)
(12280-179.01)
(12481-179.72)

143.41
152.78

52558

NS
P
59589

Area of soleus type TIA fiber (um?)
(pm)

GROUP

Varisble/Age

Area of soleus Type | fiber (pm?)
Perimeter of soleus typel fiber (um)
Perimeter of solews type 11A fiber

Morphometric chamcteristics of the soleus muscles.
maternal diet and pharmacological treatment: NS (control diet + saling, n

Table 4
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Table 5

P30

P30

P30

P30

GROUP
Variable/Age

Morphometric parameters of EDL muscle.
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175946
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Values were showed as median and interquartile intervals (25th and 7 5th percentile). The data were analyzed by the Kruskal-Wallis test followed by Dunn's post-test. The composition of the groupsaccording to exposure
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4. Discussion

To our knowledge, this was the first study of neonatal rats treated
with fl ine and d to 1 lard-based high fat diet during
the perinatal period showmgeffectsnnmeskeleulmusdephenmype
development. The results sh d that 1 fluoxetine exp re-
duces body weight, growth, food intake and skeletal muscle properties
in animals exposed to a maternal lard-based high-fat diet during gesta-
tion and lactation periods. These changes were observed in both the
youth and adulthood of animals. The main finding of this study was to
obsenre muscle weight reduction, alteranon in the muscle fiber pro-

n, and reduction in the mor of fibers. Also,
weshowedaltemdenzymucacuvnyofﬂuamsyn:hasezndhctate
dehydmgenaaemthe soleusandEDL )! Tlnsstudy d our
hyp . that jon of fl i the

oxidative ﬂben in skeletal muscle in adult rats exposed to a lard-based
high-fat diet.

Pregnant rats that received a lard-based high-fat diet showed a lower
body weight at the end of gestation and during lactation, compared to
the control group. Thiz was similar to other studies that observed no
weight gain in rats during the perinatal period after exposure to a lard-
based high-fat diet [53-55]. Our study showed reduced food intake in
grams in female rats that received the experimental diet in the perinatal
period. However, there were no differences in caloric intake in the same
period. Rats that consumed a high-fat diet, reduced their food intake to
adjust their calorie intake during the perinatal period [56]. Saturated fat
intake seems to cause satiety, and this may be related to increased levels
of the peptide hormone YY [57]. Since the gestational and lactation
period i3 characterized by high energy demand, the consumption of a
lard-based high-fat diet may have contributed to lower body weight
observed in pregnant rats [52]. This fact could be explained by reduced
body weight, body length, and placenta size in the fetus during the third
week of the gestational period in pregnant rats exposed to a lard-based
high-fat diet [55].

Pups whose h ived the experi 1 diet sh d a
reduced birth weight. This result recent evid howi.
that altered maternal nutrition during the gestational period mﬂuemes
thebm:hwmghtand on devel in early p 1life [59,

60]. Additionally, iological and animal studies have shown an
ammanonbetmenlowbmhwelghtandanmﬂeasemthenxkof
metabolic disorders later in life [61-54]. Low birth weight observed in
pups from dams exposed to a high-fat diet agrees with the study by de
Cunha, Molle, Portella (2015), where the authors observed a similar
effect after exposure to a high-fat diet. Restriction of uterine growth,
preterm birth, low birth weight and delay in reflex ontogeny are out-
comes reported in the literature after the offspring were exposed to a
high-fat maternal diet [29,65,66]. The effects of low birth weight are
intensified when followed by growth retardation and weight gain in
adolescence, agreeing with our results [63]. The nnbzlam:e caused by
the i mgauon of satnraned fatcanresultinp inapp

ions and fetal energy metabolism affecting

the development of offspring [67].

Furthermore, it seems that perinatal exposure to a diet rich in satu-
rated fats impairs the P of the in system in primates
[35]. Cennal semwm.n is known to act as developmental signaling that
as well as target tissues that may be
mediated by specific 5-HT receptor subtypes (e.g. 5-HT2A in skeletal
muscle cells) [2,20]. On the other hand, peripheral serotonin plays an
lmpunznt role in weight reduction, in part by accelerating energy

P in skeletal le [44].
The fetal period is crucial to the 1 devel of skeletal
muscle [26]. Studies have suggested, h , that impaired p 1
le gr with reduced mass in adulthood may be due to an

early life with restricted nutrition [62]. Our study showed that over the
short-term, the soleus muscle in animals exposed to a lard-based high-fat
diet had the highest proportion of type I fibers and reduced type II at
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P30. This ch
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1 of mitochondrial bi

in fiber P was

jed by a red

is and fatty acid oxidation in skeletal

mmusclewexghtﬁeEDLatSOdaysbadfewertypelmﬂbenmpups muscle [76].

exposed to a lard-based high-fat 1 diet. D mass Additionally, in ag with our findings, another study has
mducuonresulufromperturbauonof in degradation ind ‘bya shown a reduction of muscle weight in the late phasze after neonatal
variety of pathoph includi duced with fl i as well as a reduction in the number of

availability early in life [26,69]. Addmonally fast-twitch glycolytic fi-
bers are more vulnerable to muscle mass reduction than slow-twitch
oxidative fibers [69].

Animals studies have suggested that early exposum to a maternal
diet rich in saturated fat may pr lifel hondrial alterations
in the skeletal muscle of offspring [37]. At P30 no differences were
observed in citrate synthase activity in either muscle; at P90, however,

myonuclei in the soleus muscle and a reduction of the cross-sectional
area of the muscle at 30 and 90 days of age [77]. In our study,
neonatal fluoxetine in pups exposed to a high-fat maternal
diet presented at P90 a lower proportion of type IIB fibers in relation to
their 1, and ani in type IIA fibers in the EDL
muscle. This agrees with ther study that sh d that the P

lation of serotonin can induce a change from glycolytic to oxidative

the KDL muscle showed reduced levels of citrate synth possibl bolizm in skeletal le [38].

di of reduced mitochondrial density in skeletal )! ["0] Deficiencies in mitochondrial and play a role in the
Ot:hersmdleshaveshownt.hztamanernallard—basedInghf:tdletcaum p 1 devel of bolic di Recent evid: has
a lower P P ion of i v chain v shown that certain antidep p of altering the antioxi-
and may 1 y iated with oxidative phosphor- dant ity in a 78-80]. Here we

b ofdlffe:mtsysﬁems [19,7

and

ylation, electron rranspon syshem and ATP hesis of mitochondrial
skeletal muscle of adult rats [37,38,71].

The present study showed the effects of neonatal treatment with
fluoxetine on nourished pups or those exposed to a lard-based high fat
maternal diet. Reduction of body weight was observed during lactation
period and even in the later stage of life in the nourished pups exposed to

1 with fl In a previous study, weight loss and
gmwthremdanonhadbeenobsewedmammz]sexpmedeSlelhe
neonatal period [14,72]. ingly, the d to the
maternal lard-based high-fat diet and treated with fluoxetine in the

h d different levels of y ity in citrate

lactate dehyd: dueto to a high-fat maternal diet in rats
d or d with flv The activity of citrate synthasels
aly iated with mitochondrial in the skel

[701.

We showed in this study that nourished pups treated with fluoxetine
underwent an increase in the citrate synthase activity of the EDL muscle.
The activity of CS synthase is g ily related to the pop of type
1IA fibers, followed by type I fibers [21]. This finding may be related to
the increase in the proportion of type IIA and type I fibers in the EDL

1 period sh d reduced body welsht, Ithough they h dno le of pups nourished and treated with fluoxetine in the lactation
diffi in adulthood, when d to imals. Early period. In another study, even at P60, increased citrate synthase activity
life exposure to fluoxetine seems to lmpacttheenergyba]ance in young was shown in the EDL muscle of rats exposed to fluoxetine during
and adult rats alean ph ype [12]. Th this occurrence lactation period [19]. Our study showed that at 90 days this effect was
may be related to the important role of the in system in gl not observed. The observed structural and bolic finds in
and lipid homeostasis as well in the thermoregulation impact on body le might be related to delayed motor di P and motor skills

weight [73,74]. acqumuon in children who were early exposed to SSRI drugs [82,23],
The main finding of this study was observation of the al ion of , this iation needs further investigation.

muscle phenotype over the short and long- nem mratxexpoud to alard-

based high-fat maternal diet that had i ation 5. Conclusl

of fluoxetine. Muscle weight reduction, alteration in the fiber proportion

and the enzy y of citrate synthase and lactate dehy In lusi 1 fl in rats dtoa

in the soleus and EDL muscle were registered and have been presented
here. To our knowledge, this was the first study to show the effects on
the proportion of fibers in rats who suffered 1 with
fluoxetine exposed or not to a high fat perinatal maternal diet. We
showed that at P30 the nourished and fI i d pups p i

P

maternal la:d-based high-fat diet causes short and long-term changes in
structural and enzymatic activity of the skeletal muscle of their
offspring. In addition to body weight, growth, and food intake re-
ductions, these influences conmbuned to a lean phenotype of skeletal

an increase in the percentage of type I fibers, with an increase in type IIA
and reduction in type IIB in the EDL
days, there was a higher proportion of type IIB fibers in this same
muscle. At 90 days, pups exposed to a high-fat maternal diet and
fluoxetine-treated in lactation period showed an increase in type IIA
fibers.

le, for le in reduced le weight, i d proportion of

oxidative fibers, and to higher oxidative enzymatic activity in adult-

dto L At 90 hood. Further studies are v, h , to explore the and
hani i d in skeletal 1 due to the

interaction of a maternal lard-based high-fat diet, and SSRI drug expo-
sure during the critical period of development.

Altered szerotonin signaling seems to infl keletal ! Declarati
properties and may be a key factor concerning muscle contraction and
boli: 22,75]. 8 in may also be i d, in !

onmgeneas and repair, by czuang changes in mRNA that code for
d in myog: diffes [“0] Our study sh 1
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researchers have shown that increased serotonin levels causes a shift in
the profile of muscle fiber type from fast/glycolytic to slow/oxidative in
the soleus muscle of mice [44]. This finding suggests that serotonin plays
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and genes related to fatty acid oxid in the le of mice
due to serotonin treatment [44]. The coactivator of PGC-1a is the key
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MAT (The Johns Hopkins University), RSAdip - TESL (Cambridge
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ANEXO C - PROTOCOLO DO ARTIGO DE REVISAO
Protocolo do artigo de revisdo que esta sendo produzida aprovado PROSPERO ID:

CRD42020181504

18/05/2020 PROSPERO

Animal review

To edit the record click Start an update below. This will create a new version of the record - the existing
version will remain unchanged.

1. * Review title.

Give the working title of the review. This must be in English. The title should have the interventions or exposures being
reviewed and the associated health or social problems.

Neuroprotection of flavonoids in early brain injury: a systematic review and meta-analisis of animals studies.

2. Original language title.

For reviews in languages other than English, this field should be used to enter the title in the language of the review. This
will be displayed together with the English language title.

None

3. * Anticipated or actual start date.

Give the date when the systematic review commenced, or is expected to commence.

30/05/2020

4. * Anticipated completion date.

Give the date by which the review is expected to be completed.

21/12/2020

5. * Stage of review at time of this submission.

Indicate the stage of progress of the review by ticking the relevant Started and Completed boxes. Additional information
may be added in the free text box provided.

Please note: Reviews that have progressed beyond the point of completing data extraction at the time of initial registration
are not eligible for inclusion in PROSPERO. Should evidence of incorrect status and/or completion date being supplied at
the time of submission come to light, the content of the PROSPERO record will be removed leaving only the title and
named contact details and a statement that inaccuracies in the stage of the review date had been identified.

This field should be updated when any amendments are made to a published record and on completion and publication of
the review.

The review has not yet started: No

Review stage Started Completed
Preliminary searches Yes No
Piloting of the study selection process No Na
Formal screening of search results against eligibility criteria No No
Data extraction No No
Risk of bias (quality) assessment No No
Data analysis No No

https://www.crd.york.ac.uk/prospero/#recordDetails 1/8
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Provide any other relevant information about the stage of the review here (e.g. Funded proposal, protocol not yet finalised).

6. * Named contact.

The named contact acts as the guarantor for the accuracy of the information presented in the register record.

Marcia Silva

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:
Miss Silva

7. * Named contact email.
Enter the electronic mail address of the named contact.

marciasilvamissoes@gmail.com

8. * Named contact address.
PLEASE NOTE this information will be published in the PROSPERO record so please do not enter private information
Enter the full postal address for the named contact.

Universidade Federal de Pernambuco s/n Rua: Alto do Reservatério - Alto José Leal Vitéria de Santo Antéo - PE 55608-
250

9. Named contact phone number
Enter the telephone number for the named contact, including international dialling code.
+5581984160077

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This field may be completed as
‘none’ if the review is not affiliated to any organisation.

UNIVERSIDADE FEDERAL DE PERNAMBUCO

Organisation web address:
https://www.ufpe.br/

11. * Review team members and their organisational affiliations.

Give the personal details and the organisational affiliations of each member of the review team. Affiliation refers to groups
or organisations to which review team members belong. NOTE: email and country are now mandatory fields for each
person.

Miss Marcia Silva. UNIVERSIDADE FEDERAL DE PERNAMBUCO

Ms Diego Visco. UNIVERSIDADE FEDERAL DE PERNAMBUCO

Dr Ana Elisa Toscano. UNIVERSIDADE FEDERAL DE PERNAMBUCO

Dr Francisco Aguiar Junior. UNIVERSIDADE FEDERAL DE PERNAMBUCO
Dr Raul Castro. UNIVERSIDADE FEDERAL DE PERNAMBUCO

Dr Omar Quevedo. Instituto Tecnélogico Superior de Tacambaro

12. * Funding sources/sponsors.

Give details of the individuals, organisations, groups or other legal entities who take responsibility for initiating, managing,
sponsoring and/or financing the review. Any unique identification numbers assigned to the review by the individuals or
bodies listed should be included.

FACEPE - Fundagéo de Amparo a Ciéncia e Tecnologia do Estado de Pernambuco

https://iwww.crd.york.ac.uk/prospero/#recordDetails 2/8
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Grant number(s)

13. * Conflicts of interest.

List any conditions that could lead to actual or perceived undue influence on judgements concerning the main topic
investigated in the review.

None

14. Collaborators.

Give the name, affiliation and role of any individuals or organisations who are working on the review but who are not listed
as review team members.

15. * Review question.

Give details of the question to be addressed by the review, clearly and precisely.

Do Flavonoids have neuroprotective potential in early brain injuries in an animal model?
In which route of application are flavonoids more effective in the neuroprotective effect in early brain injuries in an animal
model?

Context and rationale

Brain injuries largely affect the individual's development, making life difficult in the most common aspects, such as
movement and food intake. The use of flavonoids was carried out by several research groups in an attempt to elucidate the
characteristics and possibilities of these compounds in protecting the brain. Studies in animal models of brain injuries are
important to understand the pathology and to create possible therapies and intervention strategies. Due to the scarcity of
randomized clinical trials in humans, evaluating the literature in animals will be important to inform and direct studies on the
neuroprotective effects of flavonoids on brain injury in a critical period of development. This systematic review using animal
models may be important to understand how flavonoids can help in the treatment of some diseases and clinical conditions
resulting from brain injury early in life.

16. * Searches.

Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The full search
strategy is not required, but may be supplied as a link or attachment.

The searches will be performed in PubMed, Scopus, Web of Science and Embase without language and publication period

restriction.

Search terms will be combined with booleans operator according to MeSH and keywords related to research question as
follow:

# Early brain injury

# Flavonoids

# Animals models

17. URL to search strategy.

Give a link to the search strategy or an example of a search strategy for a specific database if available (including the
keywords that will be used in the search strategies).

Do not make this file publicly available until the review is complete

18. * Human disease modelled.
Give a short description of the disease, condition or healthcare domain being modelled.

Brain Injury in infants

https://www.crd.york.ac.uk/prospero/#recordDetails 3/8
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19. * Animals/population.

Give summary criteria for the animals being studied by the review, e.g. species, sex, details of disease model. Please
include details of both inclusion and exclusion criteria.

Inclusion criteria:

Animals of any species and lineage, both sex, exposed to any model of early brain injury.In which the intervention was
performed in a pre-injury period (maternal supplementation) or post-injury in the developing rat.

Exclusion criteria:

Genetically modified animals
In vitro study

20. * Intervention(s), exposure(s).
Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed (e.g. dosage, timing,

frequency). Please include details of both inclusion and exclusion criteria.

Inclusion criteria:

In vivo studies using animals of any species and lineage, both sex, exposed to an experimental model of early brain injury
in the pre, peri or immediately postnatal period.

In vivo studies in which animals are exposed to intervention in the pre-injury period (maternal supplementation) or post-
injury in the developing of any animal.

any flavonoids compounds in any dose or via of administration.

Exclusion criteria:

Non Early Brain injury

Exposure occurs later in life.
21. * Comparator(s)/control.

Where relevant, give details of the type(s) of control interventions against which the experimental condition(s) will be
compared (e.g. another intervention or a non-exposed control group). Please include details of both inclusion and exclusion
criteria.

Inclusion criteria:
A non-exposed control group

Exclusion criteria:
All other control conditions

22. * Study designs to be included.

Give details of the study designs eligible for inclusion in the review. If there are no restrictions on the types of study design
eligible for inclusion, or certain study types are excluded, this should be stated. Please include details of both inclusion and
exclusion criteria.

Inclusion criteria:
Controlled studies with a separate control group.

Exclusion criteria:
Case studies, cross-over studies, studies without a separate control group.

23. Other selection criteria or limitations applied.

Give details of any other inclusion and exclusion criteria, e.g. publication types (reviews, conference abstracts), publication
date, or language restrictions.

all languages, all publication dates.

24. * Outcome measure(s).

Give detail of the outcome measures to be considered for inclusion in the review. Please include details of both inclusion
and exclusion criteria.

Inclusion criteria:

https://www.crd.york.ac.uk/prospero/#recordDetails 4/8
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Lesion size, brain atrophy, demyelination, ventricular enlargement, loss of neurons, damage to axons and dendrites,
oligodendrocyte cell death and alterations of oligodendrocyte development.

Exclusion criteria:
no relevant outcomes reported

25. N/A.

This question does not apply to systematic reviews of animal studies for human health submissions.
26. * Study selection and data extraction.

Procedure for study selection
Phase 1: study titles and / or abstracts will be retrieved using the search strategy and additional sources (for example,
reference list of included studies) will be independently tracked by two review authors (SILVA and VISCO).

Phase 2: identify studies that potentially meet the inclusion criteria described above. The full text of these
Potentially eligible studies will be retrieved and independently assessed for eligibility by two members, any disagreement
between them on the eligibility of specific studies will be resolved through discussion with a third reviewer (TOSCANO).

Prioritise the exclusion criteria
Phase 1: Title/ Abstract screening
1. not an original article

2. not an early brain injury literature
3. not intervention with flavonoids
4. not an animal study

Phase 2: Full-text screening

5. genetically modified animals

6. non control comparison

7. In vitro assessment

8. Exposure occurs later in life

9. Case studies, cross-over studies, studies without a separate control group.
10.No relevant outcomes reported

11. full text not available

Methods for data extraction

Two reviewers will independently extract data from each included article. We first try to extract numerical
data from tables, text or figures. If these are not reported, we will extract data from graphs using digital ruler
software. In case data are not reported or unclear, we will attempt to contact authors by e-mail (max. 2
attempts). In case an outcome is measured at multiple time points, data from the time point where efficacy is
highest will be included.

A pre-piloted and standardized form will be used to extract data from the included studies for assessing the quality of the
study and synthesis of evidence. The information extracted will include: characteristics of the animals' baseline, species,
lineage, sex, type of model and extent of brain injury, time of insult, details of intervention and control conditions; study
methodology; recruitment and completion rates; measurement results and times; suggested mechanisms of exposure
action, as well as brain injury markers (lesion extent, number of apoptotic cells, cell death rate); information to assess the
risk of bias. Two review authors will extract the data independently, discrepancies will be identified and resolved through
discussion (with a third author, when necessary).

Data to be extracted: study design
Experimental groups, control group(s) and number of animals per group.

Data to be extracted: animal model
Species, sex, weight, age, type of experimental brain injury, duration of insult.

Data to be extracted: intervention of interest
Duration of insult exposure, flavonoids name, dose, timing of intervention frequency of intervention, rote of administration.

https://www.crd.york.ac.uk/prospero/#recordDetails 5/8
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Data to be extracted: primary outcome(s)

1. brain area (continous, mm2)

2. number of apoptotic cells (continous, n/mmz2)
3. rate of cell death (continuous, n/mmz2)

Data to be extracted: secondary outcome(s)
1 neurological function score

2 any motor measurement

3. any behavior measurement

Data to be extracted: other
1st author, year of publication, language, journal.

27. * Risk of bias and/or quality assessment.
State whether and how risk of bias and/or study quality will be assessed. Assessment tools specific for pre-clinical animal

studies include SYRCLE's risk of bias tool and the CAMARADES checklist for study quality

No risk of bias and/or quality assessment planned

No

By use of SYRCLE's risk of bias tool
Yes

By use of SYRCLE's risk of bias tool adapted as follows:
No

By use of the CAMARADES checklist for study quality
No

By use of the CAMARADES checklist for study quality, adapted as follows:
No

Other criteria, namely
No

Method for risk of bias and/or quality assessment
The risk of bias will be performed by two independent reviewers; discrepancies will be resolved by discussion.

28. * Strategy for data synthesis.

Planned approach

We will provide a narrative synthesis of the findings from the included studies, structured around the type of intervention,
animals characteristics, measure outcome and experimental content. We will provide summaries of intervention effects for
each study by calculating standardized mean differences for continuous outcomes.

We anticipate that there will be limited scope for meta-analysis because of the range of different outcomes measured
across the small number of existing trials. For the accomplishment of the meta-analysis, we stipulated a minimum number
of 2 3 studies, which include models of brain injury in early periods of life and that there is intervention with flavonoids.

However, where studies have used the same type of intervention and comparator, with the same outcome measure, we
will pool the results using a random-effects meta-analysis, with standardised mean differences for continuous outcomes
and calculate 95% confidence intervals and two sided P values for each outcome. In studies where the effects of clustering
have not been taken into account, we will adjust the standard deviations for the design effect.

Effect measure
Standardized Mean Difference
Effect models

https://www.crd.york.ac.uk/prospero/#recordDetails 6/8



18/05/2020 PROSPERO

Random-effects

Heterogeneity
12 statistic.

Other

If needed, appropriate corrections will be applied.
Corrections will be planned after data extraction and before programming and performing the analyses.

29. * Analysis of subgroups or subsets.

Subgroup analyses
1. model type

2. flavonoids type

3. age of assessment
Sensitivity

None planned

Publication bias
Publication bias will be assessed with a funnel plot, Egger regression and trim and fill.

30. * Review type.

Type of review

Animal model review Yes
Experimental animal exposure review No
Pre-clinical animal intervention review Yes

31. Language.

Select each country individually to add it to the list below, use the bin icon to remove any added in error.
English

There is not an English language summary

32. * Country.

Select the country in which the review is being carried out from the drop down list. For multi-national collaborations select
all the countries involved.

Brazil

Mexico

33. Other registration details.

List other places where the systematic review protocol is registered. The name of the organisation and any unique
identification number assigned to the review by that organisation should be included.

34. Reference and/or URL for published protocol.

Give the citation and link for the published protocol, if there is one.

No | do not make this file publicly available until the review is complete

https://www.crd.york.ac.uk/prospero/#recordDetails

99

718



100
18/05/2020 PROSPERO

35. Dissemination plans.

Give brief details of plans for communicating essential messages from the review to the appropriate audiences.

Do you intend to publish the review on completion?

Yes

36. * Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
early brain injury;

neuroprotection;

flavonoids;

animal study.

37. Details of any existing review of the same topic by the same authors.

Give details of earlier versions of the systematic review if an update of an existing review is being registered, including full
bibliographic reference if possible.

38. * Current review status.

Review status should be updated when the review is completed and when it is published.

Review_Ongoing

39. Any additional information.

Provide any further information the review team consider relevant to the registration of the review.

40. Details of final report/publication(s) or preprints if available.

This field should be left empty until details of the completed review are available OR you have a link to a preprint. Give the
full citation for the preprint or final report or publication of the systematic review.

https://www.crd.york.ac.uk/prospero/#recordDetails 8/8
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ANEXO D - NORMAS DA REVISTA “BMC MUSCULOSKELETAL DISORDERS”

Research article

Criteria

Research articles should report on original primary research, but may report on systematic
reviews of published research provided they adhere to the appropriate reporting guidelines
which are detailed in our editorial policies. Please note that non-commissioned pooled analyses
of selected published research will not be considered. Studies reporting descriptive results from
a single institution will only be considered if analogous data have not been previously published
in a peer reviewed journal and the conclusions provide distinct insights that are of relevance to
a regional or international audience.

BMC Musculoskeletal Disorders strongly encourages that all datasets on which the conclusions
of the paper rely should be available to readers. We encourage authors to ensure that their
datasets are either deposited in publicly available repositories (where available and appropriate)
or presented in the main manuscript or additional supporting files whenever possible. Please
see Springer Nature’s information on recommended repositories. Where a widely established
research community expectation for data archiving in public repositories exists, submission to
a community-endorsed, public repository is mandatory. A list of data where deposition is
required, with the appropriate repositories, can be found on the Editorial Policies Page.
Cropped gels and blots can be included in the main text if it improves the clarity and conciseness
of the presentation. In such cases, the cropping of the blot must be clearly evident and must be
mentioned in the figure legend. Corresponding uncropped full-length gels and blot should be
included in the supplementary information. These uncropped images should indicate where
they were cropped, be labelled as in the main text and placed in a single supplementary figure.
The manuscript's figure legends should state that 'Full-length blots/gels are presented in
Supplementary Figure X'. Further information can be found under 'Digital image
integrity’ which are detailed on our Standards of Reporting page.

Authors who need help depositing and curating data may wish to consider uploading their data
to Springer Nature’s Research Data Support or contacting our Research Data Support
Helpdesk. Springer Nature’s Research Data Support provides data deposition and curation to
help authors follow good practice in sharing and archiving of research data, and can be
accessed via an online form. The services provide secure and private submission of data files,
which are curated and managed by the Springer Nature Research Data team for public release,

in agreement with the submitting author. These services are provided in partnership with
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figshare. Checks are carried out as part of a submission screening process to ensure that

researchers who should use a specific community-endorsed repository are advised of the best
option for sharing and archiving their data. Use of Research Data Support is optional and does
not imply or guarantee that a manuscript will be accepted.
Preparing your manuscript
The information below details the section headings that you should include in your manuscript
and what information should be within each section.
Please note that your manuscript must include a 'Declarations' section including all of the
subheadings (please see below for more information).
Title page
The title page should:
e present atitle that includes, if appropriate, the study design e.g.:
"A versus B in the treatment of C: a randomized controlled trial”, "X is a risk
factor for Y: a case control study"”, "What is the impact of factor X on subject
Y: A systematic review"
o or for non-clinical or non-research studies a description of what the article
reports
« list the full names and institutional addresses for all authors
o ifacollaboration group should be listed as an author, please list the Group name
as an author. If you would like the names of the individual members of the Group
to be searchable through their individual PubMed records, please include this
information in the “Acknowledgements” section in accordance with the
instructions below
 indicate the corresponding author
Abstract
The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do
not cite references in the abstract. Reports of randomized controlled trials should follow
the CONSORT extension for abstracts. The abstract must include the following separate
sections:
e Background: the context and purpose of the study
e Methods: how the study was performed and statistical tests used
e Results: the main findings

e Conclusions: brief summary and potential implications
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o Trial registration: If your article reports the results of a health care intervention on

human participants, it must be registered in an appropriate registry and the registration
number and date of registration should be in stated in this section. If it was not registered
prospectively (before enrollment of the first participant), you should include the words
'retrospectively registered’. See our editorial policies for more information on trial
registration
Keywords
Three to ten keywords representing the main content of the article.
Background
The Background section should explain the background to the study, its aims, a summary of
the existing literature and why this study was necessary or its contribution to the field.
Methods
The methods section should include:
o the aim, design and setting of the study
o the characteristics of participants or description of materials
o aclear description of all processes, interventions and comparisons. Generic drug names
should generally be used. When proprietary brands are used in research, include the
brand names in parentheses
o the type of statistical analysis used, including a power calculation if appropriate
Results
This should include the findings of the study including, if appropriate, results of statistical
analysis which must be included either in the text or as tables and figures.
Discussion
This section should discuss the implications of the findings in context of existing research and
highlight limitations of the study.
Conclusions
This should state clearly the main conclusions and provide an explanation of the importance
and relevance of the study reported.
List of abbreviations
If abbreviations are used in the text they should be defined in the text at first use, and a list of
abbreviations should be provided.
Declarations
All manuscripts must contain the following sections under the heading 'Declarations':

o Ethics approval and consent to participate
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o Consent for publication

o Auvailability of data and materials

o Competing interests

o Funding

e Authors' contributions

e Acknowledgements

e Authors' information (optional)
Please see below for details on the information to be included in these sections.
If any of the sections are not relevant to your manuscript, please include the heading and write
‘Not applicable’ for that section.
Ethics approval and consent to participate
Manuscripts reporting studies involving human participants, human data or human tissue must:

e include a statement on ethics approval and consent (even where the need for approval

was waived)
e include the name of the ethics committee that approved the study and the committee’s
reference number if appropriate

Studies involving animals must include a statement on ethics approval and for experimental
studies involving client-owned animals, authors must also include a statement on informed
consent from the client or owner.
See our editorial policies for more information.
If your manuscript does not report on or involve the use of any animal or human data or tissue,
please state “Not applicable” in this section.
Consent for publication
If your manuscript contains any individual person’s data in any form (including any individual
details, images or videos), consent for publication must be obtained from that person, or in the
case of children, their parent or legal guardian. All presentations of case reports must have
consent for publication.
You can use your institutional consent form or our consent form if you prefer. You should not
send the form to us on submission, but we may request to see a copy at any stage (including
after publication).
See our editorial policies for more information on consent for publication.
If your manuscript does not contain data from any individual person, please state “Not
applicable” in this section.

Availability of data and materials
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All manuscripts must include an ‘Availability of data and materials’ statement. Data availability

statements should include information on where data supporting the results reported in the
article can be found including, where applicable, hyperlinks to publicly archived datasets
analysed or generated during the study. By data we mean the minimal dataset that would be
necessary to interpret, replicate and build upon the findings reported in the article. We recognise
it is not always possible to share research data publicly, for instance when individual privacy
could be compromised, and in such instances data availability should still be stated in the
manuscript along with any conditions for access.

Data availability statements can take one of the following forms (or a combination of more than
one if required for multiple datasets):

e The datasets generated and/or analysed during the current study are available in the
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

e The datasets used and/or analysed during the current study are available from the
corresponding author on reasonable request.

o All data generated or analysed during this study are included in this published article
[and its supplementary information files].

e The datasets generated and/or analysed during the current study are not publicly
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.

o Data sharing is not applicable to this article as no datasets were generated or analysed
during the current study.

e The data that support the findings of this study are available from [third party name] but
restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of [third party name].

e Not applicable. If your manuscript does not contain any data, please state 'Not
applicable' in this section.

More examples of template data availability statements, which include examples of openly
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