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RESUMO

O presente trabalho se baseia em possiveis efeitos da manipulacdo serotoninérgica, apos a
administracdo de inibidores da recaptacdo da serotonina — SSRIs. O trabalho apresenta como
objetivo geral, investigar a maturacdo somatica, o desenvolvimento sensério-motor e 0
comportamento alimentar neonatal, em ratos Wistar tratados ou ndo com inibidores seletivos da
recaptacdo da serotonina — SSRIs. De acordo com o objetivo geral, algumas hipoteses foram
levantadas: 1- Tratamento neonatal com SSRIs citalopram, fluoxetina e sertralina, em diferentes
doses retarda o crescimento somético, através das medidas do peso corporal, das medidas dos
eixos craniais e da maturacdo de caracteristicas fisicas, bem como provoca retardos no
desenvolvimento sensério motor. 2- O peso corporal, a ingestdo alimentar dos filhotes e o
comportamento alimentar neonatal sofrem atrasos apos administracdo de fluoxetina -SSRI em
animais neonatos, em diferentes doses. Durante o desenvolvimento deste estudo, as hipdteses
foram testadas e os resultados obtidos. Tais resultados estdo apresentados em artigos aceitos ou
submetidos para publicagdo e conduziram as seguintes conclusdes: De maneira geral, 0
tratamento com citalopram, fluoxetina e sertralina, em particular nas maiores doses, provocou
significantes retardos no ganho de peso corporal e nos eixos craniais, modificando a estrutura
craniofacial até o final do experimento e provocou retardo na maturacdo da maioria das
caracteristicas fisicas. Outrossim, observou-se retardo na maioria dos reflexos estudados. O
tratamento neonatal com fluoxetina em diferentes doses retardou o ganho de peso corporal e
reduziu a ingestdo alimentar nos filhotes, em todas as doses utilizadas. Os comportamentos de
interacdo méae-filho e o comportamento de limpeza tiveram a freqiiéncia aumentada nos animais
tratados na maior dose. Os resultados demonstrados neste trabalho tornam evidente que
tratamento crénico com SSRIs no periodo de rapido crescimento do encéfalo, de alguma maneira
causa danos ao crescimento e ao desenvolvimento de animais, alterando ainda respostas
comportamentais. E, portanto sugestiva a participacéo do sistema serotoninérgico em mecanismos
fisioldgicos que determinam a maturacdo de determinadas funcBes neurais e 0 crescimento de
tecidos ndo neurais no inicio da vida.

Palavras-chave: Crescimento. Citalopram. Fluoxetina. Sertralina. Serotonina.
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ABSTRACT

The present work if base on a possible effect of the serotoninergic manipulation, after
administration of the selective serotonin reuptake inhibitor - SSRIs. The work presents as general
objective, to investigate the somatic maturation, the development sensory- motor and the neonatal
feeding behavior, in Wistar rats that had a treated or not with selective serotonin reuptake
inhibitor. According the general objective, some hypotheses had been raised: 1-Neonatal
treatment with SSRIs citalopram, fluoxetine and sertraline, in different doses delays the somatic
growth, through the measures of the body weight, the measures of the cranial axis and the
physical features maturation , as well as provokes retards in the sensory- motor development. 2-
The body weight, the pups ingestion and the neonatal feeding behavior, suffer to delays after
administration from fluoxetine in neonates rats, in different doses. During the development of this
study, the hypotheses had been tested and the results was presented in this study. Such results are
presented in accepted or submitted articles for publication and had lead to the following
conclusions: In general way, the treatment with citalopram, fluoxetine and sertraline, in particular
in the higgest doses, provoked significant retards in the body weight and the cranial axis,
modifying the craniofacial structure until the finished of experiment and also provoked retardation
in the maturation of the majority of the physical characteristics. Also, was observed retard in the
majority of the reflex studied The neonatal treatment with fluoxetine in different doses delayed
the body weight and reduced the pups ingestion in all the used doses. The interaction of the
mother-pups and the grooming had the frequency increased in the animals, treated in the highest
dose. The results demonstrated in this work become evident that, chronic treatment with SSRIs in
the period of brain growth spurt of in some way cause damages to the growth and the
development of animals, modifying still mannering answers. it is, therefore, suggestive the
participation of the serotoninergic system in physiological mechanisms that determine the
maturation of definitive neural functions and the no neural tissues growth in the early in life.

Keywords: Development. Growth. Citalopram. Fluoxetine. Sertraline. Food behavior. Neonate.
Serotonin.
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1 INTRODUCAO

O presente estudo foi realizado no laboratorio de Fisiologia da Nutricdo Dra. Naide
Teoddsio do Departamento de Nutricdo da Universidade Federal de Pernambuco, tendo como
orientador o Professor Raul Manhaes de Castro, Doutor em Farmacologia Experimental e neste
estudo foram investigados os efeitos da manipulacdo farmacoldgica neonatal com trés agentes
serotoninérgicos, antidepressivos - inibidores da recaptacdo da serotonina (SSRIs) — sobre o
crescimento somatico e sensério motor de ratos neonatos, além do estudo de parametros do
comportamento alimentar neonatal. Este trabalho de pesquisa gerou cinco artigos cientificos: O
primeiro intitulado Neonatal administration of citalopram delays somatic maturation in rats,
aceito para publicacdo como artigo original na revista: Brazilian Journal of Medical and Bilogical
Research em maio de 2004. Neste estudo observou-se que o tratamento com citalopram durante o
periodo de aleitamento retarda o ganho de peso corporal, altera o crescimento do cranio e provoca
retardo na maturacdo de caracteristicas fisicas. O segundo manuscrito intitulado: Neonatal
treatment with fluoxetine delays the somatic maturation and reflex ontogeny, submetido para
publicacdo como artigo original na revista: Pharmacology Biochemistry and Behavior - julho de
2004.

Neste estudo observou-se que o tratamento com fluoxetina durante o periodo critico de
desenvolvimento do SN, retarda a evolucdo ponderal, a maturacdo de caracteristicas fisicas, o
crescimento corporal, altera o crescimento do cranio, e atrasa a maturacdo da maioria dos reflexos
estudados. O terceiro artigo sob o titulo: Sertraline delays the somatic growth and reflex
ontogeny in neonate rats, submetido para publicagdo como artigo original na revista: Physiology
and Behavior julho de 2004. Neste trabalho observou-se que o tratamento com sertralina durante
o0 periodo critico de desenvolvimento do cérebro, retarda o crescimento corporal dos animais e 0
ganho de peso, altera o crescimento da estrutura cranial, retarda a maturacdo de caracteristicas
fisicas e atrasos na maturacéo de reflexos. O quarto artigo intitulado: Neonatal treatment with
the serotonin selective reuptake inhibitor citalopram, delays reflex ontogeny, submetido para
publicagdo como artigo original na revista: Archives General Psychiatry - julno de 2004. Este
estudo mostrou que o tratamento com citalopram durante o periodo vulneravel do SN, retarda a
evolucdo ponderal e atrasa a maturacdo da maioria dos reflexos estudados. E finalmente o quinto
artigo intitulado, Neonatal feeding behavior: effect of the treatment with SSRI fluoxetine,
submetido para publicagdo como artigo original na revista: Brazilian Journal of Medical and
Biological Research - julho de 2004. O tratamento com fluoxetina durante o periodo de

aleitamento retardou a evolugéo ponderal e reduziu a ingestdo alimentar neonatal.
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1.1 Crescimento, desenvolvimento e sistema nervoso.

Em mamiferos, de acordo com cada espécie, o crescimento estrutural e o desenvolvimento
cumprem as etapas de maturacdo de forma muito semelhante (Morgane et al 1978; Morgane et al
1993). Em particular, os estudos dos aspectos anatdmicos, bioquimicos e fisiologicos desses
organismos, contribuem sobremodo para melhor compreender a ontogénese do sistema nervoso
(SN). O desenvolvimento morfofuncional adequado da estrutura nervosa € a base para a
expressao comportamental nesses individuos (Morgane et al., 1993). Evidentemente, dentre o0s
varios fatores necessarios, um adequado suprimento de nutrientes € indispensavel para manter o
crescimento em nivel celular bem como, em Ultima instancia, as distintas func@es inerentes a cada
um dos sistemas fisioldgicos, inclusive o sistema nervoso (SN) (Morgane, 1993; Wainwright et al,

1999; Perez-Torrero et al, 2001).

O crescimento celular em qualquer sistema, inclusive o sistema nervoso central (SNC), é
caracterizado por importantes etapas classicamente conhecidas como fase de hiperplasia,
hiperplasia com hipertrofia e fase de hipertrofia respectivamente (Winick, 1972; Morgane et al.,
1993). Durante a ontogénese do SNC, tanto no homem como no rato, é particularmente decisiva
para a determinacdo das caracteristicas morfo-funcionais adultas, a fase que envolve processos de
diferenciacdo neuronal, migracao, sinaptogénese, multiplicacéo glial e mielinizacdo (Morgane et
al 1978). Este periodo de rapido crescimento, assim denominado por Smart J. L. e Dobbing
(1971a), se constitui em fase mais sensivel as agressdes, sendo, portanto considerado como

periodo critico do desenvolvimento do SN (Winick, 1972; Morgane et al., 1993).

Em humanos, este periodo coincide com o ultimo trimestre de gestacdo, podendo se
estender até o terceiro ou quarto anos de vida (Morgane et al., 1978). No rato, ocorre nas trés
primeiras semanas ap0s 0 nascimento e corresponde ao periodo de aleitamento (Smart J. L. e
Dobbing, 1971b). Neste periodo, de acordo com a idade, portanto, a grande velocidade com que

ocorrem os eventos celulares torna 0 SN altamente vulneravel as agressoes, estas podem alterar o
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desenvolvimento normal, afetar a estrutura nervosa e induzir consequiéncias imprevisiveis sobre,
por exemplo, a ontogénese de reflexos (Otellin et al, 2002).

Eventos seqiienciais apresentados pelo SN durante o desenvolvimento pré e pos-natal,
determinam a composicdo neuroquimica e a estrutura morfofuncional definitivas, presentes no
adulto (Morgane et al., 1993; 2002). Como a estrutura do SN ndo é homogénea, a proliferacéo
celular varia em intensidade, de acordo com a regido, o tipo celular e a etapa do desenvolvimento
(Winick, 1972; Morgane et al., 1993). No cérebro de ratos, a divisdo celular vai até os 21 dias
apos o nascimento; ja no cerebelo, ndo ultrapassa os 16 ou 17 dias (Morgane et al., 1978).

Os eventos do crescimento e desenvolvimento, até aqui mencionados, sdo observados em
todas as regibes do SN e podem ser modificados por fatores exdgenos, tais como alteracoes
nutricionais e manipulac@es farmacoldgicas dos sistemas de neurotransmissores. A desnutricdo no
periodo perinatal altera a forma dos neurdnios (Borba et al., 2000), modifica a excitabilidade
cerebral, aumentando a velocidade da “depressdo alastrante” cortical (Guedes et al, 1992) e a
resposta agressiva em ratos adultos (Barreto Medeiros et al., 2002). Ja a manipulacdo
farmacolégica neonatal com inibidor seletivo da recaptacdo da serotonina (SSRI, causa reducéo
da agressividade, altera o tempo de imobilizacdo e as tentativas de fuga em modelo de depresséo

experimental no adulto e causa retardo na evolugdo ponderal, sobretudo

durante o periodo do tratamento (Manhaes de Castro et al., 1995; Manhé&es de Castro et al., 1996;
Manhées de Castro et al., 2001; Barreto Medeiros et al., 2004) (Figura 1- fotos de avaliacdes do
crescimento corporal). Ratos submetidos ao uso de etanol durante a vida intra-uterina
apresentaram anormalidades especificas que alteraram 0s componentes do sistema
serotoninérgico (Kim et al,1996). Assim, a depender da magnitude, insultos ao SN durante o
periodo réapido de crescimento podem acarretar deficiéncias permanentes no cerebro e em outros

tecidos (Winick, 1972; Morgane et al., 1993).
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O desenvolvimento e a plasticidade sdo determinantes da organizacdo morfofuncional do
sistema nervoso. As alteracbes dessas propriedades podem ser a base de processos
fisiopatoldgicos (envolvendo eventos neuroquimicos, mudancas neuro-estruturais, alteracbes da
excitabilidade neural e alteracbes do comportamento), encontrados em importantes doencas
humanas. Estudos que interpretem a relacdo entre os distintos eventos do desenvolvimento,
constitui-se ferramentas utilizadas para a compreensdo dos efeitos das agressdes, ocorridas
durante a maturacdo do SN (Morgane et al., 1993).

A neurotransmissdo constitui-se na funcdo precipua das células nervosas. Contudo, as
moléculas neurotransmissoras tém outras funcdes, em particular, no desenvolvimento pré
(Buznikov et al., 1967; 1993) e pos-natal (Lidov e Molliver, 1982), servindo também como sinais
transitorios que modulam a proliferacdo celular em diversos tecidos. Outrossim, 0s
neurotransmissores (Morgane et al, 2002) sdo em muitos dos casos, sintetizados a partir de
aminoacidos provenientes dos alimentos e que por vezes atuam como o0 proprio neurotransmissor.
Dentre 0s neurotransmissores Cujos precursores sdo aminoacidos essenciais, esta a serotonina. A
serotonina tem se revelado uma molécula fundamental na filogénese e no desenvolvimento dos

seres vivos (Turlejsky, 1996).

1.2 Crescimento, desenvolvimento e sistema serotoninérgico

A serotonina juntamente com 0s neurdbnios que a liberam e todos seus receptores
constituem o sistema de neurotransmissdao serotoninérgico. A 5-hidroxitriptamina ou 5-HT
tem como precursor o aminoacido essencial triptofano que origina a 5SHT apds duas reades
enzimaticas, cujos os niveis hipotalamicos quando elevados, aumenta 0s niveis dessa
indolamina nos tecidos e sua liberacdo, ocorrendo 0 oposto quando os niveis do triptofano se
encontra reduzido (Schaechter e Wurtman,1990), A 5-HT , esta presente em varias espécies

desde as mais primitivas como os artropodes moluscos e insetos, até as mais evoluidas como
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0 homem (Turlejsky, 1996). As inervagdes serotoninérgicas aparecem muito precocemente,
sendo provavelmente as primeiras projecoes a longa distancia no cérebro (Lauder e Bloom,
1971). Em ratos, os primeiros neurdnios serotoninérgicos aparecem entre 12° e 14° dias da
gestacdo (Lauder e Bloom, 1971). Os nucleos da rafe no tronco cerebral, onde muitos corpos
celulares dos neurdnios serotoninérgicos estdo localizados (Figura 2), projetam axonios para a
maioria das estruturas do SNC (Jacobs e Azmitia, 1992). As multiplas intervencfes da 5-HT
em nivel central no animal adulto teriam, portanto, esse primeiro suporte anatdmico.

Estruturas moleculares protéicas denominadas receptores sdo as responsaveis pelas acoes
da serotonina em nivel celular, estas aces resultam mais precisamente da interacdo da amina com
seus receptores especificos. Estes, apresentam uma heterogeneidade surpreendente e localiza¢do
pré e pods-sinaptica (neste ultimo caso, em neurbnios serotoninérgicos ou ndo). Ja foram
identificados 14 tipos e subtipos de receptores serotoninérgicos (Manhdes de Castro, 1996, Hoyer
etal., 1994).

Durante o desenvolvimento do cérebro, a serotonina, atuando em seus mdaltiplos
receptores, é possivelmente um fator neuronal tréfico (Hamon e Emerit, 1989). Estimulacéo da
glia, para producéo de fatores troficos, foi observada por Whitaker-Azmitia (1989; Liu e Lauder
1992) em estudos in vitro. A regulacdo serotoninérgica das interagdes mesengquima-epitélio com
importante papel na morfogénese craniofacial foi observada por Shuei et al., (1993).

Em mamiferos, a densidade final e localizacdo de terminais serotoninérgicos sao
estabelecidas durante a maturagcdo pos-natal do sistema nervoso central que, em ratos, pode durar
semanas ou meses (Lidov e Molliver 1982; Azmitia et al., 1983; Wallace e Lauder 1983). No
periodo de desenvolvimento pds-natal, grandes variagdes na medida das ligages especificas de
agonistas dos receptores 5-HT ocorrem em varias regides cerebrais (Daval et al., 1987). Ratos
neonatos apresentam um progressivo aumento dos sitios 5-HT1a desde o periodo pos-natal até a

fase adulta; neste caso, no girus denteado, no hipocampo e no cortex cerebral (Daval et al., 1987).
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Altas densidades de receptores serotoninérgicos 5-HT;a sdo observados no lobo occipital
de cérebros de fetos de macacos; estes receptores parecem estar envolvidos com o estimulo a
proliferacdo de neurdnios corticais durante o periodo de crescimento nestes animais (Lidow et
Rakic, 1995). Assim, parecem atuar como sinalizadores do desenvolvimento de diversas
estruturas do sistema nervoso, particularmente aquelas associadas a fun¢des nas quais a serotonina
desempenha um papel como neurotransmissor ou neuromodulador, como é o caso do
comportamento alimentar.

1.3  Sistema serotoninérgico e comportamento alimentar neonatal

Os comportamentos sdo disparados e guiados por eventos neurais, porém cada ato
comportamental envolve, nos sistemas fisioldgicos periféricos, uma resposta que € traduzida na
atividade neuroguimica do cérebro (Blundell, 1993). A ingestdo alimentar é regulada por uma
complexa interacdo de mecanismos periféricos e centrais (York, 1999). O controle do apetite
reflete, no homem, a operacdo sincrénica entre: 1- eventos psicoldgicos (percepcao da fome,
desejos) e operagcBes comportamentais (refeicdo, ingestdo de alimentos); 2- Eventos metabélicos e
fisiologicos periféricos; 3- Interacdes metabdlicas e de neurotransmissores no cérebro (Blundell,
1993). Esta atividade cerebral é a base da motivagdo para ativar ou inibir a ingestdo (Blundell,
1993).

As experiéncias alimentares no inicio da vida tém implicacdes para o crescimento e
desenvolvimento e para a formacdo dos tracos comportamentais (Selling et al.,1947). No ser
humano, a interagdo materno-infantil diaria, em particular durante a alimentacdo, parece ter
impacto psicoldgico (Keren e Tyano, 1998). Os sentimentos em torno de experiéncias alimentares
precoces desenvolvem a relagdo da crianga com o ambiente (Selling et al., 1947). Assim,
distarbios alimentares no adulto poderiam, muitas vezes, refletir transtornos ocorridos na infancia
(Keren e Tyano, 1998). Entretanto, as bases experimentais para esta proposi¢cdo ainda nédo estdo

consolidadas. No rato, este periodo, corresponde ao aleitamento e apresenta intenso crescimento e
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diferenciacdo do SN. Ao nascimento, o repertério comportamental murino é primitivo e limitado,
caracterizando-se por reflexo de enrolar-se em resposta a estimulos nocivos, locomocao dianteira
rude e succao (Hall et al., 1977).

O comportamento de succdo em mamiferos € uma atividade sob mdaltiplos controles,
originando e recebendo diferentes influéncias atraves do desenvolvimento. (Friedman, 1975; Hall
et al., 1977; Smortherman e Robinson, 1994). Do ponto de vista nutricional, a succdo € um
analogo primitivo do comportamento adulto, sofrendo alteracfes graduais até o padrdo alimentar
definitivo (Houpt e Epstein, 1973; Hall et al., 1977).

Durante a ontogénese, o comportamento alimentar dos mamiferos sofre uma intensa
mudanca. Ao nascimento, ele é simples e automatico, transformando-se, em pouco tempo, no
comportamento adulto complexo (Houpt e Epstein, 1973). No rato, até o 18° dia de vida o
controle do comportamento alimentar ndo apresenta caracteristicas do animal adulto (Weller,
2000). Nesse mamifero, a maturidade comportamental parece ser atingida quando a suc¢do
termina em resposta a sinais de saciedade; os sinais periféricos principalmente de distensdo
gastrointestinal preponderam antes dos 14 dias de vida (Hall e Rosenblatt, 1978). A medida que o
desenvolvimento ocorre, esses animais iniciam respostas aos reguladores nervosos centrais. A
colecistocinina mostra-se ineficiente em ratos com 10 dias de idade, contudo, reduz a ingestdo em
ratos a partir dos 20 dias (60%) até a idade adulta (Antin et al.; 1975; Weller et al.; 1990). A partir
desta mesma idade, a sequéncia comportamental de saciedade é tambeém similar aquela do adulto,
com concomitante redugdo do consumo de leite materno (Hall e Rosenblett, 1977). Quanto a
privacdo alimentar, ratos respondem no primeiro dia de vida, de forma similar aos adultos,
aumentando a ingestdo subseqtiente (Moorcroft, 1971; Houpt e Epstein, 1973; Henning et al.,
1979).

O rato neonato depende de sua mée para uma variedade de funces fisioldgicas, como

manutencdo da temperatura corporal, excrecdo urinaria e alimentacdo (Friedman, 1975).
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Aproximadamente até o 14° dia de idade, eles tém suas maes como fonte Unica de alimento, e a
disponibilidade de leite varia assim com a presenca ou auséncia materna no ninho, com seu estado
emocional e nutricional (Friedman, 1975). Até os filhotes alcancarem maturidade para
autocontrole da ingestdo, € a mae quem os estimula a iniciar a suc¢do (Rosenblatt, 1969). A
ritmicidade bioldgica materna impde-se sobre a dos filhotes, pois o padrdo de ganho ponderal
destes varia em funcio da disponibilidade do alimento para a méde (Levin e Stern, 1975). E
provavel que os filhotes, a partir do 14° dia também auxiliados pela abertura dos olhos, sejam
estimulados a comer alimento solido quando a mée também o fizer (Galef e Clark, 1971a).
Ademais, a presenca da mée influencia o tipo de alimento selecionado e 0 momento inicial da
alimentacdo (Galef e Clark, 1972 b).

Estudos de Blundell, (1994), Halford e Blundell (2000) e Rodgerset al., (2002),
demonstram a essencialidade da atividade cerebral como sendo a base da motivacao para ativar ou
inibir a ingestdo. A participacdo de neurotransmissores, em particular a serotonina (5-HT) em
estudos comportamentais com animais adultos, sdo abundantes na literatura (Blundell, 1991;
Lightowler, 1994; Chopin et al., 1994; Halford e Blundell, 1996a; Halford e Blundell, 1996b).

Em animais adultos, injecdo de pequenas doses de serotonina no nucleo
paraventricular do hipotadlamo leva a uma reducdo no consumo de carboidratos. Entretanto,
quando altas doses de serotonina sdo injetadas, em geral uma anorexia pode ocorrer.
(Toornvliet, 1996). Outros estudos indicam que a maioria dos tratamentos que aumentam a
disponibilidade da 5-HT na fenda sinaptica resultam numa reducdo do consumo alimentar em
mamiferos. Outrossim, eventos que direta ou indiretamente diminuem a disponibilidade da 5-
HT na fenda sinéptica, causam o efeito oposto (Blundel, 1984; 1986; Simansky, 1996). A
alteracdo na disponibilidade sinéptica do neurotransmissor afetara a sua interacdo com 0s
receptores a nivel celular. No animal adulto, através da interagdo com o0s receptores

serotoninérgicos, a serotonina elicia ou modula uma ampla variedade de funcdes do SNC,
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dentre as quais, o0 comportamento alimentar (Chopin et al., 1994). Dos subtipos de receptores
estudados até 0 momento, as evidéncias sugerem que 5-HTia, 5-HT1g € 5-HT,c tém papel
importante no controle da ingestdo alimentar (Halford e Blundel, 1996a, 1996b). Os
agonistas ndo seletivos dos receptores serotoninérgicos e drogas que independente de sua
acao terapéutica aumentam a disponibilidade sinaptica de serotonina como precursores,
agentes liberadores ou inibidores de recaptacdo, reduzem o consumo alimentar (Samanin et
al., 1972, 1979; Goudie et al., 1976; Sugrue, 1987; Lucki et al., 1988; Clifton et al, 1989).
Estudos de Garattini (1995) mostraram que d-fenfluramina, cuja acdo farmacoldgica é
aumentar a disponibilidade sinaptica da serotonina, causa reducdo da ingestdo alimentar em
ratos. Achados semelhantes foram observados apds administracdo de fluoxetina em animais
pré-tratados com pCPA, um inibidor de sintese da 5-HT (Lightowler et al, 1996). Embora o
pré-tratamento com pCPA tenha causado uma reducdo de 90% da 5-HT e 5-HIAA, esses

autores observaram que o efeito hipofagico da fluoxetina néo foi alterado.

1.4 Outros neurotransmissores envolvidos no comportamento alimentar

Estudos demonstram que tratamento agudo com inibidor da recaptacédo da
noradrenalina (NE) da 5-HT, sibutramina, reduz a ingestdo alimentar (Jackson et
al., 1997a; Jackson et., al 1997b), podendo essa perda de peso estar relacionada
com a dose dessa substancia (Bray et al., 1999). Estudo de Leibowitz, 1970,
propde que NE enddgena reduz alimentacdo quando sua acdo ocorre através de
receptores adrenérgicos hipotaldmicos lateral, mas aumenta a alimentacao
através de receptores adrenérgicos no hipotalamo ventro-medial. Aumento da

liberacdo de NE tem sido observada no hipotalamo total durante alimentacéo ou
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tratamento com doses que induzem a saciedade com o0 octapepideo
colecistocinina, (CCK-8) administradas perifericamente (Kaneyuky, Morimasa e
Shomori, 1986). Estudo mais recente, entretanto (Cannon e Palmiter 2003), é
controverso, demonstrando que o tratamento com CCK-8 é importante no
controle do tamanho da alimentagdo, mas a NE n&o interferiu na saciedade

induzida pela CCK.

As evidéncias acima demonstram a complexidade dos eventos que envolvem o
comportamento alimentar, em especial do animal neonato. Alguns comportamentos do filhote
no processo alimentar, se tornam mais bem elaborados com a idade e independentes da mae,
enquanto outros, desaparecem. Ademais, € evidente, mas ainda meritoria de estudos, a

participacdo do sistema serotoninérgico no desenvolvimento do comportamento alimentar.

1.5  Abordagem cientifica e perguntas importantes

A luz das evidéncias acima referidas, os componentes do sistema serotoninérgico,
parecem estar envolvidos no desenvolvimento do sistema nervoso, além de desempenharem
importante funcdo reguladora no comportamento alimentar do animal adulto. Entretanto, no
que concerne ao desenvolvimento do comportamento alimentar, ainda séo insipientes estudos
sobre o papel direto ou indireto da serotonina. Estamos, portanto diante de questes cientificas
que precisam ser elucidadas e assim fornecer contribuicdo decisiva para o entendimento da
estreita relacdo entre o sistema nervoso e a nutricdo em mamiferos. Uma primeira pergunta,
focalizando em particular, o desenvolvimento do comportamento neonatal, de sua fase inicial
até aquela muito semelhante a do animal adulto, seria: Como fatores epigenéticos, a exemplo
da manipulacdo farmacologica, precisa e especifica do sistema serotoninérgico, poderiam

influenciar no desenvolvimento do comportamento alimentar? A interferéncia na expresséo



desses fendmenos que constituem a inteireza do comportamento alimentar, muito dos quais
pré-estabelecidos, podem comprometer a estrutura comportamental definitiva do adulto?
Outra questao, ndo menos importante, ainda nao totalmente esclarecida, mas certamente mais
estudada é: Como o crescimento de tecidos neurais ou ndo neurais, que expressam um padrédo
determinado, seriam modificados, direta ou indiretamente, por alteracdes de componentes
serotoninérgicos durante o periodo critico de desenvolvimento.

A expressdo do crescimento somatico e de reflexos compBe aspectos cruciais do
desenvolvimento no mundo animal e em particular nos mamiferos. O reflexo, produto da funcéo
nervosa, € um comportamento provocado por estimulacdo preestabelecida e precisa (Smart e
Dobbing, 1971a). Os reflexos aparecem em periodos determinados durante o desenvolvimento
ontogenético (Fox, 1965). Os diversos reflexos (Figura 3 e 4 a-g) superpdem-se uns aos outros,
caracterizando também a ocorréncia simultanea de varios eventos estruturais do desenvolvimento
do SNC. O aparecimento dos reflexos parece assim obedecer a uma seqliéncia pré-determinada de
acordo com a idade dos animais (Fox, 1965; Smart e Dobbing, 1971a). Isso € uma constatacdo
surpreendente, especialmente para aquela seqiiéncia de reflexos que sdo a base para 0s
movimentos da cabeca e influenciam concomitantemente a posi¢éo das patas. Isto pode ser visto
com clareza nos reflexos de recuperacdo do decubito e da geotaxia negativa em ratos. Assim,
muitos reflexos menos complexos expressam atividades labirinticas e constituem
comportamentos com alto grau de complexidade relacionados a sobrevivéncia do animal, por
exemplo: a conservacdo da temperatura, a alimentagdo e outros (Fox, 1965). Pode-se inferir,
portanto, a existéncia de uma estreita relacdo entre os fatores genéticos, ambientais, o
desenvolvimento estrutural, bioquimico, funcional e o aparecimento da atividade reflexa, da mais
simples até aquela mais complexa. Isto tudo indicando o desenvolvimento harmonioso do

funcionamento paulatino do sistema nervoso. O fato da desnutricdo pds-natal, uma perturbacéao
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ambiental, acarretar retardo na ontogénese de reflexos (Adlard e Dobbing, 1971) € um claro
exemplo.

Atualmente, com o avanco da farmacologia, é possivel dispor de substancias altamente
seletivas que atuam especificamente em determinados sistemas de neurotransmissores. Para
aumentar a disponibilidade sinaptica de serotonina e assim observar o papel do sistema
serotoninérgico nos parametros a serem estudados, utilizaremos portanto, no presente
trabalho, os inibidores seletivos de recaptacdo da 5-HT (SSRIs). Citalopram, fluoxetina e
sertralina sdo potentes SSRIs, sdo substancias que interferem na transmissdo sinaptica da
serotonina, porém diferem em sua estrutura quimica, metabolismo e farmacocinética,
apresentando mecanismos comuns de acdo (Figura 5) (Baumman e Rochat, 1995). Fluoxetina
e citalopram estdo disponiveis quimicamente como racematos. Estudo realizado com ratos, in
vitro, demonstrou que o citalopram nas suas formas isémeras, S-citalopram e S-
demetilcitalopram, sdo potentes SSRIs (Hyttel, 1994; Baumman e Rochat, 1995). Citalopram
é metabolizado a demetilcitalopram e a N-didemetilcitalopram. Sertralina também possui seu
metabdlito ativo que é formado por N-dimetilacdo (norsertralina), bem como a fluoxetina que
também é demetilada a norfluoxetina. Todos estes metabdlitos sdo também SSRIs, menos
potentes (Baumman, 1996; Eap e Baumann 1996). Além disso, apresentam alta afinidade por
sitios de recaptacdo da serotonina, 0 que as tornam drogas modelo, para estudos que
envolvam esse neurotransmissor (Arranz e Marcusson, 1994). Portanto, todos estes SSRIs
sdo a principio ferramentas farmacoldgicas altamente especificas e relativamente precisas
que podem ser usadas para manipulacdo em nivel celular. Ja ha um acumulo razoavel de
conhecimento a partir dos estudos do papel do sistema serotoninérgico em diversas funcdes.
O que permite a utilizacdo por especialistas de agentes serotoninérgicos no tratamento de
diversos transtornos, inclusive aqueles que envolvem o comportamento alimentar. Contudo,

de modo menos criterioso, estes mesmos produtos vém sendo utilizados em varios organismos
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em idades cada vez mais precoces (Oberlander 2000). A excecdo dos trabalhos de poucos
grupos, dentre estes 0s nossos, nao tém sido encontrados na literatura, estudos sobre as
conseqiiéncias de manipulaces diretas ou indiretas do sistema serotoninérgico ocorridas
durante o periodo critico de desenvolvimento do SN sobre o comportamento. Entre os estudos
realizados em nosso laboratério, um deles demonstrou que em ratos neonatos desnutridos ha
atraso no padrdo de desenvolvimento do comportamento alimentar (Souza, 2001) (Figura 6
a,b,c). Em outro estudo de nossa equipe, foi observado que o tratamento neonatal com
tianeptina (um incentivador da recaptacdo da serotonina) ndo produz alteracdes no
desenvolvimento do comportamento alimentar (Freitas Silva, 2002). Pretendemos com a

presente abordagem avancar nessa linha de pesquisa.
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1.6  Figuras

Figura 1 - Fotos dos procedimentos de avaliacdes.

f

EORUBEL]

Fonte: Fotos da autora: A- comprimento da cauda; B- eixo latero-lateral do cranio; C- eixo
antero-posterior do cranio; D- eixo longitudinal do corpo.



Figura 2. Distribuicdo das vias serotoninérgicas no cérebro.

Fonte: Modificado de Snyder, S.H. in: Drugs and the Brain. Scientific American
1996.
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Libery,
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Figura 3. Fotos da avaliacao das caracteristicas fisicas. A- abertura do pavilhdo auditivo, B- abertura
do conduto auditivo, C- Irrup¢éo dos incisivos inferiores; D- Abertura dos olhos.

Fonte: Fotos da autora: A- abertura do pavilhdo auditivo, B- abertura do conduto auditivo, C-
Irrupcéo dos incisivos inferiores; D- Abertura dos olhos.
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Figura 4a - Estudo do reflexo de preensdo palmar. Ao leve contato com bastdo metalico,

ocorre rapida flexdo dos dedos
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Figura 4b. Estudo do reflexo de recuperacdo de decubito. A — O pesquisador mantém o rato
em decubito dorsal; B e C- retirada a contencdo, o0 rato gira o tronco sobre o proprio eixo; D-
Rato alcanca o decubito ventral, apoiado sobre as quatro patas.

A

Figura 4c. Estudo do reflexo de colocacdo pelas vibrissas. A -O pesquisador segura o rato
pela cauda de modo a permitir que suas vibrissas toquem a borda de uma mesa, assim, o rato
inclina seu corpo em direcdo a mesa; B- o rato apodia as patas anteriores e realiza movimentos

de marcha.

A B C

Figura 4d. Estudo do reflexo de aversdo ao precipicio; A- o rato é colocado proximo a
borda da mesa, de forma que suas patas anteriores toquem esta borda, B- ele retrai o corpo,
fazendo uma rotacao lateral do tronco, C- se afasta da mesa.
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A B C

Figura 4e. Estudo do reflexo de geotaxia negativa; A - o rato é colocado numa rampa
inclinada (45°) de cabega para baixo, B- animal realizando retorno com torgéo lateral do
tronco, C- posicionando sua cabeca para o plano mais elevado e inicio de marcha.

Figura 4f. Estudo do reflexo de resposta ao susto.
Com a batida de um bastdo sobre um recipiente
metélico, produz-se um ruido subito e o animal se
retrai e apresenta tremor.

Figura 4g. Estudo do reflexo de recuperacao de decubito. A — O rato é solto de uma altura de
30cm preensdo, B — gira sobre o proprio eixo durante a queda, apoiando-se nas 4 patas ao
atingir o solo.
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Figura 5. Estrutura quimica dos Inibidores Seletivos de Recaptacdo da Serotonina - SSRISs.
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Figura 6a — Comportamento de limpeza materno. A- a lactante lambendo os pelos. B- a lactante
lambendo as patas.

Figura 6b — Comportamento de succdo em ratos. A — O comportamento é iniciado quando o
primeiro filhote fixa-se ao mamilo materno. B- Sucgdo em conjunto. C- O comportamento
finaliza quando o ultimo filhote deixa o mamilo.

Figura 6¢c — Comportamento de ingestdo de racéo dos filhotes. A- Inicia-se quando o primeiro
filhote chega ao comedouro. B — Finaliza quando o ltimo filhote abandona o comedouro.
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2 JUSTIFICATIVA

O presente estudo, utilizando o rato, como modelo experimental, para
avaliacdo do desenvolvimento de reflexos e indicadores da maturacdo de caracteres
somaticos, podera fornecer subsidios para melhor compreensdo dos efeitos de agressdes
farmacoldgicas durante o periodo critico de desenvolvimento do SNC. Outrossim, neste
trabalho, respostas a agressbes farmacologicas, contribuirdo de forma seletiva e especifica
para esclarecer o possivel envolvimento do sistema serotoninérgico no crescimento corporal e
desenvolvimento do SNC. O estudo de parametros do comportamento alimentar neonatal
durante o periodo de rapido crescimento do encéfalo, sera de grande relevancia para melhor
compreensdo do efeito da manipulacdo neonatal do sistema serotoninérgico e sua repercussao
em parametros comportamentais. A esséncia dos estudos experimentais em paradigmas
comportamentais dardo outrossim, relevancia a este trabalho, como parte dos estudos
realizados em nosso laboratério. Por fim, considerando a utilizacdo de drogas antipressivas -
inibidores da recaptacdo da serotonina- durante o periodo gestacional e em criancas e
adolescentes, ressaltamos a relevancia clinica da realizacdo deste trabalho. Os aspectos a
serem avaliados (até o presente momento pouco estudados), sem divida contribuirdo, para
uma nova visdo da utilizacdo desses farmacos, auxiliando os especialistas (psiquiatras,
nutricionistas, nutrologos, endocrinologistas, e demais profissionais de areas afins), que 0s

utilizam na terapéutica clinica, quanto aos possiveis efeitos destas drogas em seus pacientes.
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3 OBJETIVO

3.1 GERAL

Investigar em ratos neonatos, as repercussdes do tratamento durante o periodo de
rapido crescimento do SNC, com diferentes inibidores seletivos da recaptacdo da serotonina
(SSRI), sobre a maturacdo somatica, o desenvolvimento sensorio-motor e 0 comportamento

alimentar neonatal.
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4 HIPOTESES

De acordo com os objetivos apresentados, levantamos as seguintes hipoteses

1-Tratamento crénico com inibidor seletivo de recaptacéo da serotonina (SSRI)-
citalopram - retarda a maturacao somatica.

2- Ratos neonatos tratados com fluoxetina, um inibidor seletivo da recaptacéo da
serotonina, retardam o crescimento somatico e a maturacéo de reflexos.

3- Tratamento crénico com sertralina um SSRI- retarda a maturacéo somatica e de
reflexos em ratos neonatos.

4- Tratamento crénico com inibidor seletivo de recaptacdo da serotonina — citalopram em
ratos neonatos, retarda a ontogenia de reflexos.

5 — Fluoxetina um SSRI, reduz parametros do comportamento alimentar em ratos

neonatos
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5 APRESENTACAO DOS ARTIGOS

O presente trabalho é estruturado em cinco artigos cientificos, onde foram avaliados os
efeitos do tratamento com trés diferentes SSRIs sobre o crescimento, através de medidas corporais
diarias e da maturagdo de caracteristicas fisicas; sobre o desenvolvimento sensorio-motor, através
do estudo da ontogenia de reflexos; sobre 0 comportamento alimentar neonatal, utilizando-se a
observacdo direta (duracdo e freqliéncia de parametros comportamentais) em animais submetidos
a privacao alimentar, em quatro dias intercalados do periodo de aleitamento. Dos resultados
obtidos das pesquisas, foram extraidos artigos cientificos, dos quais um foi aceito para publicacéo

e quatro estdo submetidos.

5.1 Primeiro artigo

Titulo: NEONATAL ADMINISTRATION OF CITALOPRAM DELAYS SOMATIC

MATURATION IN RATS.

Aceito para publicacdo como artigo original na revista: Brazilian Journal of Medical and
Bilogical Research em maio de 2004.

Neste artigo foram estudados os efeitos do tratamento neonatal com o inibidor seletivo da
recaptacdo da serotonina — citalopram - sobre o crescimento somético e a maturagdo de
caracteristicas fisicas em ratos. Neste estudo observou-se que o tratamento com citalopram
durante o periodo de aleitamento-periodo critico de desenvolvimento do cérebro - retarda o
ganho de peso corporal, altera o crescimento do crénio e provoca retardo na maturacdo de

caracteristicas fisicas.
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Neonatal administration of citalopram delays somatic
maturation in rats

Abstract

We investigated the somatic maturation of neonate rats treated during the
suckling period with citalopram, a selective serotonin reuptake inhibitor.
Groups with 6 male neonates were randomly assigned to different
treatments 24 h after birth. Each litter was suckled by one of the dams until
the 21st postnatal day. Body weight, head axis and tail length were
measured daily from the 1st to the 21st postnatal day. Time of ear
unfolding, auditory conduit opening, incisor eruption and eye opening was
determined. Pups received 5 mg (Cit5), 10 mg (Cit10) or 20 mg/kg (Cit20)
citalopram sc, or saline (Sal; 0.9% NaCl sc). Compared to Sal, body weight
was lower (24.04%), for Cit10 from the 10th to the 21st day (P < 0.01) and
for Cit20 from the 6th to the 21* day (38.19%), (P < 0.01). Tail length was
reduced in the Cit20 group (15.48%), from the 8" to the 21st day (P <
0.001). A reduction in mediolateral head axis (10.53%), was observed from
the 11" to the 21st day in Cit10 (P < 0.05) and from the 6™ to the 21% day
in Cit20 (13.16%), (P < 0.001). A reduction in anteroposterior head axis
was also observed in the Cit20 group (5.28%), from the 13th to the 21st
day (P < 0.05). Conversely, this axis showed accelerated growth from the
12th to the 21st day in the Cit5 group (13.05%), (P < 0.05). Auditory
conduit opening was delayed in the Cit5 and Cit20 groups and incisor
eruption was delayed in all citalpram. These findings show that citalopram
injected during suckling to rats induces body alterations and suggest that
the activity of the serotoninergic system participates in growth
mechanisms.

Introduction

Key words

Serotonin

Growth indicators
Selective serotonin
reuptake inhibitor
Citalopram
Craniofacial

Skull
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Selective serotonin reuptake inhibitors (SSRI) such as citalopram have been used to

induce increased serotoninergic activity in the brain (1,2). Experimental evidence indicates

that serotonin can influence embryogenesis and growth (3,4) presumably by acting as a

developmental signal (5) or as a neurotrophic factor as well (6). Furthermore, serotonin seems

to play a role in regulating the development of the mammalian brain through its action on the

production of self serotonin neurons (4,7,8) and on target tissues innervated by serotoninergic

neurons (9-11). Pharmacological or nutritional manipulations during pregnancy or the

suckling period can induce drastic morphological and functional changes in the growth and
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development of the nervous system (12-16). Several studies have shown that treatment with
SSRI reduces food intake and body weight in rats (17,18). A hypophagic effect was observed
following fluoxetine administration (19). As a consequence, the possibility exists that the use
of serotoninergic agents in the early phase of life could influence other specific maturation
processes in the body. Therefore, it is desirable to investigate the possible effects of
manipulation of the serotoninergic system early in life.

The objective of the present study was to test the hypothesis that the administration of
citalopram - a highly selective serotonin reuptake inhibitor (20) - to rats during the suckling

period induces changes in somatic development and in body growth.

Material and Methods

Animals

Litters obtained from dams mated to male Wistar rats from the colony of the Nutrition
Department, Federal University of Pernambuco, Recife, PE, Brazil, were used in the present
study. During gestation and until the end of the experiment, the animals were housed in
polyethylene cages. Male pups from different mothers (N = 18) were randomly divided into
groups of 6 neonates 24 h after birth. Each pup was marked with methyl violet solution on the
skin for identification during the experiment. Each litter was suckled by one of the dams until
the 21st postnatal day (birth day was considered to be zero day). The animals were maintained
at a room temperature of 23 £ 1°C, on a 12/12-h light-dark cycle (lights from 6:00 am to 6:00

pm) with free access to ration (Labina-Purina - Sdo Lourengo da Mata, PE, Brazil) and water.
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Citalopram

The experiment was performed blind to prevent identification of the experimental
groups. The animals of the different groups were evaluated simultaneously. For the
experimental treatment, four groups (N = 27 each) of suckling rats were distributed as
follows: three groups received citalopram: group Cit5 (5 mg/kg, sc), group Cit10 (10 mg/kg,
sc), and group Cit20 (20 mg/kg, sc), and a control group received an equivalent volume of
0.9% (w/v) saline solution, sc. During the experiment, one neonate rat in the Cit20 group and
one in the Cit5 group died. Therefore, 106 rats were evaluated. The time of physical feature
maturation and somatic growth was recorded. Citalopram (H. Lundbeck A/S, Copenhagen-
Valby, Denmark), was dissolved in saline and 1 ml/100 g body weight was injected sc. The
treatment was applied daily from the 1st to the 21st postnatal day (suckling period) at 0:30 pm

- 1:30 pm.

Physical features maturation

The following physical features were observed: unfolding of the external pinnae of
both ears to the fully erect position; auditory conduit opening is internal auditory conduit
opening of both ears; incisor eruption — the first visible and palpable crest of lower incisors;
and eye opening, i.e., when any visible break in the covering membrane of both eyes was
detected. The features were evaluated daily between 10:00 and 12:00 a.m. by the method of
Smart and Dobbing (21)during the suckling period until maturation of the variable. The

maturation age of a particular feature was defined as the day it was first observed.
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Somatic growth

Somatic growth was assessed in terms of body weight, tail length, and mediolateral
and anteroposterior head axis measurements made from the 1st to 21st postnatal day between
1:00 and 2:00 p.m. as follows: body weight was measured with a FANEM (Séo Paulo, SP,
Brazil) scale with 100 mg precision. Tail length (distance from tail tip to tail base) and length
of the mediolateral skull axis, MLHA (distance between the ear holes), anteroposterior axis of
the head, and APHA (distance between snout and head-neck articulation) were measured with

a Starret caliper with 0.05 mm precision.

Statistical analysis

Statistical analysis was performed after preliminary testing to identify normality of
distribution and homogeneity of variance among the groups. Two-way ANOVA for repeated
measures (from the 1st to the 21st day for body weight, head axis and tail length) followed by
the post-hoc Tukey test were used to compare growth indicators between each citalopram
group and the saline control. Kruskal-Wallis analysis of variance followed by the Dunn test
was used to compare physical features between each citalopram group and the saline control.
The level of significance was set at P < 0.05.

The experimental protocol of the study was approved by the Ethics Committee for
Animal Experimentation (CEEA) of the Federal University of Pernambuco, and was
consistent with the National Institute of Health Guide for Care and Uses of Laboratory

Animals (Publication no. 85-23, revised, 1985).
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Results

ANOVA identified main effects of time and treatment in addition to interaction
between these factors regarding somatic growth. For body weight, statistical analysis showed
an effect of citalopram (F3 10, = 52.9, P < 0.001), and day of life (F2o, 2040 = 2340.6, P < 0.001)
as well as a citalopram versus day of life interaction (Feo, 2040 = 69.5, P < 0.001). Body weight
gain (Figure 1A) was reduced from the 10th to the 21st day (24.04%), (P < 0.01) in Cit10 and
from the 6th to the 21st day (38.19%),(P < 0.01) in Cit20 when compared to saline. This
lower weight gain was more marked in the Cit20 than in the Cit10 group. The Cit 5 group did
not differ from saline (Figure 1A).

For tail length (Figure 1B), statistical analysis showed a main effect of citalopram (F3,
102 = 13.7, P < 0.001) and day of life (Foo, 2040 = 3198.0, P < 0.001) in addition to an
interaction between citalopram and day of life (Feo 2040 = 18.7, P < 0.001). A reduced growth
of tail length was observed in the Cit 20 group from the 8th to the 21st day (15.48%), (P <
0.01); however, the Cit10 and Cit5 groups did not differ from the saline control.

ANOVA showed an effect of citalopram (F3, 102 = 23.8, P < 0.001) and day of life (Fzo,
2040 = 1622.1, P < 0.001), as well as an interaction between citalopram and day of life (F ¢,
2040 = 15.3, P < 0.001) on the mediolateral head axis. A reduction in mediolateral head axis
growth was observed from the 11th to the 21st day in the Cit10 group (10.53%) (P < 0.05),
and from the 6™ to the 21 day in the Cit20 (13.16%), (P < 0.001) group compared to the
saline control. Moreover, the reduced growth of this axis was more marked for the 20 mg
dose than for the 10 mg dose (Figure 2A).

There was also a significant change in growth of the anteroposterior head axis length.
There were effects of citalopram (F3 10, = 15.1, P < 0.001), day of life (Fao, 2040 = 2770.6, P <

0.001) and interaction between citalopram and day of life (Feo, 2040 = 14.7, P < 0.001). In the
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Cit20 group a reduction of this axis occurred from the 13th to the 21st day (5.28%),(P < 0.01),
whereas the growth was accelerated from the 12th to the 21st day in the Cit5 group (13.05%),

(P < 0.05). There was no difference for the Cit10 group (Figure 2B).

Physical features

For physical feature maturation (Table 1), Kruskal-Wallis analysis indicated
significant changes in auditory conduit opening (H = 10.59, P < 0.05) and incisor eruption (H
= 19.33, P < 0.01) in the citalopram groups. Multiple comparisons of these features among
treatment groups (Dunn test) showed that auditory conduit opening was delayed in the Cit5 (P
< 0.05) and Cit 20 groups (P < 0.05). Incisor eruption was delayed in the Cit5 (P < 0.05),
Citl0 (P < 0.01) and Cit20 (P < 0.05) groups. It is noteworthy that a wide variation (11-18
days for auditory conduit opening and 10-17 days for incisor eruption) was observed in the
Cit20 group but not in groups receiving the lowest citalopram doses or saline. For eye

opening and ear unfolding there was no significant difference.

Discussion

The present results show that chronic administration of citalopram during the critical
neonatal period of rat brain development induces changes in growth. In general the drug
impaired somatic growth and physical body maturation. As observed for body weight,
increasing doses of citalopram resulted in equivalent growth alteration of tail and head.
Regarding craniofacial development, the heads of the animals became longer with the lowest
citalopram dose, narrower with the middle dose and both shorter and narrower with the

highest dose. Therefore, the head suffered a shape distortion during development that was
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dependent on the dose of citalopram. The sensitivity of vertebrate head growth to epigenetic
manipulations has been well demonstrated (22,23). Changes in the craniofacial skeleton of
developing rats submitted to a low protein diet were shown by Miller and Germann (24).
Some of these changes consisted of shortening of skull dimensions, a result similar to that
experienced by the animals receiving 20 mg of citalopram in the present study. It is
noteworthy that early protein malnutrition such as studied by Miller and Germann (24) is
known to increase brain serotonin (5-HT) levels (13). Therefore it is appropriate to consider
the delayed development of the structures inside the skull (auditory conduit) and face (lower
incisors) observed in the present study, because the delays might be associated with reduced
head growth. Furthermore, the interaction between citalopram and time indicates that the
highest citalopram dose caused not only a reduction of body weight gain and of tail growth,
but also that these reductions in rats receiving 20 mg began earlier than in animals receiving
the two lowest doses. These changes are important because they indicate the existence of
growth mechanisms in body tissues which are sensitive to the dose of citalopram. Since this
drug increases serotonin release (20) we suggest that serotoninergic mechanisms may be
responsible for the effects of citalopram.

In addition, there is evidence that SSRI and some serotoninergic agonists also increase
5-HT release not only in neuronal tissues (10,11,25) but also in non-neuronal tissues (26,27).
Interestingly, serotonin has a trophic action on the differentiation of several tissues during the
prenatal and postnatal periods (27,28) by acting as a neurotrophic factor (6). Some studies on
mouse embryo cultures treated with serotonin suggest an improved development of
serotoninergic cells in the nervous tissue and of cells of the nasal prominence, epithelium
covering the eye, optic vesicle and oral cavity (10,29-33) These findings indicate that
serotonin plays a role in the control of the epithelial-mesenchymal interactions during

craniofacial morphogenesis (26). Serotoninergic treatment also caused malformation of both
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nerve and bone structures of mouse embryos (10). Several of these events begin in the second
week of life and the first serotoninergic neurons appear as early as on the 12th to the 14th day
of gestation (29). Therefore, during suckling the tissue may be able to respond to the
challenge with citalopram. Moreover, a trophic role of 5-HT in the formation of craniofacial
structures, including the maturation of the tooth germ, has been reported (28).

Our findings support the data in the literature because the delayed tooth eruption
observed in the citalopram groups. However, the participation of citalopram in this maturation
process appears to be complex since the highest dose induces a wider variation of the physical
feature than the lowest doses. On the other hand, the possibility exists that the effects
observed in this experiment may be induced by the action of 5-HT on anorectic mechanisms
and not by a direct of 5-HT on tissues. In fact, it has been well documented that hypophagia
induced by citalopram reduces body weight in adult rats (17,34) and body weight gain in
young rats (16). Therefore, it cannot be ruled out in the present experiment that the
hypophagia induced by citalopram and the resulting malnutrition were capable of causing
growth disorders in animals that received citalopram.

We conclude that citalopram administered during the period of rapid brain
development causes important morphological body alterations. These data support the view
that growth mechanisms are highly susceptible to the manipulation of the serotoninergic

system during this period.
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Table 1. Maturation (in days) of the physical features of suckling rats treated with citalopram

from the 1st to the 21st day of life; d = days.* P <0.05; ** P <0.001

TABLE 1
GROUPS
CITALOPRAM
SALINE

5 mg 10 mg 20 mg
PHYSICAL FEATURES Median (range) Median (range) Median (range) Median (range)
Ear unfolding 3.0 (1-4) 3.0 (2-6) 3.0 (2-4) 3.0 (2-5)
Auditory conduit opening 12.0 (11-14) 13.0 (12-14) * 12,5 (12-14) 13.0 (11-18) *
Irruption of the lower incisors 12.0 (9-13) 13.0 (12-14)* 12.0 (11-15)** 12.0 (10-17)*
Eyes opening 14.0 (12-15) 14.0 (12-16) 14.0 (12-14) 14.0 (12-17)

Kruskal-Wallis analysis of variance followed by the Dunn test was used to compare physical
features between each citalopram dose and the saline control group. The number of animals is
given in paremtheses. A significant change in auditory conduit opening (H = 10.59, P < 0.05)

and incisor eruption (H = 19.33, P < 0.01) was observed in the citalopram groups.

Figure 1. Effect of citalopram on suckling rats weight and tail length. A, Body weight from
the 1st to the 21st day of life of suckling rats treated with solutions (1 ml/100 g body weigh,
sc) of citalopram (Cit) 5 mg (N = 26), Cit 10 mg (N = 27) and Cit 20mg/kg, sc (N = 26) or
saline (Sal) (N = 27). Comparisons were made by two-way ANOVA for repeated measures:
citalopram (F3 102 = 52.9, P < 0.001), day of life (F2o 2040 = 2340.6, P < 0.001), and citalopram
versus day of life interaction (Fgo 2040 = 69.5, P < 0.001). Post-hoc multiple comparisons
(Tukey test) between each citalopram dose and saline: *P < 0.001. Each point represents the
mean values according to the dose. The asterisks (*) indicate the beginning of significant
differences (P < 0.01) that persisted through the end of the experiment. B, Tail length.

Comparisons were made by two-way ANOVA for repeated measures: citalopram (F3 102 =
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13.7, P < 0.001), day of life (Fzo, 2040 = 3198.0, P < 0.001), and citalopram versus day of life
interaction (Feo, 2040 =18.7, P < 0.001). Post hoc multiple comparisons (Tukey test) between
each citalopram dose and saline: Each point represents the mean values according to the dose.
The asterisks (*) indicate the beginning of significant differences (P < 0.01) which persisted

to the end of the experiment according to the dose.
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Figure 2. Effect of citalopram on suckling rat mediolateral skull axis length and distance between snout and
head-neck articulation. A, Mediolateral skull axis from the 1st to 21st day of life of suckling rats treated with
solutions (1 ml/100 g body weigh, sc) of Cit 5 mg (N = 26), Cit 10 mg (N = 27) and Cit 20 mg/kg, sc (N = 26) or
Sal (N = 27). Comparisons were made by two-way ANOVA for repeated measures for citalopram (Fs, 19, = 23.8,
P < 0.001) and day of life (Fa0, 2040 = 1622.1, P < 0.001) and citalopram versus day of life interaction (Feo, 2040 =
15.3, P < 0.001)folowed by Post hoc multiple comparisons (Tukey test) between each citalopram dose and
saline: The asterisks (*) indicate the beginning of significant difference in the Cit10 group (P < 0.05) and Cit20
group (P < 0.001) that persisted to the end of the experiment. B, Distance between snout and head-neck
articulation. Comparisons were made by two-way ANOVA for repeated measures: Citalopram (F3, 10, = 15.1, P
< 0.001), day of life (Fao, 2040 = 2770.6 P < 0.001), and citalopram versus day of life interaction (Feo, 2040 = 14.7, P
< 0.001). Post-hoc multiple comparisons (Tukey test) between each citalopram dose and saline: The asterisks (*)
indicate the beginning of significant differences for Cit20 (P < 0.01) and Cit5 (P < 0.05) that persisted to the end
of the experiment.
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5.2 Segundo artigo

Titulo: NEONATAL TREATMENT WITH FLUOXETINE DELAYS THE SOMATIC
MATURATION AND REFLEX ONTOGENY

Submetido para publicacdo como artigo original na revista: Pharmacology Biochemistry and
Behavior-julho de 2004.

Neste segundo estudo, o objetivo foi investigar em ratos os efeitos do tratamento ou ndo, com
o inibidor seletivo da recaptacdo da serotonina — fluoxetina - sobre o crescimento somatico, a
maturacdo de caracteristicas fisicas e o desenvolvimento de reflexos em ratos. Neste estudo
observou-se que o tratamento com fluoxetina durante o periodo critico de desenvolvimento do
cérebro, retarda a evolucdo ponderal, o crescimento corporal, altera o crescimento do cranio,
retarda a maturacdo de caracteristicas fisicas e provoca atraso na maturacdo da maioria dos
reflexos estudados.

Running Title: SSRI and ontogeny of the somatic maturation

NEONATAL TREATMENT WITH FLUOXETINE DELAYS THE SOMATIC

MATURATION AND REFLEX ONTOGENY

Abstract

This study investigated the somatic maturation (growth indicators and time for
appearance of physical features) and reflex ontogeny of treated neonate rats during the
suckling period with different doses of fluoxetine (1mg, 5mg or 10mg/kg, sc, daily). Growth
indicators measurements (body weight, axis of the head, longitudinal body length and tail
length) were taken daily, from the 1st to the 21st postnatal day. The time of ear unfolding,
auditory conduit opening, irruption of lower and upper incisors; and eye opening, was
recorded..Besides the time for appearance (disappearance in the case of palmar grasp) of the

reflexes righting, negative geotaxis, cliff avoidance, auditory startle response, vibrissa placing
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free-fall righting and palm grasp was recorded. Body weight gain reduction and delay of
physical features maturation as well a craniofacial anatomic distortion, were observed. A
delay in the reflexes development was observed as well. The findings suggest that un increase
5-HT avaiability early in life could play a role in the retardation of the body growth and in

weight gain as well as a delay in the maturation of the most reflexes responses.

Keywords: serotonin, growth indicators, SSRI, fluoxetine, reflexes.

1. Introduction
A number of selective serotonin reuptake inhibitors (SSRIs), have been described

including femoxetine, zimelidine, citalopram and fluoxetine (Fuller, 1994). Evidence is
consistent with the view that these SSRIs increases the concentrations of serotonin within the
synaptic cleft by blocking its removal via the membrane-transporters (Fuller, 1995). Based on
this evidence SSRIs have been routinely used to enhance serotoninergic activity in the brain
(Toornivliet, 1996; Baumman, 1996). Experimental findings indicate that serotonin can
influence embryogenesis and growth (Palén et al., 1979; Whitaker-Azmitia, 1991) by acting
presumably as a developmental signal (Liu and Lauder, 1992) or as a neurotrophic factor as
well (Yan et al., 1997). Furthermore, serotonin seems to play a role in regulating the
development of mammalian brain through its action on producing serotonin neurons
(Whitaker-Azmitia and Azmitia, 1986; Shemer et al., 1991; Whitaker-Azmitia, 1991) and in
target tissues, innervated by serotonergic neurons (Lauder and Krebs, 1976; Lauder, 1990).
During the pregnancy or the suckling period pharmacological manipulations can induce
morphological and functional changes in the growth and development of nervous system
(Manhaes de Castro et al., 1993; Manhées de Castro et al., 2001. Studies have showed that

treatment with SSRIs, reduces food intake and body weight in rats (Halford and Blundell,
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1996; McCann et al.,, 1997). A hypophagic effect was observed following fluoxetine
administration (Lightowler et al, 1996). As a consequence the possibility exists that the use of
serotoninergic agents in the initial phase of life could influence other specific maturation
processes duryng early development of the body. Therefore, investigating possible effects of
serotoninergic system manipulation early in life is desirable. The objective of this study was
to test the hypothesis that administration of fluoxetine — one of the most selective serotonin
inhibitor (Hytell, 1994) - to rats during the suckling period induces changes on in the somatic

development, in the physical features maturation and in reflex ontogeny.

2. Material and methods

2.1. Animals

Wistar rats coming from the colony of the Nutrition Department — Federal University of
Pernambuco - Brazil were coupled, for obtaining litters. During gestation and until the end of the
experiment, the animals were housed in polyethylene cages. Male pups from different mothers
(n=18) were randomly distributed in litters of 6 neonates, 24 hours after the birth. Each litter was
labeled with a mark of methyl violet solution in the skin, for identification during the whole
experiment. Each litter was breastfed by one of the dams until the 21* post-natal day (birth day
was considered as zero day). The animals were maintained at a room temperature of 23+1°C, on a
light-dark cycle of 12/12 hours (light on 6:00 a.m. to 6:00 p.m.) with free access to meal (Labina-

Purina of Brazil) and water.

2.2. Pharmacological treatment and experimental groups

A blind study was performed so that the groups, were not identified during the experiment. The
animals of the different groups were simultaneously appraised. According to the experimental
treatment, four groups of suckling rats were designed as follows: Three groups received

fluoxetine: group flu10 (n=34) (10mg/kg, sc); group flus (n=30) (5mg/kg, sc); group flul (n=30),
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(Img/kg, sc); and one control group received an equivalent volume of saline solution (n=23)
(NaCl 0.9%, sc.). During the experiment, four neonate rats of the 10mg group and two of the flus
group died. Therefore, 111 rats were evaluated. Fluoxetine hidrochloride (Sigma-USA) was
dissolved in saline and injected in the concentration of 1mi/100g b.w. The treatment was applied
daily from the 1% to the 21* postnatal day (suckling period) from 0:30 pm to 1:30 pm.

2.3 - Physical features and reflexes

The following physical features were observed daily from the 1° to 21° postuled day
(suckling period): unfolding of the external pinnae of both ears to the fully erect position; auditory
conduit opening — internal auditory conduit opening of both ears; incisor eruption — the first
visible and palpable crest of upper and lower incisors; and eye opening — when any visible break
in the covering membrane eyes was detected. The maturation age of a particular feature was
defined as the day when it occured for first time. The reflex testing (according to Smart and
Dobbing, 1971) was carried out daily also from the 1% to the 21* (box 1). Testing and observation
were conducted between 10:00 a.m. and 1:00 p.m. The progress of the individuals was followed
throughout the experiment. The time of appearance of each reflex was defined as the first day of
its occurrence during a period of three consecutive days. The maturation age of a particular

feature was defined as the day when it occurred for first time. Box 1 — Reflex tests (modified by Smart

and Dobbing, 1971)
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REFLEX

STIMULUS

RESPONSE

Palmar grasp - PG

Righting - R

Vibrissa placing — VP

Cliff avoidance - CA

Auditory startle - AS

Negative Geotaxis - NG

Free-fall righting - FR

Palm of forepaw stroked gently with a paper
clip.

Rat placed on back on a flat surface.

Rat held by the tail, head facing an edge of

bench, vibrissa just touching vertical surface.

Rat put on edge of bench, with nose and
forefeet just over edge.

Sudden sound stimulus by percussion with a
metalic stick in a metal surface.

Rat placed with head downwards, on a 45
slope.

Rat held by the paws, back downwards, is
dropped from 30 c¢cm on to cotton wool pad.

Flexion of digits. As maturation
response, any or a very slight flexion
must be seen. To this reflex, the
disappearance date is registered.

It turns over, to rest in ventral
decubitus, with the four paws on the
surface, in 10 seconds.

Lifts head and extends forepaws in
direction of the bench, making
oriented “walking” movements to go
far from the edge, in 10 seconds.

Withdrawal of head and both forefeet
from edge, moving away from “cliff”,
in 10 seconds.

Body retraction, with a transitory
immobility. The stimulus was given
twice in each test, with 1 minute
interval.

Turns to face up the slope, , at least >
1309, in 10 seconds.

Turns body in mid-air, to land on all
fours. All legs must be free of body on
landing.

2.4 - Somatic growth

Somatic growth was assessed by body weight, body length, tail length, medio-lateral and anteroposterior head

axis dimensions. These measurements were accomplished daily, from the 1% to the 21% life day between 8:00

am. and 9:00 am. as follows: the body weight was measured with a Fanem scale (S&o Paulo-SP, precision

100mg). The body length (distance between snout and the tail base). The tail length - (distance between tail tip

and its base) as well as the cranium medio-lateral axis of the head-MLHA (distance between the ear holes)

and the anteroposterior axis of the head- APHA (distance between the snout and the head-neck articulation)

were measured with a Starret caliper rule (precision .05mm).
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3 - Statistical analysis

Following preliminary testing to identify the normality of the distributions (Kolmogorov —
Smirnov test) and variance homogeneity among the groups (Levene’s test), statistical analyses
were performed. A two-way ANOVA for repeated measures followed by the post-hoc Tukey test
were used to compare the growth indicators between each fluoxetine group and saline. The
Kruskal-Wallis analysis of variance followed by the Dunn test was used to compare physical
features and reflex development between each fluoxetine dose and saline group. The level of
significance was p< .05. The Ethical Committee for Animal Experimentation (CEEA) for Federal
University of Pernambuco-UFPE, being in agreement with National Institute of Health Guide for
Care and Uses of Laboratory Animals (Publication no. 85-23, revised, 1985) approved the

experimental protocol.
4 — Results

For somatic growth, the observed effects corresponded to different increases of all variables
(body weight, body length, tail length, MLHA, and APHA), betweeen each fluoxetine group
and the saline ones. For body weight it was found an effect of fluoxetine (F3107 = 36.23; p<
.001), day of life (F2o, 2140 = 3224.15; p< .001) in addition to an interaction between these two
factors (Feo 2140 = 29.23; p< .001). The body weight was lower for Flu 10 from 3" to 21% day
(p<. 05), for Flu5 from 4™ to 21% day and for Flul from 4™ day to 21% (p<. 05). This lower
weight gain was larger for Flu10 than for Flu5 group and Flul group respectively, compared
saline group (figure 1A).

For the tail length the statistical analysis shown un effect of fluoxetine (F3,107=18.67; p< .001)
day of life (F 20, 2140 =5204.21; p<. 001) and interaction between fluoxetine and day of life
(F60, 2140 = 20.29; p<. 001). Flu 10 group, showed a reduction from the 8th day until the 21st

day (p<.001), but no difference in the Flu 5mg and Flu 1mg groups (Fig. 1B).
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For body length an effect of fluoxetine (Fs10; = 47.97; p< .001 ), day of life (Fzo 2140 =
4982.64; p< .001) and an interaction between fluoxetine and day of life (Feo, 2140 = 27.62; p<
.001) were observed. Flu 10 and Flu 5 groups, showed a reduction from the 3" day until the
21% day (p<.001). Flu 1 group retard from 5% day until the end of the experiment (Figure 2A).
For the medio-lateral head axis the statistical analysis found a effect of fluoxetine (F3 107 =
24.00; p< .001 ), day of life (F2o, 2140 = 3753.77; p<. 001) in addition to an interaction between

fluoxetine and day of life (Feo, 2140 = 24.09; p< .001). Growth reduction of the medio-lateral
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head axis in Flul0 group, starting at the 5™ day until the 21% day, (p<.05). Flu5 and Flul
groups presented reduction in this axis from the 11™ until 21% day (p<. 05), (Figure 2B).

For anteroposterior head axis the statistical analysis indicated an effect of fluoxetine

(Fs3, 107 = 3.58; p< .016), day of life (Fzo 2140 = 5114.75; p< .001) in addition to an interaction
between these factors (Feo, 2140 = 6.52 p< .001). A significant growth reduction of
anteroposterior head axis in Flu 10 group, starting at the 13™ day until the 21% day (p< .05)

was observed. There was no difference for Flul and Flu 5 groups,compared to saline (Figure

20).
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The (*) indicate the begining of significant differences for Flu10 (P < 0.01): (#) for Flu 5
and (1) for Flu 1 (P < 0.05) that persisted to the end of the experiment.

The time for physical features maturation (Table 1) suffered statistically significant alterations
in the ear unfolding (H=25.11, p<0.001); this physical feature delayed in fluS group (p<0.05)
compared to saline group. The eyes opening was changed between groups (H=24.91; p<0.001); a
delay in this physical characteristic ocurring in the Flu5 and Flul0 group (p<0.05). The upper
incisors irruption presented statistical difference between groups (H=38.99; p<.001); a retard was
observed in Flul, and Flu5 groups (p<0.05); flul0 group was antecipated in this physical
characteristic (P<0.05). The lower incisors irruption and auditory conduit opening there was not a
statistically signifficant difference among groups.

Reflex data are showed in table 2. The delay in time of appearance for palmar grasp was
changed between groups (H= 39.69; p<0.001); a delay in Flul0 (p<0.05) was found; the righting
presented statistical difference among groups H=22.26; p<0.001); Flu5 and Flul0 groups were
antecipated (p<0.05); negative-geotaxis suffered change between groups (H= 22.18; p<0.001 );
this reflex delayed in Flul0 group (p<0.05); statistical difference among groups was observed in

the vibrissa-placing reflex compared to saline (H=16.316; p<0.001); in this case a retard in flu10
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group was verified (p<.05). The auditory-startle-response changed between groups (H=20.099;
p<0.001); delays in Flul0, Flu5 and Flul groups were observed (p<0.05) when compared to
saline. Free-fall righting did not show statistically signifficant difference among groups. Finally,

the cliff-avoidance didn’t retard in anyone treated group compared to saline.

Table 1. Maturation (in days) of the physical features of suckling rats treated with fluoxetina

from the 1st to the 21st day of life; d = days.* P <0.05; ** P <0.001.

GROUPS

FLUOXETINE
SALINE

PHYSICAL FEATURES 1mg 5mg 10 mg
(d) (d) (d)

Median (range) Mediana  (range) Median (range) Median (range)

Eyes opening 140 (11,0-16,0) 130 (11,0-150)  140* (130-170)  14,0* (12,0-18,0)
Ear unfolding 20 (1,0-4,0) 30 (1,0-4,0) 30 (2,0-40) 2,0 (1,05,0)

Auditory conduit opening 11,0 (10,0-14,0) 120 (11,0-13,0) 120 (12,0-130) 120 (9,0-16,0)
Irruption of the upper incisors 9.0 (6,0-12,0) 80" (6,0-10,0) 90 (8.0-11,0) 75 (6,0-10,0)
Irruption of the lower incisors 11,0 (9,0-13,0) 11,0 (9,0-13,0) 12,0 (10,0-15,0) 11,0 (8,0-15,0)

Table 2. Maturation (in days) of the reflexes of suckling rats treated with fluoxetina

from the 1st to the 21st day of life; d = days.* P <0.05; ** P <0.001.

GRUPOS
FLUOXETINE
SALINE

REFLEXES 1mg 5mg 10 mg

Median (range) Mediana  (range) Median (range) Median (range)
Palmar grasp 5,0 (3,0-8,0) 6,0 (4,0-10,0) 5,0 (4,0-8,0) 3,5 (2,0-5,0)
Righting 9,0 (5,0-13,0) 9,0 (7,0-13,0) 6,5 (3,0-11,0) 7,0° (3,0-11,0)
Vibrissa placing 11,0 (8,0-14,0) 11,0 (9,0-14,0) 11,0 (7,0-14,0) 12,0° (8,0-15,0)
Cliff avoidance 10,5 (6,0-16,0) 11,0 (7,0-15,0) 10,0 (8,0-15,0) 11,0 (7,0-18,0)
Negative geotaxis 12,5 (10,0-16,0) 12,0 (9,0-15,0) 13,0 (11,0-18,0) 15,0° (9,0-19,0)
Auditory startle 11,0 (10,0-14,0) 13,0 (12,0-16,0) 12,0 (12,0-14,0) 12,0° (11,0-15,0)

Free-fall righting 14,0 (11,0-17,0) 15,0 (10,0-17,0) 14,0 (12,0-17,0) 14,0 (12,0-17,0)




Discusion

Our study showed that chronic administration of fluoxetine during the critical period of rat
brain development induced changes in the body growth and in reflexes development. Concerning
body weight, the increase of drug’s doses resulted in equivalent growth reduction. For craniofacial
measures the head of the animals became wider in the lowest fluoxetine dose, unaltered in the
midle dose and both shorter and narrower in the highest dose. Therefore, the head suffered shape
distortions during development related to the dose administered. The sensitivity of vertebrate head
growth to epigenetic manipulations has been well demonstrated (Herring, 1993; Dressino and
Pucciarelli, 1997). Particularly, changes in craniofacial skeleton of developing rats submitted to a
low protein diet were shown by Miller et al., (1999). These changes consisted of the shortening
of skull dimensions, a result similar to the one experienced by the animals receiving the highest
dose of fluoxetine in this present experiment. It is noteworthy that early protein malnutrition such
as that studied by Miller et.al, (1999) is a condition known to increase the brain 5-HT levels
(Morgane et al., 1993). Therefore it is pertinent to considerer the delayed development of the
structures inside the skull (auditory conduit and lower incisors), observed in the present work,
since such a delay could be associated to the irregular growth of animal head. Furthermore, the
interaction effect between fluoxetine and time, indicates that the highest fluoxetine dose caused
not only a reduction in the body weight gain, in the body length and the tail growth but this
reduction began earlier than that observed in the two lowest doses groups. These changes deserve
attention because they reveal the existence of growth mechanisms in body tissues, which are dose-
sensitive to fluoxetine. Since this drug increases the serotonin release (Hytel, 1994) it may be
suggested that serotoninergic mechanisms could be related to the observed effects. In addition,
there is evidence that SSRIs and some serotoninergic agonists increase 5-HT release not only in
neural_ tissues (Lauder, 1988; 1990; Buznikov, 1990) but also in non-neural ones (Shuey, 1992;

Lauder, 1993). Interestingly, serotonin has a trophic action in the differentiation of several tissues
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during prenatal and postnatal periods (Lauder, 1993; Moiseiwitsch and Lauder, 1996). Some
studies in culture of mouse embryos treated with serotonin suggest an improved development of
serotoninergic cells in the nervous tissue, as well as in cells of nasal prominence, epithelium
covering the eye, optic vesicle and oral cavity (Lidov and Molliver, 1982; Wallace and Lauder,
1983; Hall, 1980, 1981; Thorogood, 1981; Lauder et al, 1988). These findings support the view
that this amine plays a role in the control of epithelial-mesenchymal interactions during
craniofacial morphogenesis (Shuey et al., 1993). Several of these events begin in the second week
of life. In addition it was already demonstrated that the first serotoninergic neurons appear as soon
as the 12" t014™ pregnancy day (Lidov and Moliver, 1982). Therefore in that period the tissue
may be able to respond to the fluoxetine challenge. Moreover, a 5-HT trophic role in the
formation of this craniofacial structure, including the maturation of the tooth germ has been
suggested (Moiseiwitsch and Lauder, 1996). Considering the teeth irruption acelerated in Flu 10

group, our findings are supported by these studies.

Alterations in the appearance of reflexes of early malnourished rats are supposed to
indicate a correlation between biochemical and structural development during the ontogenesis of
the nervous system (Adlard and Dobbing, 1971). Besides protein malnutrition induce an increase
brain serotonin level (Morgane et al., 1992; Resnick et al., 1993). Serotonin immunoreactive
neurons were observed in hypothalamus of embryos and neonate rats following pargillin and |-
tryptophan pre-treatment, supposed to be related to 5-HT reuptake from extracelular enviroment
(Ugromov et al, 1988). Reduced motor activity and running velocity of young rats treated with
sertraline (another SSRI), was showed by Stenford et al., (2002). Our data agree with these
findings since reflex activity is related with motor behaviors. Therefore we could suggest that in
our study an improved 5-HT brain release provoked by fluoxetine, caused the delay of the

reflexes. This could indicate that even in very young rats the 5-HT system is responsive to SSRI.

Althoug SSRIs are frequently used to treat maternal depression during pregnancy, the
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effect on increased 5-HT agonists in the fetal humain brain remains unknown (Oberlander et
al, 2002). However the repercussions of other neonatal manipulations - as for example, early
malnutrition - on the development of the structural, neurochemical and functional integrity of
the nervous cells are well known (Morgane et al., 1993). Undernourished rats present a delay
in the development of reflexes, such as palm grasp, startle response and free-fall righting
(Smart and Dobbing, 1971). Increased latency of the startle response in adult rats treated
during the neonatal period with fluoxetine, was shown by Dow-Edwards (1996). This effect
was reduced by m-chlorophenylpiperazine, a 5-HTigc agent. This finding suggests the
involvement of the receptors in the reflex elicitation.

However, the possibility exists that the effects observed in this experiment could be
induced by malnutrition dependent on 5-HT anoretic mechanisms and not by the direct 5-HT
action on the tissues. In fact, it is well demonstrated that hipophagia induced by fluoxetine,
reduces body weight in adult rats (Halford and Blundell, 1996; Halford and Blundell, 2000) and

body weight gain in young rats (Manhé&es de Castro et al., 2001).

Therefore we cannot rule out the hypothesis that malnutrition resulting from fluoxetine

hipophagia induced the growth delay.

In conclusion, the present findings demonstrate that fluoxetine administered during brain
growth spurt in rats, induces damages to body and head growth as well as alteration in the
maturation time of reflexes and physical features. The magnitude of these alterations depend on

fluoxetine dose.
Acknowledgments: This study had the financial aid of CNPq and PROIN/CAPES.
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5.3  Terceiro artigo

Titulo: SERTRALINE DELAYS THE SOMATIC GROWTH AND REFLEX
ONTOGENY IN NEONATE RATS.

Submetido para publicacdo como artigo original na revista: Physiology and Behavior - julho
de 2004.

O objetivo deste terceiro trabalho, foi investigar em ratos neonatos os efeitos do tratamento ou
ndo, com o inibidor seletivo da recaptacdo da serotonina - sertralina sobre o crescimento
somatico, a maturacdo de caracteristicas fisicas e o desenvolvimento de reflexos em ratos.
Neste estudo observou-se que o tratamento com setralina durante o periodo critico de
desenvolvimento do cérebro, retarda o crescimento do corpo dos animais, 0 ganho de peso
corporal, altera o crescimento da estrutura cranial, retarda a maturacdo de caracteristicas
fisicas e provoca atraso na maturacdo da maioria dos reflexos estudados.

Running Title: Sertraline, somatic growth, reflexes and skull

SERTRALINE DELAYS THE SOMATIC GROWTH AND REFLEX ONTOGENY IN

NEONATE RATS.

Abstract

This study investigated the somatic maturation and ontogeny of reflexes in neonate
rats treated during the suckling period with sertraline (Sert) in the doses (5mg, 10mg ou
15mg/kg s.c, daily) and distilled water (Dw) (1ml/kg/bw). Growth indicators (body weight,
brain weight, axis of the head and tail length), were measured daily, from the 1st to the 21st
postnatal day. The reflexes (righting, free-fall righting, negative geotaxis, cliff avoidance,
auditory startle response, vibrissa placing and palm grasp) and physical features maturation
(ear unfolding; auditory conduit opening, eruption of the lower incisors and eye opening),
were recorded in days of life. All the groups were compared to Dw. The body weight gain

reduced in all groups. A delay was observed in the growth of the body lenght in all groups as
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well. The speed of growth in the tail length was reduced in higher doses. The medio-lateral
head axis reduced in Sert 15mg and Sert5mg doses. Otherwise, Sertl0mg had a temporary
acceleration in this growth. The anteroposterior head axis had a delay in the growth in all
groups as well. The physical features maturation delayed in highest doses. The palmar grasp
reflex (disappearance) was retarded in SertlOmg dose; cliff avoidance advanced in Sertl10
group; negative-geotaxis and free-fall righting retarded in Sert15 group. The findings suggest
that altered serotoninergic system activity induced by sertraline early in life could play a role
in the retard of the somatic growth ontogeny as well as a delay in the maturation of some
reflexes.

Keywords:, 5-HT, somatic growth, SSRI, sertraline, reflex development, and physical features.

1. Introduction

Serotonin influences embryogenesis and growth (Palén et al., 1979; Whitaker-Azmitia,
1991) by acting presumably as a developmental signal (Liu and Lauder, 1992) or as a
neurotrophic factor (Yan et al., 1997). Serotonin (5-HT) is among the early neurotransmitters
ocurring in mammal embryos (Lauder, 1990, 1993). The tryptophan hydroxylase, an enzyme
of the 5-HT synthesis system, has been detected in 15 days embryos, after serotonin was
identified in the organism (Lauder et al, 1981). There is a fast increase of serotonin during
prenatal and postnatal periods, reaching adult levels at the end of the third week of life (Lidov
and Molliver, 1982). The time course of these events is intimately related to synaptogenesis
(Jacobs and Azmitia, 1992). Besides, serotonin participates of multiple functions by
exercising modulatory effect as a neurotransmiter (Jacobs and Azmitia, 1992; Aghajanian and
Marek, 1997). A recent study demonstrate that neonatal rats treated with 5,7
dihydroxytryptamine (5,7-DHT) presented reduced levels of 5-HT and 5-HIAA in frontal
cortex, striatum and hyppocampus when adults. However, did not affect dopaminergic

neurons. (Kostowsky and Krzascik, 2003).
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Environmental insults such as early malnutrition (Morgane et al 1993) and neonatal
pharmacological manipulation (Manhdes de Castro et al., 1993; Manhaes de Castro et al., 2001)
may provoke alterations in the 5-HT neurotransmission system with several consequences for the
organism. Many antidepressants, such as fluoxetine, citalopram and clomipramine interfere with
food intake behavior and perform their actions through the inhibition of the 5-HT synaptic
reuptake (Blundell and Lathan 1980; Sugrue in revision: 1987; Baumann et al 1996). Chronic
administration of clomipramine to rats, during the neonatal period, resulted in adult behaviors
similar to that observed in human depression (Mirmiran et al., 1981; Vogel et al., 1990). In our
laboratory, neonate rats treated with citalopram reduced the body weight gain during the drug
administration period and aggressiveness in adult life. (Manh&es de Castro et al, 2001). These
evidences sustain the hypothesis that pharmacological insults early in life can modify the
maturation of serotoninergic neurotransmission, inducing neurobehavioral changes (Vogel et al.,
1990).

Among the selective serotonin reuptake inhibitors, sertraline is one of the most potent
(Koe et al,1983). The main objective in this study was to test the hypothesis that administration of
sertraline to rats, during the suckling period, induces changes on somatic and sensory-motor

development.

2. Material and methods

2.1. Animals

Wistar male rats coming from the colony of the Nutrition Department — Federal
University of Pernambuco - Brazil were coupled, to obtain litters. During gestation until the end
of the experiment, the animals were housed in polyethylene cages. Male pups from different
mothers (n=19) were randomly distributed in litters of 6 neonates, 24 hours after birth. Each pup

was labeled with a mark of methyl violet solution on the skin, for identification during the
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experiment. Each litter was breastfed by one of the dams until the 21% postnatal day (birth day
was considered as zero day). When necessary, female rats were included to litters to complete 6
pups but they were not used in the tests. The animals were maintained at a room temperature of
23+1°C, on a light-dark cycle of 12/12 hours (lights on 6:00 a.m. to 6:00 p.m.) with free access to

food (Labina-Purina of Brazil) and water.

2.2 Pharmacological treatment and experimental groups

A blind experiment was performed to prevent identification of the experimental groups.
The animals of the different groups were simultaneously evaluated. According to the
experimental treatment, four sertraline groups (Sert) of suckling rats were distributed as
following: Three groups received different doses of sertraline: group Sert5 (5mg/kg, sc, n=25);
group Sertl0 (10mg/kg, sc, n=27); group Sert 15, (15mg/kg, sc, n=17); one control group
received an equivalent volume of distilled water (Dw, n=28). During the experiment, eight rats of
the Sert 15 group and three of the Sert10 group were females; Sert 5 group had four female and
one rat died; Two rats of Dw group were female Therefore, 97 rats were evaluated during the
complete experiment. Time of physical features maturation and somatic growth was studied.
Sertraline (hydrochloride, Pfizer) was dissolved in distilled water and injected in the concentration
of 1ml/100g b.w. The treatment was done daily from the 1% to the 21% postnatal day (suckling
period).

2.3 Phisycal features and somatic growth

The observation of the physical features was made according to Smart and Dobbing
(1971a) and carried out daily in the suckling period between 10:00 a.m. and 12:00 a.m. until
maturation of the variables. The following physical features were observed: unfolding of the
external pinnae of both ears to the fully erect position; auditory conduit opening — internal
auditory conduit opening of both ears; incisor eruption — the first visible and palpable crest of

lower incisors; and eye opening — when any visible break in the covering membrane of both eyes
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was detected. Maturation age of a particular feature was defined as the day when it occurred for
the first time.

2.4 Somatic growth

Somatic growth was assessed by body weight, body length, tail length, medio-lateral and
anteroposterior head axis measurements. These measurements were done in each animal, from the
1% to 21% postnatal day between 1:00 p.m. and 2:00 p.m. as it follows: the body weight was
measured with a Marte scale (accuracy 100mg). The longitudinal body growth (distance between
the snout and the base tail), tail length (distance between tail tip and its base) as well as medio-
lateral head axis, MLHA (distance between the ear holes) and the anteroposterior head axis,
APHA (distance between snout and head-neck articulation) were measured with a Starret caliper
rule (.05mm precision).

2.5 Reflex testing

The reflex tests (according to Smart and Dobbing, 1971) were carried out daily from the
1% to the 21% postnatal day (Figure 1). Testing and observation were conducted between 10:00
a.m. and 1:00 p.m. The progress of the individuals was followed throughout the experiment. The

time of appearance of each reflex was defined as the first day of its occurrence during a period of

three consecutive days.
Figure 1
REFLEX STIMULUS RESPONSE
Palmar grasp - PG Palm of forepaw stroked gently with a Flexion of digits. As maturation
paper clip. response, any or a very slight
flexion must be seen. To this
reflex, the disappearance date is
registered.

Righting - R Rat placed on back on a flat surface. It turns over, to rest in ventral
decubitus, with the four paws on
the surface, in 10 seconds.

Vibrissa placing — VP Rat held by the tail, head facing an edge  Lifts head and extends forepaws in

of bench, vibrissa just touching vertical ~ direction of the bench, making
surface. oriented “walking” movements to

go far from the edge, in 10
seconds.



Cliff avoidance - CA Rat put on edge of bench, with nose and
forefeet just over edge.

Auditory startle - AS Sudden sound stimulus by percussion
with a metalic stick in a metal surface.

Negative Geotaxis - NG Rat placed with head downwards, on a
45 slope.

Free-fall righting - FR Rat held by the paws, back downwards,
is dropped from 30 cm on to cotton
wool pad.

Withdrawal of head and both
forefeet from edge, moving away
from “cliff”, in 10 seconds.

Body retraction, with a transitory
immobility. The stimulus was
given twice in each test, with 1
minute interval.

Turns to face up the slope, , at
least > 130°, in 10 seconds.

Turns body in mid-air, to land on
all fours. All legs must be free of
body on landing.

(reflex tests modified from Smart and Dobbing, 1971)

3 - Statistical analysis
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Following preliminary testing to identify distributions normality and variance

homogeneity among the groups, statistical analyses were performed. A two-way ANOVA for

repeated measures (from 1% to 21% day for body weight, head axis and tail length), followed by the

post-hoc Dunn test, was used to compare growth indicators between each sertraline group and

distilled water group. Kruskal-Wallis analysis of variance followed by the Dunn test were used to

compare physical features between each sertraline dose and saline group. The level of significance

was p<.05.

The experimental protocol of this paper was approved by the Ethical Committee for

Animal Experimentation (CEEA) of Federal University of Pernambuco, being in agreement with

the National Institute of Health guide for Care and Uses of Laboratory Animals (Publication no.

85-23, revised, 1985).



70

4. Results

4.1 Somatic growth

Regarding to somatic growth, ANOVA identified main effects for time and treatment in
addition to interaction between these factors. For body weight the statistical analysis showed an
effect of sertraline (F3 o = 11,62, p<.001), and day of life (F2o, 1840 = 3890,74 p<.001) as well as a
sertraline versus day of life interaction (Fgo, 1840 = 8.63, p<.001). Body weight gain (Figure 1A)
was reduced in sert15 and sert10 from 4™ to 21% day (p<. 001) when compared to distilled water

from 6" to 21% group. This lower weight gain was more pronounced for Sert15 and Sert10.

For body lenght (Fig. 1B), statistical analysis indicated a main effect of sertraline (Fsq,
=25.87, p<. 05) and day of life (Fzo, 1840 = 4622.97, p<. 001) in addition to an interaction between
sertraline versus day of life (Feo, 1840 = 9.19, p<. 001). An unsatisfactory body lenght was observed
in Sert15 group, from the 4% day until the 21% day (p<. 001); as well in Sert10 and Sert5 group
from 6 ™ to 21 day compared with Dw.

For the tail length (Fig.1C), a main effect of sertraline (Fs g2 =5.60, p<. 001) and day of
life (F2o, 1840 =6059.8, p<. 001) as well as an interaction between sertraline versus day of life (Feo
1840 =5.31, p<. 001) were observed. An unsatisfactory growth of the tail length in Sert15 group
was found, from the 11% until the 21% day (p<. 001); however Sert10 and Sert5 groups did not

differ from distiled water.
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Concerning the medio-lateral head axis, ANOVA, showed an effect of sertraline (F3,92
= 3.56, p<.01) and of day of life (F20, 1840 = 146.90, p<.001); an interaction sertraline versus
day of life (F60, 1840 = 1.8097, p<.001) was observed as well. Growth reduction of the
medio-lateral head axis in Sertl5 group, starting at the 4rd to 8th and 13th until 21st day
(p<.05), and in Sert5 group, starting at 13nd day until 21st day (p<.001) were detected.
Otherwise, Sert10 acelerated the growth from 7th until 12th remaining such as the distiled
water group in the other days. Moreover, the reduced growth of this axis was more
pronounced for the 15mg dose than for the 5mg dose. (Fig. 2A).

There was also a significant (ANOVA following Dunnet test growth change of the
anteroposterior head axis - APHA: sertraline (Fsg, = 6.32, p<.001), day of life (Fx 1840 =
1247.12, p<.001); interaction between sertraline and day of life (Feo 1840 = 2.90, p<.001).
Comparing the sert15 group with Dw group, a reduction of this axis began on the 5™ day until
the 8% day (p<. 05) and from14™ at 21% (p<.05) was observed. A reduction of this axis in
Sert10 group from 15" to 21% day and in Sert 5 group from 16" to 21 ™ ocurred (p<. 05).

(Fig. 2B).
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4.2 Physical features maturation and reflex testing

For physical features maturation, Kruskal-Wallis analysis indicated significant changes for
the ear unfolding (H =32,763, p < 0.001); and auditory conduit opening (H =31,139, p < 0.001) as
well in the lower (H = 13.256, p < 0.004) and upper incisors irruption retarded (H = 16.630,
p< 0.004) in sertraline group in all doses when compared to Dw. Multiple comparisons of these
features among treatment groups (Dunn test) showed that ear unfolding delayed in Sert5, Sert10
and Sert 15 groups (P < 0.05); as well the auditory conduit opening was delayed in the Sert5
Sert10 and Sert 15 groups (P < 0.05). Incisor irruption was delayed in the Sert 10 and sert15 group

(p < 0.05) groups. For eye opening (H = 14.027, p < 0.004) there was no significant difference

(Fig. 3A).
Figure 3A
GROUPS
SERTRALINE
DISTILED WATER
PHYSICAL FEATURES
5mg (d) 10 mg (d) 15 mg (d)

Median (range) Median (range) Median (range) Median (range)

Ear unfolding 20 (1-3) 3,0 (29 30 (2-3) 3,0 (2-9)*
Auditory conduit opening 11,0 (10-12) 12,0 (10-13)* 13,0 (11-14)* 12,0 (10-13)*
Irruption of the upper incisors 8,5 (6-9) 9,0 (7-10) 9,0 (7-10) 9,0 (8-13)*
Irruption of the lower incisors 11,5 (8-13) 11,0 (10-14) 12,0 (10-14)* 12,0 (10-14)*
Eyes opening 13,0 (12-14) 13,0 (12-16) 13,0 (11-14) 14,0 (11-15)
d =days of life

For reflex ontogeny, Kruskal-Wallis analysis indicated significant changes in the cliff
avoidance (H=22.385, p < 0,001), negative geotaxis (H= 39.997, p < 0,001) and free- fall righting
(H=13.044, p < 0,005). Multiple comparisons of these reflex among treated groups (Dunn test)
showed that the cliff avoidance advanced in Sert10 (p<.05), negative-geotaxis (p<.05) delay in

Sertl5 group and free-fall righting retarded in Sertl5 group (p<.05). The clif avoidance
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antecipated in Sert10 (p< .05). Do not observed delay in palmar grasp, righting, startle response

and vibrissa-placing reflex in any doses, compared to Dw. (Fig. 3B).

Figure 3B
GROUPS
SERTRALINE
REFLEXES DISTILED
WATER 5mg 10 mg 15 mg
(d) (d) (d)
Median (range) Median (range) Median (range) Median (range)
Palm grasp 4,0 (3-6) 5,0 (3-8) 6,0 (3-8)* 50 (3-6)
Righting 9,0 (6-12) 9,0 (7-13) 9,0 (5-12) 9,0 (7-14)
Vibrissa placing 12,0 (10-15) 11,0 (8-14) 11,0 (9-15) 12,0 (10-15)
Cliff avoidance 12,0 (7-15) 12,0 (8-14) 10,0 (5-13)* 13,0 (9-15)
Negative Geotaxis 12,0 (10-13) 13,0 (9-17) 12,0 (10-14) 15,0 (11-16)*
Startle response 12,0 (11-13) 12,0 (12-16) 13,0 (10-16) 13,0 (12-13)
Free fall righting 14,0 (11-17) 145 (12-17) 14,0 (12-17) 150 (13-17)*
DISCUSSION

Our findings showed that chronic administration of sertraline during the critical period of

rat brain development induced changes in the growth and in the development. In general the drug

impaired the somatic growth measures and body weight. As for body weight the increase of

drug’s doses resulted in equivalent growth alteration of the body length, of the tail length and axis

of the head. In relation to the craniofacial measures, the treatment with sertraline provoked a

distortion in the head's growth depending on the dose. Since the treatment with sertraline

committed the maturation of some reflexes it is likely that structural alterations have affected the

nervous function

The sensitivity of vertebrate head growth to epigenetic manipulations has been well

demonstrated (Herring 1993; Dressino & Pucciarelli (1997). The action of the drug upon the

serotoninergic mechanisms might be responsible for these effects since SSRIs increase the
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serotonin release in the synaptic cleft (Hytel, 1994). Shuey et al (1993) demonstrated alterations in
the craniofacial development in embryos, manipulating 5-HT;a receptor with the specific
serotoninergic agonist 8-OH-DPAT. Some of these changes consisted of shortening of skull
dimensions,_a result similar to that experienced by the animals receiving 15 mg of sertraline in the

present experiment.

Therefore it is pertinent to considerer the delayed development of the structures inside the
skull (ear unfolding and auditory conduit) and face (upper and lower incisors), in this study,
because such a delay might be associated to the head growth reduction also here observed. In
addition, the interaction between sertraline and time, indicates that the highest sertraline dose
caused not only a reduction of body weight gain, of body growth and of tail growth but also that
this reduction began earlier than in the two lowest doses. These changes deserve attention because
they reveal the existence of growth mechanisms in body tissues, which are dose-sensitive to
sertraline. Since this drug increases serotonin release (Hyttel 1994), it may be suggested that
serotoninergic mechanisms may be responsible for the observed effects. Therefore during sukling
period, the tissue may be able to respond to the sertraline challenge. Moreover, a 5-HT trophic
role in the formation of the craniofacial structure, including the maturation of the tooth germ, was
also already described (Moiseiwitsh and Lauder 1996). Our findings are supported by these
studies considering teeth eruption delayed in the sertraline groups. Also, there is evidence that
SSRIs and some serotoninergic agonists as well increase 5-HT release not only in neuronal tissues
(Lauder et al, 1988; Lauder 1990; Buznikov 1990) but in non-neuronal ones as well (Shuey et al
1993; Lauder 1993). Interestingly, serotonin has a trophic action in the differentiation of several
tissues during the prenatal and postnatal periods (Lauder 1993; Moiseiwitsh and Lauder, 1996) by
acting as a neurotrophic factor (Yan et al., 1997). Some studies in culture of mouse embryos
treated with serotonin suggest an improved development of serotoninergic cells in the nervous

tissue, as well as cells of the nasal prominence, epithelium covering the eye, optic vesicle and oral
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cavity (Lauder et al, 1988; Lidov and Molliver 1982) These findings indicate that this amine play
arole in the control of the epithelial-mesenchymal interactions during craniofacial morphogenesis
(Hall 1981; Shuey et al 1993). Serotoninergic treatment also caused malformation both in nerve
and bone structures of mice embryo (Lauder and Krebs 1993). Several of these events begin in the
second week of life and the first serotoninergic neurons appear soon as the 12" to 14™ days of
gestation (Lidov and Molliver 1982) Thus during suckling the tissue may be able to respond to the
sertraline challenge. Moreover, a 5-HT trophic role in the formation of craniofacial structures,
including maturation of the tooth germ, was also observed (Moiseiwitsh and Lauder, 1996). Our

findings are supported by these studies considering teeth eruption delayed in the sertraline groups.

In the present study, besides the damages in growth parameters, the possible increased
serotonin level induced to sertraline, provoked a delay in the reflexes. Reduced levels of
5HIAA were found in the brain of rats after chronic treatment with sertraline (Kelly and
Leonard, 1994) and other SSRIS (Fuller et al., 1988; Koe et al., 1983). These points out what
suggest an increased 5-HT following sertaline treatment. It is noteworthy that early protein
malnutrition is a condition known to increase brain’s 5-HT levels (Morgane et al., 1993). It
is known that alterations in the appearance of reflexes indicate a correlation between
biochemical and structural development and ontogenesis of the nervous system (Adlard and
Dobbing, 1971; Dow-Edwards 1996). Undernourished rats present a delay in the development
of reflexes, such as palm grasp; startle response and free-fall righting (Smart and Dobbing,
1971b). Besides, the neonatal treatment of rats with a another SSRI, LU 10-134-C, induced an
increased immobility time and an altered forced swimming behavior (Hansen et al.,1997). On
the other hand, it is known that the 5-HT system has an important role in the regulation of
appetite and that drugs which increase extracellular concentration of the 5-HT, like SSRIs, are
effective anorexic agents in adult rats (Kelly and Leonard, 1994); Ishii et al., 2003). Thus, the

persistent reduction in the weight gain observed in this study, in all sertraline doses, seems to
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indicate that permanent alterations in the serotoninergic system have induced this damage.
However, we can not exclude the effect of Sertraline per se since that recent studies
measuring the time of imobillity in forced swimming test found a reduction that was not
antagonized by depletion of 5-HT induce by 5,7- DHT (Kostowski and Krzascik, 2003). So,
we cannot rule out a similar action of sertraline since the delayed the gain of body weight and
reflex ontogenesis. In our experiment deserve attention the fact that changes in appearance of
some reflexes’, occurred at the same time or even before changes in body measurements. This
suggests that influence of 5-HT in these distinct processes.

Acknowledgments:This study had the financial aid of CNPg, CAPES/COFECUB/PQI

Legends

Figure 1A- Body weight of suckling rats from the 1% to 21% day of life, treated with
solutions (1ml/100g b.w., s.c.) sertraline (Sert): Sert 5mg/kg s.c. (n=25): Sert 10mg (n=27),
Sert 15mg (n=17) or distiled water (Dw, n=27). Comparisons were made by two-way
ANOVA for repeated measures: sertraline (Fs oo = 11,62, p<. 001), day of life (Fzo, 1840 =
3890,74 p<. 001) interaction sertraline versus day of life (Feo 1840 = 8.63, p<.001).
Comparisons (Dunnett test) between each sertraline dose and saline: each point represents
mean, value. The simbols * = Sertl5 , # = Sertl0 and f = Sert5 indicate beginning of

significant difference (p<.05) until the end of the experiment.

Figure 1B- Body length of suckling rats from the 1* to 21* day of life, treated with solutions
(Iml/100g b.w., s.c.) sertraline (Sert): Sert 5mg/kg s.c. (n=25): Sert 10mg (n=27), Sert 15mg
(n=17) or distiled water (Dw, n=27). Comparisons were made by two-way ANOVA for
repeated measures: (Fsg, =25.87, p<. 001) and day of life (Fyo 1840 = 4622.97, p<. 001) in

addition to an interaction between sertraline versus day of life (Feo, 1820 = 9.19, p<. 001).
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Comparisons (Dunnett test) between each sertraline dose and Dw: each point represents mean,
value. Each point represents mean value. The simbols * = Sertl5 , # = Sertl0 and T = Sert5

indicate beginning of significant difference (p<. 05) until the end of the experiment.

Figure 1C- The tail length (TL) of suckling rats from the 1% to 21% day of life, treated
with solutions (1mI/100g b.w., s.c.) sertraline (Sert): Sert 5mg/kg (n=25): Sert 10mg (n=27),
Sert 15mg (n=17) or distilled water (Dw, n=27). Comparisons were made by two-way
ANOVA for repeated measures: sertraline (Fs, g2 =5.60, p<. 001) and day of life (F2o, 1840
=6059.8, p<. 001) in addition to an interaction between sertraline versus day of life (Feo, 1840
=5.31, p<. 001). Comparisons (Dunnett test) between each sertraline dose and saline: each
point represents mean, value. The simbol * = Sertl5, indicate beginning of significant

difference (p<. 05) until the end of the experiment (Figure 2A).

Figure 2A- Medio-lateral head axis (MLHA), of suckling rats from the 1% to 21% day
of life, treated with solutions (1ml1/100g b.w., s.c.) sertraline (Sert): Sert 5mg/kg (n=25): Sert
10mg (n=27), Sert 15mg (n=17) or distiled water (Dw, n=27). Comparisons were made by
two-way ANOVA for repeated measures: sertraline (Fz 9, = 3.56, p<.001) and day of life (Fo,
1840 = 146.90, p<.001); an interaction sertraline versus day of life (Feo, 1840 = 1.809, p<. 001).
Comparisons (Dunnett test) between each sertraline dose and saline: each point represents
mean, value. each point represents mean, value. The simbols * = Sert15 (4™ to 8" and 13" to
21%days) and t = Sert5 indicate beginning of significant difference (p<. 05) until the end of

the experiment or statistical significance interval.

Figure 2B-Anteroposterior head axis (APHA) of suckling rats from the 1* to 21* day of life,
treated with solutions (1ml/100g b.w., s.c.) sertraline (Sert): Sert 5Smg/kg (n=25): Sert 10mg (n=27),

Sert 15mg (n=17) or distiled water (Dw, n=27). Comparisons were made by two-way ANOVA for
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repeated measures: sertraline (Fsgs = 6.32, p <. 001), day of life (Fy 1900 = 1247.12, p <. 001);
interaction between sertraline and day of life (Fe 1000 = 2.90, p<.001). Comparisons (Dunnett test)
between each sertraline dose and saline: each point represents mean, value. (p<. 05). The simbols * =
Sertl5 , # = Sert10 and { = Sert5 indicate beginning of significant difference (p<.05) until the end of

the experiment.

Figure 3A- Maturation of physical features of the suckling rats treated from the 1* to the 21% day of
life with solutions (1ml/100g b.w. s.c) Sertraline (Sert) 5mg (n=25), 10mg (n=27) and 15 mg/kg s.c. (n=17)
or distiled water (Dw, n=27). Comparisons were made by the Kruskal-Wallis analysis of variance followed
by the Dunn” test to compare physical features between each sertraline dose and Dw group. Significant

difference, *p < .05.

Figure 3B. Reflex maturation of suckling rats from the 1% to 21% day of life, treated with solutions
(1ml/100g b.w., s.c.) sertraline (Sert): Sert 5mg/kg (n=25): Sert 10mg (n=27), Sert 15mg (n=17) or distiled
water (Dw, n=27): Comparisons were made by the Kruskal-Wallis analysis of variance followed by the
Dunn” test to compare physical features between each sertraline dose and Dw group. Significant difference,

*p<.05.
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5.4  Quarto artigo

Titulo: NEONATAL TREATMENT WITH THE SEROTONIN SELECTIVE REUPTAKE
INHIBITOR, CITALOPRAM, DELAYS REFLEX ONTOGENY.
Submetido para publicagdo como artigo original na revista: Archives General Psychiatry-

julho de 2004.

O objetivo deste trabalho foi investigar efeito da administracdo neonatal, com o inibidor
seletivo da recaptacédo da serotonina - citalopram sobre o0 peso corporal, e o desenvolvimento
de reflexos em ratos. Os resultados obtidos mostram que os tratamentos com citalopram
durante o periodo critico de desenvolvimento do cérebro, retarda a evolugdo ponderal e
provoca atrasos na maturacao da maioria dos reflexos estudados.

Running Title: SSRI1 and ontogeny of reflexes

REFLEX ONTOGENY RETARD AFTER TREATMENT WITH THE SEROTONIN

SELECTIVE REUPTAKE INHIBITOR, CITALOPRAM

Abstract

Serotonin influences growth and development of the nervous tissue including
serotoninergic neurons. The possibility exists that increased brain serotonin availability in

young animals facilitates the neuro-behavioral responses. This study investigated the body
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weight gain and reflexes ontogeny of neonate rats treated during the suckling period with
different doses of citalopram (5mg, or 10mg/kg, sc, daily). The time for appearance of
reflexes (palm grasp righting, free-fall righting, vibrissa placing, auditory startle response,
negative geotaxis and cliff avoidance) as well as the body weight evolution were recorded. A
delay in time of reflex development and a reduced weight gain were observed. The findings
suggest that altered serotoninergic system activity induced by citalopram administered early
in life could play a role in the body weight gain and in the maturation of the most reflex
responses.

Keywords: serotonin, SSRI, citalopram, reflex development.

1. Introduction
Serotonin has been shown to have multiple functions as a neurotransmitter by exerting
modulating effects on neural excitability (Aghajanian and Marek, 1997). There is large evidence
of its participation in pain sensitivity, motor activity, body thermal-regulation, sleep, feeding
behavior and mood (Chopin et al., 1994; Olivier et al., 1995). Encephalic areas known to be
involved in psychomotor processes, such as brainstem, cerebellum, diencephalon, basal ganglia
and cerebral cortex, are innervated by serotoninergic pathways from raphe nuclei (Jacob and

Azmitia, 1992).

Experimental evidence indicates that also serotonin can influence embryogenesis and
growth (Palen et al., 1979; Whitaker-Azmitia, 1991) by acting presumably as a developmental
signal (Liu and Lauder, 1992) or as a neurotrophic factor as well (Yan et al., 1997). Furthermore,
serotonin seems to play a role in regulating the development of mammalian brain through an
action on the serotoninergic neurons itselves (Whitaker-Azmitia and Azmitia, 1986; Shemer et al.,

1991; Whitaker-Azmitia, 1991).

By the other hand, the growth and development of the central nervous system occur
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with great intensity during the gestation and suckling period in the rat (Morgane et al., 1993).
In these phases brain structures are is highly vulnerable to several types of aggression. In the
rat, the first serotoninergic neurons appear between the12™ and the 14" day of gestation
(Lidov and Molliver, 1982). The second and third week of postnatal life are distinguished for
an abundant dendritic arborization of serotoninergic axons in the cerebral and cerebelar
cortex, in the hippocampus and in striatum (Lidov and Molliver, 1982). The final density and
location of the serotoninergic neurons terminals occur only during postnatal maturation
(Lidov and Molliver, 1982; Wallace and Lauder, 1983)

During pregnancy or suckling period, pharmacological or nutritional manipulations can
induce drastic morphological and functional changes in the growth and development of the
nervous system (Noback and Eisenman, 1981; Manhdes de Castro et al., 1993; Manhées de
Castro et al.,, 2001). Furthermore, the reflexes maturation constitutes an indicator of the
development nervous system (Fox, 1965). Retard in reflex ontogeny in malnourished rats was
observed by Smart and Dobbing (1971). High levels of 5-HT and 5-HIAA were found in brains of
undernourished animals up to 300 days old (Stern et al., 1975). In addition the selective serotnin
reuptake inhibitor in general have anorexic properties (Moses and Wurtman, 1984; Clifton and

Lee, 1997)

Thus, the possibility exists that the use of serotoninergic agents in the initial phase of life
could have some effects on the body growth and sensory motor functions. Since there is no data
about this issue, the investigation of the possible effects of early serotoninergic system
manipulation on reflex development is highly desirable.

The objective of this study was to test the hypothesis that the administration of citalopram,
a highly selective serotonin reuptake inhibitor (Baumman 1996), in rats during the suckling period

- the so called brain growth spurt - induces changes in the appearance time of congenital reflexes.
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2  Material and methods

2.1 Animals

Wistar male rats from the colony of the Nutrition Department — Federal University of
Pernambuco — Brazil were coupled to obtain litters. During gestation until the end of the
experiment, the animals were housed in polyethylene cages (30 x 27 x 47). Male pups from
different mothers were randomly distributed in litters of 6 neonates, 24 hours following the birth.
Each pup was labeled with a mark of methyl violet solution in the skin, for identification during
the experiment. Each litter was breastfed by one of the dams until the 21* post-natal day (day of
birth considered as zero day). The animals were maintained at a room temperature of 23+1°C, on
a light-dark cycle of 12/12 hours (light on 6:00 a.m. to 6:00 p.m.) with free access to meal

(Labina-Purina of Brazil) and water.

2.2. Pharmacological treatment and experimental groups

A blind experiment was performed to prevent identification of the experimental groups. The
animals of the different groups were simultaneously appraised. According to the experimental
treatment, three groups (n=27 each one) of suckling rats were distributed as follows: group Cit5
(5mg/kg, sc); group Citl0 (10mg/kg, sc); and one control group receiving an equivalent volume
of saline solution (NaCl 0.9%, sc.). During the experiment one neonate of the Cit5 group died.
Therefore, 80 rats were evaluated during the whole experiment. The time for reflexes maturation
and the body weight were determined. Citalopram (H.Lundbeck A/S, Copenhagen-Valby,
Denmarck), was dissolved a saline solution and injected in the concentration of 1ml/100g b.w.
The treatment was applied daily from the 1 to the 21% postnatal day (suckling period).

2.3 -Body weight

The measurement of body weight was accomplished at the 3,7,14 and 21 day, between 10:00 p.m.

and 1:00 p.m, by using a Marte scale, Brazil-S&o Paulo, SP (100mg precision).
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2.4 - Reflex testing

The reflex tests (according Smart and Dobbing, 1971) were carried out daily from the 1%
to the 21% postnatal day (Figure 1) and were conducted between 11:00 a.m. and 1:00 p.m. The
progress of the individuals was followed throughout the experiment. The time of appearance of
each reflex was defined as the first day of its occurrence during a period of three consecutive

days.

Figura 1

REFLEX

STIMULUS

RESPONSE

Palmar grasp - PG

Righting - R

Vibrissa placing — VP

Cliff avoidance - CA

Auditory startle - AS

Negative Geotaxis - NG

Free-fall righting - FR

Palm of forepaw stroked gently with a
paper clip.

Rat placed on back on a flat surface.

Rat held by the tail, head facing an edge
of bench, vibrissa just touching vertical
surface.

Rat put on edge of bench, with nose and
forefeet just over edge.

Sudden sound stimulus by percussion
with a metalic stick in a metal surface.

Rat placed with head downwards, on a
45 slope.

Rat held by the paws, back downwards,
is dropped from 30 cm on to cotton
wool pad.

Flexion of digits. As maturation
response, any or a very slight
flexion must be seen. To this
reflex, the disappearance date is
registered.

It turns over, to rest in ventral
decubitus, with the four paws on
the surface, in 10 seconds.

Lifts head and extends forepaws in
direction of the bench, making
oriented “walking” movements to
go far from the edge, in 10
seconds.

Withdrawal of head and both
forefeet from edge, moving away
from “cliff”, in 10 seconds.

Body retraction, with a transitory
immobility. The stimulus was
given twice in each test, with 1
minute interval.

Turns to face up the slope, , at
least = 130°, in 10 seconds.

Turns body in mid-air, to land on
all fours. All legs must be free of
body on landing.




3 - Statistical analysis

After preliminary testing to identify the distribution normality and homogenity among the
groups, statistical analysis were done: One-way ANOVA in 1%, 3" 7™ and 21% day for body
weight followed by post-hoc Dunnett test were used to compare each citalopram group with
saline. The Kruskal-Wallis analysis of variance followed by Dunn test was used to compare the
time appearance of the reflexes between each citalopram dose and saline. The level of

significance was p<.05.

The experimental protocol of this paper was approved by the Ethical Committee for
Animal Experimentation (CEEA) of the Federal University Pernambuco-UFPE and is in
agreement with the National Institute of Health guide for Care and Uses of Laboratory Animals
(Publication no. 85-23, revised, 1985).

4 — Results

Compared with saline, ANOVA found a lower body weight gain in the Cit10 group from
7" to 21" day (p<.01) and the Cit5mg dose did not differ (figure 2).

BODY WEIGHT

60

50 A

40 -

30 A

Weight (g)

20 1

10 A

Days od life

Figure 2 — Body weight of suckling rats from the 1%, 3™, 7™ to 21 day of life, treated with solutions (1ml/100g
b.w., s.c.) Cit 5mg (n=26), Cit 10mg (n=26) or Sal (n=28). Comparisons were made by One-way ANOVA follwed
Dunnett test: citalqpram F=48.5 (p{.OQl); between each citalopram dose and saline: *: p<.05. Each paint
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The disappearance of the palmar grasp and the vibrissa-placing were significantly
retarded in the two citalopram groups . Cit5 (p<.05) and Cit10 (p<.01); negative-geotaxis in Cit10
(p<.01) and Cit5 groups (p<.05) Free-fall righting retarded in the two citalopram doses (p<.001).
The auditory-startle-response delayed in Cit10 group (p<.01) but not in the Cit5 group. Finally,

the cliff-avoidance in citalopram groups did not statistically differ from the saline one.

REFLEX GROUPS
CITALOPRAM
SALINE

5mg 10 mg
Palmar grasp 25  (19) 65 (35" 60 (59)"
Righting 50 (39 8.0 (4-9)° 90  (5-10)°
Vibrissas placing ~ 11.0  (8-15) 130 (11-16)® 130 (11-17)°
Cliff avoidance 8.0 (7-14) 10.0 (8-13) 11.0 (7-18)
Negative geotaxis ~ 12.0  (8-16) 12.0 (9-16)° 130 (12-18)°
Auditory startle 110 (11-14) 12.0 (12-18) 130 (12-18)°
Free-fall righting 140 (12-18) 17.0 (16-19)c 16.0 (14—21)C

Figure 3-Effect of the treatment with citalopram 5mg and 10mg/kg once day.
Evaluations were realized of the 1% to 21th day of life on ontogeny reflex. Kruskal
Wallis followed Dunnet’s . ®p<0.05; "p<0.01; ©p<0.001

5. Discussion

The present study showed that chronic administration of citalopram during the critical
period of brain development in rats delays the body weight gain and the appearance time of
reflexes. The action of the drug upon serotoninergic mechanisms might be responsible for these
effects since SSRIs increase the serotonin release in the synaptic cleft (Hytel, 1994).

Although there is no direct evidence for this release, some studies observed the use of
SSRIs in young children (Riddle et al., 2001) or in neonate rats (Hansen et al., (1997), suggesting
a depression-like effect by neonatal manipulation of the 5-HT system with SSRI. In this study the
anorexic effect of citalopram was observed since a reduced delay in body weight gain occurred.
Recently, we showed a body weight gain decrease and aggressiveness reduction in adult rats

treated, early in life, with citalopram (Manhé&es de Castro et al., 2001; Barreto Medeiros, 2002).
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These findings were supposed to be associated to serotoninergic mechanisms because of the
serotonin inhibitory action on food intake, as shown by Clifton and Lee, 1997; Halford and
Blundell (1996, 2000).

The repercussions of other neonatal manipulations - as for example, early
malnutrition - on the development of the structural, neurochemical and functional integrity of
the nervous cells are well known (Morgane et al., 1993). Alterations in the appearance of
reflexes indicate a correlation between biochemical and structural development and
ontogenesis of the nervous system (Adlard and Dobbing, 1971). The content of the brain
monoamines during development increase more quickly after birth (Loizou and Salt, 1970).
Rats submitted early in life to low protein diets reveal altered brain levels of noradrenaline,
dopamine and serotonin (Resnik et al., 1979; Wiggins et al., 1984; Chen et al., 1995).
Therefore, a increased serotonin availability provoked by the SSRI treatment could have
caused the observed delay in the reflexes

Our data are supported by others: undernourished rats present a delay in the development
of reflexes, such as palm grasp, startle response and free-fall righting (Smart and Dobbing, 1971).
Increase on the latency of the startle response in adult rats treated with fluoxetine, during the
neonatal period was shown by Dow-Edwards (1996), this effect being reduced by m-
chlorophenylpiperazine, a 5-HT1g2c agent, suggesting the involvement of these receptors in the
reflex elicitation. In addition the treatment with fluoxetine diminished the lomotor activity in
young rats (Stanford et al., 2002). So, we could suggest a similar action of citalopram in the delay
of the reflexes ontogenesis.

Furthermore, chronic treatment with fluoxetine, another SSRI, reduced the synthesis,
dose-dependent maner of 5-HT, in the encephalon of mice indicated a reduction of the 5-HIAA/5-
HT rate (Stenfors and Boss, 2002). This finding reinforce the assumption of increased

serotoninergic neurotransmission after chronic treatment with citalopram in the present study.

The fact that citalopram administrated during the suckling period affect the body
weight gain and the development of the nervous system and their early behavioral expressions
support the view that: permanent morphological or functional alterations were produced
during the period of fast brain development, indicating the participation of the serotoninergic

system in this events.

Acknowledgments: This study had the financial aid of CNPg and PROIN/CAPES/PQI.
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55  Quinto artigo

Titulo: NEONATAL FEEDING BEHAVIOR: EFFECT OF THE TREATMENT WITH
FLUOXETINE.

Submetido para publicagdo como artigo original na revista: Brazilian Journal of Medical and
Biological Research - julho de 2004.

Neste trabalho investigou-se o efeito da administracdo neonatal em ratos, com o
inibidor seletivo da recaptacdo da serotonina — fluoxetina em diferentes doses sobre o peso
corporal, a ingestdo dos filhotes e 0 comportamento alimentar. Os resultados mostram que o
tratamento com fluoxetina durante o periodo critico de desenvolvimento do cérebro, retarda a
evolucdo ponderal, reduz a ingestdo alimentar dos filhotes e reduz a freqiiéncia de
comportamentos.

Running Title: SSRI and neonatal behavior
NEONATAL FEEDING BEHAVIOR: EFFECTS OF TREATMENT WITH FLUOXETINE

Abstract

This study investigated the effect of fluoxetine treatment on the body weight and
neonatal feeding behaviors. Male and female pups from different mothers were randomly
distributed in litters of 6 neonates, 24 hours after the birth (n= 8-10 litters). Three groups
(litters) received fluoxetine: group flul0 (n= 8) (10mg/kg, sc); group flus (n=8) (5mg/kg, sc);
group flul (n=8), (Lmg/Kkg, sc); and one control group received an equivalent volume of saline
solution (n=10) (NaCl 0.9%, sc.). Therefore, litters were evaluated: Fluoxetine hidrochloride
(Sigma-USA) was dissolved in saline and injected in the concentration of 1ml/100g b.w. The
treatment was applied daily from the 1% to the 21* postnatal day (suckling period). Our results
establish that the fluoxetine — reduce the frequency of mother-pups interaction and the
maternal grooming behavior; The time influenced the behaviors studied in all treatments. In
conclusion, fluoxetine - drug which increases the serotoninergic function by inhibiting its
reuptake - when administered during the suckling period, may reduce the frequency of
mother-pups interaction and the maternal grooming behavior, which involves several another
behaviors. Maternal behaviors are modified according to the age, but they were not influenced
by the treatment. Fluoxetine provokes a reduction in the body weight gain and in the maternal
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milk ingestion in the doses considered as moderately anorexic or even in lower doses.

1. Introduction

During the NS ontogenesis, the feedings behaviour of mammals goes through some
expressive changes. At birth, it is simple and automatic, becoming, in a short time, the complex
adult behaviour. In the rat, until the 18" day of life, the adult control of alimentary behaviour in
not effective. In this mammal, the behavioural maturity seems to be reached when suction ends in
response to satisfaction signs; before 14 days of life, peripherical signs of gastrointestinal
distension prevail. From this age on, the behavioural sequence of satisfaction is also similar to the
adult one, with a simultaneous reduction of mother milk consumption. Rats deprived of suckling
have a response similar to adults, in their first day of life, increasing subsequent ingestion.

In mammals, the organical systems, particularly the NS, obey to a developmental
chronogram, in which different phases occur in a genetically pre-defined temporal sequence.
In the rat, the critical period of development corresponds to suckling and shows intense
growing and differentiation of the NS.

Until pups reach the maturity of ingestion auto control, the mother plays the role of
stimulating the begin of suction. Studies with malnourished animals show that mother-pup

interaction is modified, changing the maternal behaviour.

Besides the aspects referred above about pups development and the modifications due
to environmental factors, the period of the NS growth spurt has as a characteristic the
neurotransmitters system development, among them the serotoninergic system (5-HT). In the
rat, this monoamine, derived from tryptophan, is presente in the encephalon of rats between
the 12" and 14™ days of gestation. Thus, besides of a growth and differentiation factor, as

serotonina (5-HT) seems to be, among other epigenetic factors, the adequate supply of
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essential nutrients during the critical period of brain growth is also highly relevant in men as
in rats.

Thus, the studies which hypothesis is the 5-HT system involvement in behavioral features
of mother-pup interactions, during suckling period, are scarce. The aim of this study was to
investigate, in neonate rats subjected to alimentary deprivation, the effects of SSRI (fluoxetine)

neonatal treatment on the behaviour of mothers and pups.

2. Material and methods
2.2 - Animals

Albine Wistar rats were obtained from the colony of Nutrition Department of
Universidade Federal de Pernambuco. Males and females were matched (between 90 and 120
days of life) in a room with temperature ranging between 23 * 2 °C, light /dark of 12/12h
(light 6:00 am to 6:00 pm) with food and water ad libitum during gestation, confirmed
through the body weight.

Pregnant females were housed individually in transparent polycarbonate cages (47 x 32 x
20cm) which allowed free observation. Male and female pups from different mothers were
randomly distributed in litters of 6 neonates, 24 hours after the birth (n= 8-10 litters). Each pup
was labeled with a mark of methyl violet solution in the skin, for identification during the whole
experiment. Each litter was breastfed by one of the dams until the 21* post-natal day (birth day
was considered as zero day). The animals were maintained at a room temperature of 23+1°C, on a
light-dark cycle of 12/12 hours (light on 6:00 a.m. to 6:00 p.m.) with free access to meal (Labina-

Purina of Brazil) and water.
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3. Pharmacological treatment and experimental groups

A blind study was performed so that the groups, were not identified during the
experiment. The animals of the different groups were simultaneously appraised. According to
the experimental treatment, four groups of suckling rats were designed as follows: Three
groups (litters) received fluoxetine: group flul0 (n= 8) (10mg/kg, sc); group flu5 (n=8)
(5mg/kg, sc); group flul (n=8), (Img/kg, sc); and one control group received an equivalent
volume of saline solution (n=10) (NaCl 0.9%, sc.). Therefore, litters were evaluated:
Fluoxetine hidrochloride (Sigma-USA) was dissolved in saline and injected in the
concentration of 1ml/100g b.w. The treatment was applied daily from the 1% to the 21%
postnatal day (suckling period). The pups received the Pharmacological treatment after
evaluation behaviors. The feeding deprivation and behavioral observation was realized on 3",
7" 14™ e 21 days of life. The body weight was verified also in the 1% day for verifying
weight homogeneity . The pups were deprived by 4h from theirs dams, without access to milk
of this mother, water and food in the mentioned experiment days. At this time (12:00 to
16:00h) the litters housed in cages with same characteristics of the biotery, including of the
nest by way to let the body temperature of pups at *31 °C.

4. Behavioral Analyses

The behaviors were registered for direct observation during 60 minutes. on 3¢, 7 14" e
21% suckling days. A experimental protocol and digital Watch to register the duration in seconds
and the frequency (numbers of times of occurrence) of the evaluated at 12:00 pm 1h pm. The
observator stayed about 1,5m to distance of cage. By according the birth’s day were changed to
the table’s observation a day before of the test , to facilitate the behavioral analysis of the animals.

The behaviors were evaluated for direct observations (Riul et al., 1999) and registered the

duration and frequency of mentioned behaviors.
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4.1 - Suckling
Was registered when at least one pup was observed attachment maternal “s nipple .The

behavior was finished When the last pup left the nipple.

4.2 - Ingestion

The individual feeding ingestion in grams (g) was verified in all tests days (3", 7™,
14™ and 21%). It was quantified through of the body weight of the pups (HOUPT, 1973)
during the period of behavioral observation. This one was calculated by the subtraction of the
final weight of every pup by the initial one.

4.3 - Mother-pup Interaction

This behavior was registered when the observer verified active's interaction between mother
and one or more of her pups, sniffing, licking or carrying the pups.
When at least one pup interacting with her mother, sniffing, together or in top of her was also
registered.
4.4- Building construction
The activity where the mother was observed pushing or carrying with her mount the
material of the nest. This behavior was evaluated on 3rd, 7th and 14th postnatal day.
4.5 - Grooming
The mother licking the previous paws with movements of this one on the head go on
licking the ventral body region, back and subsequent paws. This is a stereotyped behavior
constituted a previous behavior.
4.6 - Feeding pups behavior (21* day)
This behavior was registered only, when one of pups was observed in tunnel and eating
ration. The register was started when the observator saw one or more pups feeding and finished

when the last of them left the tunnel.
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5.0 - Body weight

The pups were weighed individually on 1st postnatal day (to verify if it would not have
difference in the mean or measured of its weight in the start of the treatment )and the other days
of the test. The weighted was realized before and after of the behavioral observation. Before
weighted, It was carried through a genital stimulation in the pups for eliminations (Hall e Epstein
et al., 1977).before weights them. This method consists in a light friction with a swab in the
genital region of the pups until that the excretion of urine or excrements occurred. This
procedure guarantied a higher confiability to the quantifying of the feeding ingestion.
In the realization of the weighted was used electronic balance with precision of 100 mg
(MARTE, model 1001).

6.0 - Statistical analysis

Following preliminary testing to identify the normality of the distributions (Kolmogorov —
Smirnov test) and variance homogeneity among the groups (Levene’s test), statistical analyses
were performed. The results of the behaviors (in seconds) were changed in Logio. A two-way
ANOVA for repeated measures followed by the post-hoc Bonferroni test was utilized for the
mother behaviors and interaction mother-pups behaviors; ANOVA followed Dunnett test for
body weight; Kruskal Wallis (Normality test failed) for analysis the pups ingestion. The level of

significance was p < 0.05.

The Ethical Committee for Animal Experimentation (CEEA) for Federal University of
Pernambuco-UFPE, being in agreement with National Institute of Health Guide for Care and
Uses of Laboratory Animals (Publication no. 85-23, revised, 1985) approved the experimental

protocol. For analysis of the collected information was used the program GMASTAT 2.0.
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7 - Results

7.1 - Body weight

For body weight gain ANOVA showed significant effect of fluoxetine (Fs 140 = 16,982, p
< 0.001) days of life (F4 s60 = 4626,87, p< 0,001 as well a an interaction between fluoxetine and
days of life (Fi2, s60 = 14,982, p<0.001). Dunnett test, demonstrate significant difference in
fluoxetine by the end of the lactation period (21% day): An increase in body weight of Flul
(50.27+1.10g) and a decrease in Flul0 (40.46x 0.90g) was observed compared to saline group
(46.50+1.20). No difference in Flu5 group was observed compared to saline group (p<0.05)

(Figure 1).

7.2 - Pups ingestion

As illustrated in Figure 2, ANOVA indicated an significant overall effect for fluoxetine
(F3188 = 92,4380, p< 0.001), significant effect for day of life (F3 se4 = 145,7268, p<0,001) and in
the interaction between these two factors (Fg 564 = 3,6227, p<0,001). Kruskal Wallis test showed
significant difference in the three fluoxetine doses compared to saline: by the end of the lactation
period (21% day) the ingestion of the saline group 1.45 (0.70-2.90)g compared with fluoxetine
groups: 0.90 (0.70-1.20) g Flul; 0.90 (0.70-1.20) g Flu5; and 1.20 (0.20- 4,10) g Flu10 (p<0.05).

7.3 - Suckling

For duration of the suckling statistical analysis showed significant effect for days of life
(Fs.102 = 16.1964; p< 0.001). Did not significant effect of fluoxetine as well as interaction between
these two factors. A significant increase in duraction of the suckling in 3 day when compared to
14" and 21% days (p<0.05) (figure 3).

For frequency during the suckling period observed the statistical analysis showed an

significant effect for day of life (F3 10, = 5.3816; p<0,001); and not significant for fluoxetine and
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interaction between fluoxetine and the time. Occurred a higher frequency in the 14™ compared to

21%day (p<0.05) (figure 1).

7.4 - Building construction
For duration of building construction, ANOVA showed significant effect for days of life
(F268 = 10.3300; p< 0.001); did not occurred difference in the treatment and in the interaction
between the factors treatment and time.
A higher frequency in the 3" and 7" compared 14" day was observed (p<0.05) (figure 4).
For these behavior the frequency presented significant difference for day of life (F 2, 65 = 7,9098;
p< 0,001). An effect did not significant for fluoxetine and interaction between these factors was

observed. A lower frequency in the 3 day compared 14" day was observed (p<0.05) (figure 4).

7.5 - Mother-pup interaction
For mother-pup interaction the duration of this behavior presented did not significant
effect for any of the factors analyses (figure 5).
Statistical analysis showed significant effect of the frequency of mother-pup interaction
for fluoxetine groups (Fs34 = 5,8063, p < 0.01); However did not significant effect was showed
for day of life and the interaction between treatment and time. A higher frequency in Flul0 and

Flu5 groups compared to Sal group was found (p<0,05) (figure 5)

7.6 - Grooming
For duration of the grooming behavior, significant effect in days of life (F3 10,=3,6514, p
< 0,01) was showed. Statistical analysis found did not significant effect of fluoxetine as well in the
interaction between fluoxetine and days of life. A higher duration in day of life in these behavior

was identified (p<0,05) (figure 6).



104

Statistical analysis showed significant effect for fluoxetine (F334 = 5,1865, p< 0.01) and for day
of life (Fs 102 = 7,5155, p<0,001) for frequency of the grooming. significant effect in the
interaction between these factors did not observed. The higher frequency was observed in the 3"
day compared t014™ and 21% day as well as a greater increase in the frequency of mother-

grooming in Flu10 group compared with Sal group in all days observed. (p<0,05) (Table 4).

7.7 - Feeding behavior of pups (21* day)
The duration of pups feeding behavior (21% day) statistical analysis showed did not
significant difference between treatments as well as in frequency of feeding behavior of the pups

in fluoxetine groups compared to saline group (figure 7)

8.0 - DISCUSSION
In the present study, it has been observed that the fluoxetine (SSRI) neonatal treatment
delayed the body weight gain in the highest doses and increased body weight gain in the lowest
dose. Besides, the fluoxetine treatment provoked a reduction in mother milk ingestion for all used
doses in most of the studied days. Recently, some studies by our labs verified that a reduction in
the body weight gain in young rats treated with citalopram (another SSRI) (Manhé&es de Castro et
al.,, 2001). The highest dose used here was considerate as moderately anorexic (Clifton et al.,

1989).

Among the behaviors studied, the fluoxetine in highest doses provoked an increase in the
frequency of mother-pups interaction and in the frequency of mother grooming behavior. The
increase of the frequency of mother-pups interaction observed in the present study characterizes
higher mother-pups interaction, for the execution of other subjacent behavior, which, in this case,
seems to have suffered the influence of pups treatment, which were approaching for more times

their mothers. Moreover, neonate rats are unable to keep body temperature. The vascular
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response of the animal for body heating becomes effective after 12 days of life and only after the
21% day of life, the rat acquires the capacity to keep stable body temperature (Couklin and
Heggeness, 1971). Thus, the increase of the mother-pups interaction, here observed, may be
viewed as an addition of maternal care to keep pups temperature, since fluoxetine treatment did
not alter neither the duration, nor the frequency of suckling.

In addition, the observation that the relationship of mother-pups interaction with the
duration and the frequency of suction, which suffered time influence, is not depending on the drug
is interesting. The first week of life was outstanding in the expression of this behavior duration,
while the frequency increased in the second week of life when the pups begin to interact with their
mothers in an autonomous and independent way. Thus, the influence of age, observed in this
study, would be justified. In this way, during suckling, the mother enjoyed the interaction with its
pups in a simultaneous way (by licking, even cleaning and approaching them to itself), which
does not occur to other behavior depending generally on the distance of the pups. The cleaning
behavior had its frequency increased in the litters which were treated with fluoxetine in the
highest dose, also being observed the influence of age on this behavior, which was more frequent
in the two initial weeks of life.

The behavioral synchrony between mother and pups, during the suckling period, requires
a continuous maternal adaptation to the development of the pups (Crnic, 1980). In rats, several
maternal behavioral settings play an important role in the determination of energy availability for
the pups (Crnic, 1980). Some studies have been demonstrating that mother-pup interaction, the
quantity/quality of maternal cares and the interaction between brothers, during the critical period
of development, seem to interfere on the CNS ontogenesis. The first hours of mother-pup
interaction are considered decisive for the behavioral development (Galler e Propert, 1982).

The changers observed in the present study may indicate the participation of 5-HT in the

maturation of early post-natal behaviors. Since the pre-natal phase, the serotonina would be



106

present in development stages, taking part in early processes of cellular control involved in the
development and acting as a neuronal growth factor (Buznikov 1984; Lauder 1988; Whitaker-
Azmitia 1987). High densities of 5-HT receptors may be found in the brainstein and in the
forebrain in the post-natal period (Whitaker -Azmitia et al.,1987).

On the other hand, the feeding provides energy and nutrients necessary to maturation and
functional development of the NS (Morgane et al., 1993). Nutritional deficiency is able to alter
morphogenetic events with harmful consequences to development and acquisition of mature
physiological patterns (Dobbing 1964; Winick e Nobel, 1966; Noback e Eisenman, 1981). The
neonates subjected to protein malnutrition present a disorganization of hypothalamic centers
which regulate body weight and the metabolism (Plagemann, 2000). A study suggests that
nutrients deficiency during early life have influences on the neurotransmission and, in
consequence, could affect the behavioral expression (Wauben e Wainwright, 1999). The
alterations in mother-pups interaction, as those derived from the malnourished, may cause a delay
in the development and an increased dependence of the pups to their mothers (Riul et al., 1999).
Moreover, behaviors are triggered and guided by neural events, but each behavioral act involves a
response of peripheral physiological system which is translated to the brain neurochemical
activity (Blundell, 1993).

A significant reduction in body weight of pups treated with fluoxetine in the highest dose
has been observed in this study. Besides of the weight loss, pups ingestion was also reduced in all
used doses, being influenced by the time (days of life of the animals) and by the interaction
between both these factors. Thus, the anorexic effect provoked by fluoxetine seems clear in this
study, independent of changes in other behaviors. Kalia et al., (2000) observed dramatic anorexic
effect and weigh loss after fluoxetine treatment. A study by Simansky and Vaidya (1990) showed
that sertraline reduce milk ingestion, after alimentary deprivation in adult rats, through

modifications of behavioral mechanisms. The expressive weight loss of animals treated with
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fluoxetine in the highest dose observed in this study, may be explained this way, causing a
possible malnutrition to the pups. The permanency next to the mother may not be an exclusive
condition for suckling, since the neonate depends on its mother for maintaining temperature,
among other physiological functions (Friedman, 1975). An interesting fact was the increase of
weight observed in the lowest dose. Chronic treatment with SSRIs may provoke receptors
desensitization, causing hyperphagia and increase of the weight (Gardier et al., 1996; Hamon and
Gozlan 1993).

In conclusion, our results establish that the fluoxetine — a drug which increases the
serotoninergic function by inhibiting its reuptake - when administered during the suckling
period, may reduce the frequency of mother-pups interaction and the maternal grooming
behavior, which involves several sub-behaviors. Other maternal behaviors are modified
according to the age, but they were not influenced by the treatment. Fluoxetine provokes a

reduction in the body weight gain and in the maternal milk ingestion in the doses considered

as moderately anorexic or even in lower doses.
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Fig.1. Effect of the fluoxetine treatment on the body weight. The pups were weighted
throughout the lactation in 3", 7", 14™ and 21% days. Each bar represents the mean + SEM;
Comparisons by Anova One-Way. Dunnett test was used for multiple comparisons (*p<0.05).

Figure 2
Pups Ingestion

GROUPS
Days of life N Fluoxetine
Saline
1 mg 5mg 10 mg
3 36 0.50 (0.0 - 2.4) 0.20 (0.1 - 0.5)* 0.20 (0.0 -0.7)* 0.50 (0.0-1.3)
7 36 1.10(0.1-1.6) 0.40 (0.0-0.7)* 0.30(0.1-1.4)* 0.90 (0.2-1.7)*
14 36 1.40 (0.6 - 2.7) 0.70 (0.4 - 0.9)* 0.65 (0.2 - 1.2)* 1.10 (0.3-3.2)*
21 36 1.45 (0.7 - 2.9) 0.90 (0.7 - 1.2)* 0.90 (0.2 - 2.0)* 1.20 (0.2 -4.1)*

Fig.2. Effect of the treatment with fluoxetine on the ingestion of the pups. The ingestion of the milk and/or diet (g)
was evaluated during 1h, in 3, 7" 14™ and 21 days. Values represented in median, maximum and minimums

(parenthesis). *p< 0,05, Kruskal Wallis followed Dunnett test.

Figure 3
GROUPS
. Fluoxetine

Days Saline
of (n = 10)
Life 1mg(n=28) 5mg (n =10) 10 mg (n = 10)

Duration Frequency Duration Frequency Duration Frequency Duration Frequency

©) ©) ©) ©)

3 3.51+0.02* 0.45+0.13% 3.42+0.04* 053+0.06*° 3.39+0.05 046+0.07° 3.47+0.02° 051+0.11°
7 3.43+0.03* 0.53+0.14% 3.45+0.03° 044+0.04* 340+0.04° 047+0.05° 342+0.03° 0.58+0.06°
14 3.36+0.03° 0.67 £0.11% 330+006° 058+007*° 3.34+004" 043008 3.22+0.07b 0.58+0.05°
21 3.31+0.03° 0.47 £0.16° 3.31+0.04° 0.29+0.10° 3.30+0.04° 0.341+0.08° 3.31+0.05° 0.34+0.08°

Fig.3. Effect of the treatment with fluoxetine on the suckling pups. The duration and the frequency of this
behavior was registered during 1h, in 3™, 7™, 14™ e 21 suckling days. Different letters represents statistical
difference of the mean + SEM; Comparisons by Anova Two-Way. Bonferroni t-test was used for multiple
comparisons (> © p<0.05), S = seconds
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Building construction
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GROUPS
Days Saline Fluoxetine
I?ffe (n=9) 1mg(n=8) 5mg (n = 11) 10 mg (n = 10)
Duration Frequency  Duration Frequency Duration Frequency  Duration Frequency
(s) (s) (s) (s)

3 1.73+0.27% 0.38+0.10°  2.31+0.18° 0.69+0.13°  1.39+0.29°  0.24+0.08°  1.79+0.20* 0.57+0.11°

7 151+0.25% 0.39+0.10°  1.72+0.31° 0.36+0.12°  150+0.25°  0.40+0.09°  1.23+0.35* 0.45+0.12°

14 0.45+0.30° 0.04+0.04°  0.92+0.35° 0.27+0.12°  1.33+0.29° 0.23+0.08"  0.92+0.31° 0.29+0.10°

S =seconds

Fig.4. Effect of the treatment with fluoxetine on the nest construction. The duration and the frequency of the
behavior was registered during 1h, in 3", 7" and 14" suckling days. Different letters represents statistical
difference of the mean = SEM; Comparisons by Anova Two-Way. Bonferroni t-test was used for multiple

comparisons (*® p<0.05).

Figure 5
Mother-pups interaction

GROUPS
. Fluoxetine
Days Saline
If)ff (n=8) 1mg (n=28) 5mg (n=11) 10 mg (n = 10)
ife
Duration Duration Duration Duration
Frequency Frequency Frequency Frequency
() (©) () (©)
3 2.45+0.36 0.76+0.13 2.89+0.08 1.05+0.07 2.43+0.25 0.79+0.10* 2.97+0.05 1.28+0.05*
7 2.64+0.38 0.88+0.14 2.95+0.10 1.01+0.12 2.81+0.09 0.86+0.09* 2.98+0.05 1.22+0.06*
14 3.00+£0.07 1.02+0.02 2.68+0.16 0.84+0.10 2.89+0.04 0.98+0.06* 2.84+0.11 1.04+0.11*
21 2.83+0.09 0.95+0.07 2.88+0.08 0.93+0.11 2.72+0.11 0.99+0.07* 2.74+0.07 1.03+0.07*

S = seconds

Fig.5. Effect of the fluoxetine treatment on the mother-pups interaction (seconds transformed
in log10). The duration and the frequency of the behavior was registered during 1h, in 3,
7™ 14™ e 218 suckling days. Values represented in parenthesis by mean + SEM;*p<0.05.
Values represented in parenthesis by mean + SEM; Comparisons by Anova Two-Way.
Bonferroni t-test was used for multiple comparisons (*p<0.05).

Figure 6
Grooming
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GROUPS

Days Saline Fluoxetine
L?]Ie (n=8) 1mg(n=28) 5mg (n=11) 10 mg (n = 10)
Duration Duration  Frequenc Duration Duration  Frequenc
Frequency y Frequency y
©) ) ©) ©)
0.94+ 126
3 206+030 090£0.09 2.34%0.12 015 251+014 091+£0.05 250+0.11 0.05
* « 085% * « 093+«
7 242+017 0.88+0.14 241+0.08 0.10 248+0.11 0.87+0.07 243+0.11 0.06
- « 054+ * « 103+
14 194+028 0.73£0.09 1.87+0.42 013 213+0.16 0.79+0.07 226%0.15 0.07
0.54 = 0.99

21 235+0.13 0.75%£0.05 201+0.12 013 242+0.05 0.85+0.07 204+0.28 013

S = seconds

Fig.6. Effect of the fluoxetine treatment on the grooming. (seconds transformed in log10). The
duration and the frequency of this behavior was registered during 1h, at 3, 7" 14" e 21
suckling days. Values represented in mean £ SEM; Comparisons Anova Two-Way, Bonferroni

t-test was used for multiple comparisons (*p<0.05).

Figure 7A

Feeding behavior of pups
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Fig.7. Duration of the feeding behavior of the littres (A)and
mean frequency of this behavior (B) during 1h, at 21% day of
suckling period. Each bar represents by median, maximum
and minimum. Kruskal Wallis followed Dunnett test
(p<0.05); there is not a statistically significant difference.
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De maneira geral, os dados obtidos no presente trabalho demonstram que o tratamento
cronico durante o periodo critico de desenvolvimento do SNC, com inibidores seletivos de
recaptacdo da serotonina, em diferentes doses, causa vérias alteragbes em pardmetros do
crescimento e desenvolvimento, bem como do comportamento alimentar neonatal, em ratos.
A magnitude das alteracGes de muitos dos aspectos estudados, parece ter dependido da dose
administrada.

Em principio, este estudo revelou que o tratamento com os SSRIs citalopram,
fluoxetina e sertralina, em particular nas doses mais altas, durante o chamado periodo
vulnerdvel do desenvolvimento do encéfalo, foi determinante para causar alteracdes
importantes no desenvolvimento de reflexos e de caracteristicas fisicas do animal neonato.
Sendo as caracteristicas fisicas estudadas, peculiarmente imaturas, em grande parte dos
mamiferos ao nascimento (MORGANE et al., 1978). Durante esse periodo, as alteracdes
observadas no peso corporal, nas demais medidas murinométricas e em parametros do
comportamento alimentar neonatal, trazem relevantes informacdes acerca das hipdteses
levantadas para o desenvolvimento deste trabalho e que originaram os artigos que dele fazem

parte.

A abordagem utilizada no presente trabalho assemelha-se aquela referida em um
estudo de HANSEN et al., (1997) e corroborada por KOSTOWSKY e KRZASCIKI, (2003).
HANSEN et al., (1997) demonstraram em ratos, que tratamento com LU10-134-C, um SSRI,
no periodo pds-natal, provoca alteracdes comportamentais na idade adulta. Assim, eles
observaram que o tratamento neonatal com LU10-134-C aumenta o tempo de imobilidade no
teste de nado forcado (depressdo experimental) embora ndo mostrasse alteragdes no “Open-
field”. Com estes experimentos, eles sugeriram um hipotético modelo animal de depressao
originado no periodo neonatal. A manipulacdo farmacoloégica com SSRI permitiu também a
esses autores considerar o envolvimento do sistema serotoninérgico na fase em que o cérebro

é mais vulneravel a agentes epigenéticos.

No presente trabalho, procurou-se aprofundar o estudo no periodo critico de
desenvolvimento do SN, analisando-se também o desenvolvimento do animal durante a fase
neonatal quando da manipulacéo do sistema serotoninérgico. Os testes de reflexos e a observacdo
de caracteristicas fisicas empregados permitiram obter informacdes importantes a respeito da

ontogénese do SNC no rato. Vérias hipoteses de trabalho para os resultados obtidos podem ser
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aventadas. Duas delas, todavia, merecem destaque, uma vez que podem fornecer uma explicacéo

mais abrangente para os fendmenos aqui observados.

Uma das hipdteses aqui levantadas para as alteracdes encontradas neste estudo seria do
efeito hipofagico em neonatos, causado pela administracdo de SSRI durante o aleitamento.
Assim, 0 aumento da serotonina na sinapse induzido por SSRI, intimamente relacionado a
hipofagia, poderia ter ocasionado reducé@o na ingestdo diaria do leite materno pelos filhotes.
As repercussfes da desnutricdo neonatal sobre a integridade estrutural, neuroquimica e
funcional da célula nervosa, responsavel pelas funcbes cerebrais sdo bem conhecidas
(MORGANE et al., 1993). Neste caso, a auséncia dos elementos energéticos e plasticos

fornecidos através do leite seria fator predisponente de desnutrigéo.

A segunda hipotese aqui discutida é de que a manipulacdo farmacoldgica com SSRI
durante o periodo de vulnerabilidade do encéfalo altera o efeito tréfico da serotonina em
tecidos neurais e ndo neurais, levando aos resultados observados no presente trabalho. Nesse
particular, tem sido cada vez mais salientada na literatura, a influéncia tréfica da serotonina
no periodo perinatal sobre a diferenciacdo de diversos tecidos, em vertebrados (LAUDER,
1983; 1990; MOISEIWITSCH e LAUDER, 1996). Assim, logo apds o nascimento, ratos
exibem agregacdes transitorias de axdnios serotoninérgicos, em areas do coértex
somatosensorio e do cortex visual (DORI et al., 1996). Essas agregacdes transitorias parecem
contribuir para o desenvolvimento do padréo adulto, alcancado na 3? semana de vida, dessas
regides cerebrais (DORI et al., 1996). Evidentemente, mudanc¢as no desenvolvimento
de padrdes estruturais influenciados pelo sistema serotoninérgico, podem ser compativeis
com mudancas também na velocidade do desenvolvimento e nas resultantes funcbes. A

grande maioria dos resultados do presente trabalho parece corroborar essa hipotese.

Doravante, com o intuito de uma melhor compreenséo, considerando que este estudo
se pauta nos artigos cientificos aqui apresentados, a discussao mantera uma abordagem, sob a
luz, principalmente das hipGteses testadas nesses artigos: a) Os danos causados ao
crescimento, e também os funcionais, provocados durante o tratamento neonatal com cada um
dos SSRIs, em diferentes doses; b) As repercussdes do tratamento neonatal com um dos
SSRIs, em diferentes doses, sobre o comportamento alimentar neonatal. Outrossim, as
avaliacGes sensorio-motoras e de maturacdo somatica realizada, junto as medidas do

crescimento ponderal e corporal, durante o periodo de aleitamento, fornecem neste trabalho
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um conjunto de idéias acerca de possiveis danos causados pela manipulacdo do sistema

serotoninérgico.

Diante dessa abordagem mais ampla, é pertinente agora discutir de maneira mais direta 0s
achados do presente trabalho: A administragdo cronica de inibidores seletivos da recaptacdo da
serotonina (SSRIs) durante o periodo critico de desenvolvimento do cérebro do rato, induziu
modificagbes no crescimento e no desenvolvimento. Em geral, os SSRIs utilizados citalopram,
fluoxetina e sertralina, provocaram retardos no crescimento somatico e na maturacdo de caracteres
fisicos. Além desses danos, aqueles antidepressivos provocaram atrasos na maturagéo de reflexos,
alteraram o comportamento alimentar neonatal e a interagdo mae-filhote. O tratamento com estes
farmacos resultou em alteragBes dose-dependente no crescimennto corporal, no crescimento da
cauda e do cranio. Assim a depender da dose, observou-se que o tratamento neonatal com 0s
SSRIs provoca distor¢fes na estrutura da cabeca do animal experimental na maioria dos casos.
Ademais, foram também observados retardos na maturagdo de caracteristicas fisicas constituintes
do desenvolvimento normal do arcaboucgo craniofacial; tais como: a abertura do conduto auditivo
e a irrupcdo dos dentes. Os atrasos provocados na maturacdo de reflexos podem ter estreita
relacdo com a estrutura corporal, visto que envolvem respostas tanto muscular-esqueléticas

guanto nervosas.

A sensibilidade do crescimento da cabeca de vertebrados as manipulacdes epigenéticas foi
bem demonstrada (HERRING 1993; DRESSINO e PUCCIARELLI (1997) em ratos submetidos
a outra manipulacdo durante o periodo critico de desenvolvimento, neste caso, a desnutricdo. No
caso das manipulacGes farmacoldgicas empregadas no presente estudo, a agcdo sobre mecanismos
serotoninérgicos pode ser responsavel pelos efeitos no crescimento e desenvolvimento, ja que os
SRSIs aumentam a disponibilidade da serotonina na fenda sinaptica (HYTEL, 1994). Isto
incrementaria, proximo aos tecidos em desenvolvimento, a interagdo da bioamina com seus
receptores especificos. Ha evidéncias de que os SSRIs e alguns agonistas serotoninérgicos
aumentam a liberagcdo de 5-HT ndo somente em tecidos nervosos (LAUDER et al, 1988;
LAUDER 1990; Buznikov 1990) mas também em tecidos ndo-nervosos (SHUEY et al., 1993;
LAUDER 1993). Neste particular, SHUEY et al., (1993) demonstraram alteracdes no
desenvolvimento craniofacial de embrifes, manipulando o receptor 5HT1a cOm 0 agonista
serotoninérgico especifico 8-OH-DPAT. Algumas dessas mudancas consistiram do encurtamento
das dimenstes do crénio, resultado semelhante ao observado por animais que receberam

sertralina, ou fluoxetina ou citalopram nos distintos experimentos do presente estudo.
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Portanto, € pertinente considerar o atraso no desenvolvimento de estruturas do crénio
(pavilhdo auricular e conduto auditivo) e da face (incisivos superiores e inferiores), nessa série de
estudos, analogo a reducdo no crescimento da cabeca. Ademais, a relacdo entre cada SSRI e o
tempo indica que as reducdes do ganho de peso corporal, do crescimento do corpo e da cauda
eram mais precoces quanto maior era a dose de cada droga empregada. Essas mudangas merecem
atencéo porque revelam a existéncia de mecanismos de crescimento em tecidos do corpo, que séo
dose-sensiveis aos inibidores seletivos de recaptacdo da serotonina. Portanto, durante o periodo de
aleitamento, periodo critico do desenvolvimento nervoso no rato, outros tecidos sdo também
influenciados pelos efeitos dos SSRIs, muito provavelmente no sistema de neurotransmisséo
serotoninérgica, ja presente no rato na fase pos-natal (LIDOV AND MOLLIVER, 1982). Além
disso, um papel trofico da 5-HT na formac&o da estrutura craniofacial, incluindo a maturacéo do
germe dos dentes, também ja foi descrita (MOISEIWITCH AND LAUDER 1996). O atraso da
irrupcéo dos dentes nos grupos tratados com os SSRIs aqui utilizados, corroboram estes estudos.

A serotonina possui agdo trofica na diferenciacéo de varios tecidos durante os periodos pré
e pos-natal (LAUDER 1993; MOISEIWITSH e LAUDER, 1996) por agir como um fator
neurotréfico (YAN et al., 1997). Alguns estudos com culturas de embrides de camundongos
tratados com serotonina sugerem um desenvolvimento aumentado das células serotoninérgicas no
tecido nervoso, bem como células da proeminéncia nasal, do epitélio que recobre o olho, da
vesicula otica e da cavidade oral (LAUDER et al, 1988; LIDOV e MOLLIVER 1982). Esses
achados indicam que essa amina desempenha um papel no controle das interacfes mesénquima-
epitélio durante a morfogénese craniofacial (HALL 1981; SHUEY et al 1993). O tratamento
serotoninérgico também causou malformacBes em estruturas nervosas e 6sseas de embribes de
camundongos (LAUDER e KREBS 1993). Muitos desses eventos comegam na 22 semana de vida
e 0s primeiros neurdnios sertoninérgicos aparecem entre 0 12° e 0 14° dias de gestacdo (LIDOV e
MOLLIVER 1982). Assim, durante o aleitamento, o tecido pode ser capaz de responder aos
SSRls.

Alteracbes no aparecimento dos reflexos indicam uma correlagdo entre
desenvolvimento bioquimico e estrutural e ontogénese do sistema nervoso. Ratos desnutridos
apresentaram retardo no desenvolvimento dos reflexos, como preensdo palmar; resposta ao
susto e endireitamento e aversdo ao precipicio. Curiosamente, a desnutricdo protéica precoce
é uma condicdo que aumenta os niveis de 5-HT no cérebro (RESNIK e MORGANE 1984). A
administracdo pés-natal de 5,7 -DHT (KOSTOWSKY e KRZASCIKI, 2003), levou a niveis
reduzidos de 5-HT e 5HIAA, indicando atividade da 5-HT nessa fase precoce da vida. No
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presente estudo, além dos prejuizos nos parametros de crescimento, o possivel aumento no
nivel de serotonina induzido pelos SSRIs provocou atraso nos reflexos.

Por outro lado, é sabido que o sistema serotoninérgico tem um importante papel na
regulacdo do apetite e que drogas que aumentam a concentracdo extracelular de 5-HT, a
exemplo dos SSRIs, sdo agentes anoréxicos efetivos e provocam perda de peso em ratos
adultos (HALFORD e BLUNDEL, 1996). Assim, a reducdo persistente no ganho de peso
observada neste trabalho, em todas as doses de cada SSRI utilizado, parece indicar que
alteracbes persistentes no sistema serotoninérgico induziram tal dano. Em nossos
experimentos, merece atencdo o fato de que mudancas no aparecimento de alguns reflexos
nem sempre aconteceram ao mesmo tempo das mudangas nas medidas corporais. 1sso sugere
uma influéncia distinta e especifica da 5-HT em cada um dos processos de desenvolvimento
dos tecidos.

Uma das hipdteses levantadas em perspectivas de trabalhos anteriores realizados em nosso
laboratdrio, seria aquela do possivel efeito hipofagico de SSRIs no periodo pds - natal, o que
também originou um dos artigos aqui apresentados, tendo como premissa estudar, utilizando um
dos SSRIs — em diferentes doses, o efeito sobre 0 comportamento alimentar neonatal através de
pardmetros utilizados em outros estudos (RIUL et al., 1999). Observou-se, portanto no presente
estudo que o tratamento neonatal com o SSRI retardou o ganho de peso. Além disso, o tratamento
com o SSRI provocou redugdo na ingestao alimentar em todas as doses utilizadas na maioria dos
dias estudados. A maior dose do SSRI aqui utilizada, foi considerada como moderadamente
anoréxica por CLIFTON et al., (1989).

Entre os comportamentos aqui estudados, o SSRI provocou aumento na frequéncia da
interacdo mée-filhotes e na freqiiéncia do comportamento de limpeza materno. O aumento da
freqiiéncia na interacdo entre a mae e sua prole observada no presente estudo, caracteriza maior
interacdo mae-filho, para realizacdo de outros comportamentos subjacentes, 0 que neste caso,
parece ter sofrido a influéncia do tratamento nos filhotes que se mantinham mais vezes préximos
de suas maes. Ademais, ratos neonatos sdo inabeis para manter a temperatura corporal. A resposta
vascular para o aquecimento do corpo do animal se torna efetiva apds 12 dias e, s6 apds o 21° dia
do nascimento o rato adquire a capacidade de manter a temperatura corporal estavel (COUKLIN e
HEGGENESS, 1971). Assim, é possivel que o aumento da freqiéncia da interacdo mae-filho,
aqui observada, seja visto como acréscimo de cuidados maternos para a manutencdo da
temperatura dos filhotes, visto que, o tratamento com o SSRI ndo alterou a duracdo nem a

freqiiéncia para o aleitamento.
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Em adicdo, é interessante a observagdo, da relagdo entre a interacdo méae-filho com a
duragdo e a freqiiéncia da sucgdo. Esta Gltima, sofreu influéncia do tempo independente do
tratamento. A primeira semana de vida foi marcante na expressdo da duracdo desse
comportamento, enquanto a frequiéncia aumentou na segunda semana de vida, quando os filhotes
comegam interagir com sua mde de forma autdnoma e independente desta. Assim, estaria
justificada a influéncia da idade, observada no presente estudo. Dessa forma, durante a
amamentacdo a mae usufrui desta interacdo com a sua prole de forma simultanea (lambendo-os,
carregando-0s para junto de si e até limpando-se), 0 que ndo ocorre com outros comportamentos
que dependem geralmente do seu afastamento dos filhotes. O comportamento de limpeza teve a
freqUiéncia aumentada nas ninhadas tratadas com o SSRI, observando-se também a influéncia da
idade, que se apresentou de maneira mais freqliente nas duas primeiras semanas de vida.

A sincronia comportamental entre mée e filho, durante o periodo de amamentacéo, requer
adaptacdo materna continua ao desenvolvimento das crias (CRNIC, 1980). Em ratos, varios
ajustes comportamentais maternos exercem importante papel na determinacéo da disponibilidade
de energia para a prole (CRNIC, 1980). Estudos tém demonstrado que a interacdo entre mée e
filho, a quantidade/qualidade dos cuidados maternos e a interacdo entre irmaos, durante o periodo
critico do desenvolvimento, parecem interferir na ontogénese do SNC (LAVIOLA e
TERRANOVA, 1998). As primeiras horas da interagdo mée-filho s&o consideradas cruciais para
0 desenvolvimento comportamental (GALLER e PROPERT, 1982).

As mudancas observadas nos resultados aqui apresentados podem indicar a participacao
da 5-HT na maturacdo de comportamentos no inicio da vida pos-natal. Desde a fase pré-natal a
serotonina estaria presente em estagios do desenvolvimento, participando de processos precoces
do controle celular envolvidos no desenvolvimento e agindo como fator de crescimento neuronal
(BUZNIKOV 1984; LAUDER 1988; WHITAKER-AZMITIA 1987). Altas densidades de
receptores 5-HT sdo encontradas no tronco cerebral e cérebro anterior no periodo pds-natal
(WHITAKER -AZMITIA et al., 1987).

Por outro lado, a alimentacdo fornece energia e nutrientes necessarios a maturacdo e
desenvolvimento funcional do SN (MORGANE et al., 1993). A deficiéncia nutricional é capaz de
alterar os eventos morfogenéticos com consequéncias, deletérias para o desenvolvimento e
aquisicdo de padrdes fisiologicos maduros (DOBBING 1964; WINICK e NOBEL, 1966;
NOBACK e EISENMAN, 1981). Neonatos submetidos a desnutricdo protéica apresentam
desorganizacdo de centros hipotalamicos reguladores do peso corporal e do metabolismo
(Plagemann, 2000). Estudo sugere que deficiéncias de nutrientes durante a vida precoce

influenciam a neurotransmissdo e, em consequéncia, poderiam afetar a expressao comportamental
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(WAUBEN e WAINWRIGHT, 1999). Alteracbes na interacdo mée-filno a exemplo daquelas
decorrentes da desnutricdo podem acarretar retardo no desenvolvimento e elevada dependéncia do
filhote em relacdo a mée (RIUL et al., 1999). Ademais, os comportamentos sdo disparados e
guiados por eventos neurais, porém cada ato comportamental envolve uma resposta que é
traduzida nos sistemas fisioldgicos periféricos, na atividade neuroquimica do cérebro
(BLUNDELL, 1993).

Observe-se neste estudo a significante reducéo do peso corporal dos filhotes tratados com
0 SSRI. Além da perda de peso, a ingestdo dos filhotes mostrou-se reduzida em todas as doses
utilizadas sendo influenciada pelo tempo (dias de vida dos animais) e pela interacdo entre estes
dois fatores. Assim parece ficar claro o efeito anoréxico provocado pela fluoxetina no presente
estudo, independente de mudangas em outros comportamentos. Efeito anorético dramatico e perda
de peso ap6s tratamento com fluoxetina foi observado por Kalia et al., (2000). Estudo de
Simansky e Vaidya (1990) mostrou que sertralina, outro SSRI, reduziu o consumo de leite, apds
privacdo alimentar em ratos adultos, através de mudancas de mecanismos comportamentais. A
perda expressiva de peso dos animais tratados com 0 SSRI na dose mais alta neste estudo pode ser
explicada por esse caminho, provocando possivel desnutri¢do nos filhotes. A permanéncia junto a
mae pode ndo ser condicdo exclusiva para amamentacdo, desde que o neonato é dependente de
sua mde para manutencdo da temperatura entre outras fungdes fisiologicas (FRIEDMAN, 1975.
Fato interessante foi 0 aumento de peso observado na dose menor. Tratamento crénico com
SSRIs, pode provocar desenssibilizacdo de receptores provocando hiperfagia e aumento de peso
(GARDIER et al., 1996; HAMON e GOZLAN 1993)

Em conclusdo, nossos resultados respondem a relevantes indagacdes cientificas,
provocando outras novas, acerca do possivel papel da serotonina, durante o periodo de
aleitamento, no desenvolvimento corporal (através dos retardos nas medidas do peso, do
crescimento e dos eixos craniais e da maturacdo de caracteristicas fisicas); no
desenvolvimento neural (através dos atrasos na ontogenia de reflexos) provocados pela
administracdo dos trés SSRIs utilizados; a administragdo de um desses, causou aumento nas
frequiéncias da interacdo mée-filho e do comportamento de limpeza materno, que por sua vez,
envolve outros sub-comportamentos, bem como, provoca redugéo no ganho de peso corporal
e na ingestdo do filhote até em doses consideradas como baixas e moderadamente anoréxicas.

Estes achados suportam a hipdtese de que os mecanismos do crescimento e do
desenvolvimento em ratos neonatos sdo altamente suscetiveis a manipulacdo do sistema

serotoninérgico. Ademais, na fase pds-natal, a serotonina teria papel modulador
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comportamental e na ontogénese de tecidos neurais e ndo neurais
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7 CONCLUSAO E PERSPECTIVAS
CONCLUSAO
Numa visdo geral, os resultados apresentados neste trabalho, conduzem as seguintes
conclusdes:
1- Tratamento neonatal com inibidor seletivo da recaptacdo da serotonina (SSRI)-

citalopram- retarda o crescimento ponderal, o crescimento dos eixos do cranio a
maturacao de caracteristicas fisicas e a ontogenia de reflexos em ratos.

A administracao cronica de fluoxetina um SSRI atasa o crescimento corporal e altera a
estrutura craniofacial de ratos neonatos além de retardar a maturacéo de reflexos.

O tratamento com SSRI- sertralina provoca retardos tanto no ganho ponderal como no
crescimento corporal, além de modificar o crescimento da estrutura craniofacial de
animais neonatos.

Ratos neonatos submetidos ao tratamento com fluoxetina apresentam mudancas na
frequiéncia de parametros do comportamento e da ingestao alimentar neonatal.

Ademais as conclusbes apresentadas neste estudo, visam contribuir com 0s
profissionais que prescrevem esses farmacos na rotina clinica do tratamento da
depressao, na fase da vida em que o encéfalo € mais vulneravel a agressdes.

PERSPECTIVAS

Diante dos resultados obtidos no presente trabalho, é possivel delinear as seguintes
perspectivas:

Estudar a composicdo de tecidos corporais muscular, 6sseo e adiposo de animais
tratados com SSRIs durante o periodo de aleitamento, em diferentes idades, durante e
apos cessado o tratamento.

Investigar através de raio “X” e outros recursos de imagens, possiveis alteracdes no
tecido 0sseo e outros tecidos do arcabougo craniofacial de animais neonatos tratados
com SSRiIs.

Estudar em animais neonatos e adultos, repercussfes do tratamento com SSRIs em
determinadas regides do encéfalo, em particular aquelas onde o sistema
serotoninergico tem funcéo destacada e, relacionada ao comportamento alimentar.

Investigar o efeito do tratamento com SSRIs durante a pré-pubescéncia e adolescéncia,
bem como repercussbes na idade idade adulta, em animais fémeas normais e
geneticamente obesas.
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6. Estudar possiveis mudancas na morfologia e morfometria de 6rgdos de animais
tratados com SSRIs no periodo tanto pré como pos —nhatal.

7. Utilizando técnicas mais avangadas, investigar a participacdo de receptores
serotoninérgicos no crescimento de tecidos neurais e ndo neurais, em animais tratados
com SSRIs durante o periodo de aleitamento.
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APENDICE A - Neonatal administration of citalopram delays somatic maturation in rats
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Abstract

We mvestigated the somatic maturaton of neonate rigs treated dunisg
the suckling period with cltalopeam, a selective sevotonin respeake
Inhibitor. Groups with 6 mule neosates were nusdomly assygeed 1o
diffevens rreatmenss 24 b after bich. Each bty wiss suckled by one of
the dames untl the 21 st postnatal day. Body weight, head axs and il
leagih were measwed dadly from the [st 10 the 21t postsssal day.
Time of carunfoldeg, auditory condult opesiag, inclsor eruption, wsd
eye opeslag wis deternmancd. Pups received $ mg (CitS), 10 mg
(Cit10) or 20 mg/kg (Cu20) chigdopram sc, or salsme (0.9% NaCl, wiv,
1) Comparad to salase, body welght was lower (24.04%, P<(1.01) for
Curl0 from the 100 50 dhe 2152 day and for Q20 from the 6th 10 the
215t day (38.19%, P < 0011 Tadl lengeh was reduced (o the Cu20
group (15, 45%, P «<0.001) from the $th w the 21st day. A redaction i
modioliterad head axis (10.53%, P < 0.05) wis observed fromthe 1lth
10 the 21st day in Cx10 sad from the Gth 10 e 215t duy ia Cie20
(13.16%, P <0.001). A redoction & anteropostenion head 2xis wis dso
observed la the Co20 group (5 28%, P«<0.05) from the 1 5th tothe 21st
day. Comversely, this axis showed accelennzsd growd from the 1 2th o
the 2istday o e CleS group (13.05%, P < 0051 Asditery conduit
opening was delayed in the CnS and Cu20 groups and inceor ereption
was delayed in all cinslopeam groups. These findings show that
caalopram injected during suckling 10 nss indoces body akerations
sad suggest thae ®e activity of the serotoninesgic system parncipaes
in growth mechanisms.
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Introduction

Selective serotonmin reuptake mhibitors
(SSRI) such as citalopram have been used to
induce increased scrotoninergic activity i
the brain (1.2). Experimental evidence indie
cates that serotonin can influence embryo-

genesis and growth (3,4) presumably by acts
ing as a developmental signal (5) or as a
necurotrophic factor as well (6). Furthermore,
serotonin seems to play a role in regulating
the development of the mammalian beain
through its action on the production of self

serotoain neurons (4,7.8) and on target tise
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sues innervabad by seroloninergic neurons
(%=11} Pharmacologscal or nulntional ma-
mipulations during pregnancy or Lhe see kg
period can imduee drasie morphological and
[unctsonal changes i the growth and devel-
opmeenl ol the nervous gystenm | 12- 16 Seve.
eril studdees have shown thal treatment with
SERI reduwoes food intake and body weighl in
rats (17,18 A hypophagee ellect was ob-
werved following Muoxetine adminisiratson
(190 As a consequence, the possibility ex-
1515 Chal the use of seroloninergec agenls in
the early phase of life coukl inflwence other
specilic maluralion processes i the body.
Therelore, it is desirable o inveshigale the
possible elfects of manipulation of the sen-
Lominergee system early in lifie.

The obgective ol the present study was e
Le=t thee bypothesis that the slminisiration ol
cilalopram - a haghly 55Kl (201 - o rals
iduring the suckling persd induces changes
i somes developrment and in body growth.

Material and Methods
Andimials

Latters abtasmed from dams meated to mabe
Wistar rats from the colony of the Mutrilson
Department,, Federal Umversily ol Pername-
buce, Becile, PE, Brazl, were used m the
present cludy. During gestabion and until the
end of the expennment, the animals were
housed in polyvethylene cages. Male pups
fram different mothers (N = 1B) were ran-
domly divided inlo groups of & neonabes 24
h alter burth. Each pup was marked wath
methyl violel solubon on the skin for ident-
lcanon dunng the expenment. Each Inter
was suckled by one ol the dams until the 2151
posinatal day (birth day was considered 10 be
zero by ). The animals wene mamiained al a
PEsKIT lﬂnpﬂall.u'r:ul'.!} + %7, ana 12012-h
hight=dark eyele (lghts Erorm 6o am b ok
) with U access bo ratson (Labins-Purins,
530 Lourengo da Mata, PE, Branl) and wa-
L,
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Citalopram

The expeniment was performed blmd
prevent sdentification of the experimental
groups. The animals of the differen growps
wene evaluated simultansously. For the ex-
perimental treatment, four groups (N = 27
each) ol suckhng rals were distnbubed as
Tollows: three groups recerved atalopram:
group CoS (5 mefke, sc), groop Culde { 10
mgfkg, eo), amd group Cu20 {20 mefke, sc),
and a contmd group recerved an eguovalemt
willume ol saline (L9% MNall, wiv) sc. Duar-
ing Che expenment, one neonale ral m lhe
CH2) group and one in the CiS group deed.
Therelone, 106 rats were evalaated. The tme
of physscal fealure maluration and somatic
groveeth was recorded. Crlalopram (H. Lund-
beck ASfS, Copenhagen-Valby, Denmark),
wak dmsolved in saline and 1 mdf 100 g body
weizhl was mjected 5. The reatmenl was
applied daily From the 15010 the 2150 posinag-
Lal day {sockling perod) at 0:30=1:30 pm.

Phiysical feature maturation

The lollowing physical [ealures were
ohserved: unfolding of the external pinnae
ol bath ears b the fully ersct position; inter-
nal awdstory condut opening ol both ears;
incisr eruplion, e, the [ra visable and
palpable crest ol Jower mcisors, amd @ve
opening, Le., when any visible break in the
covering membrane of bath eves was de-
tecled. The leatlures were evalualed dasly
between 10:00 and 12:000 am by the method
of Sman and Dobbing (21 during the suck-
ling period unil maturanon ol the vanable.
The maturation age of a pariscular featune
wak defined a% the day it was [irst observed,

Somatic growth

Sommlie growlh was asessed inlerms ol
body weight, =l length, and mediolateral
and] anteropostersor bead axis measurements
made from the 150w 2150 posmatal day
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between 1:00 and 2:00 pm as fallows: body
welghl was measured with a FANEM scale
{5d0 Paulo, SP. Brazly with 100 mg prece
spom. Tanl bength (| distance From tal tip o il
base), length of the mediolateral skull axis
{ifistance between the ear boles), and length
of the anteropostersor axe of the head (dis-
Lance between snoul and head-neck armicula-
Isom ) wene mesasured with a Starrel caliper
with (L5 mm precision.

Statistical analysis

Staistical analysis was performed after
preliminary westing W identily normaliny of
distnbution and homegeneily of varsance
among lhe groups. Two-way ANOYA for
repeabed measures {from the 151w the Z1s
day for body weight, head axis and Gl length)
followed by the post hoc Tukey est werne
used b compane growlh indscators between
each cilalopram group and the saline con-
trol. Kruskal-Wallis analysis of varzance fol-
loweed by the Dunn best was used 1o compane
phiysical featares between each citalopram
group and the saline control. The Jevel of
sngnalicance was el al < 0.05.

The experimental prowcol of the sy
was approved by the Ethses Commiltee for
Amnmal Expenmentabion ol the Federal Linge-
versaly ol Pemambuco, and was consislent
with the National Instiute of Health Guide
for Cane and Uses of Laboratory Andmals
{Publication MNo. 85=23, revised, 1985).

Results

AMNOV A identilied main ellects of time
and reatment m addiion o mieraction be-
Twvisen e Lactors regamding somalic growith.
For boddy weight, statistical analyss showed
an effect of calopram (Fy g, = 52.9, F <
(0T, and day of lile (Fy gy = 2346, P <
(RINIL ) as well a5 a cilalopram versus day ol
Iate mteracison (Fap gy = 695, P < 00001 L
Basly wenght gamn (Figure 1A} was reduced
from the 10th 1o the 2180 day {24.04%, F <
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(R ) i Can10 aned from thee Gth o the 21k
day (38, 19%, F < 001 in Cr20 when come=
pared o saline. Thas kvwver weight gaon was
mire marked i the Co20 than in the Cal0
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Figura 1. Elecr of ciielopram on suckBng ran waight and 1al kengihe 4, Body waight Trom
e 180w tha Flisr day of ife of sucking rais reaied with solitons O miMi00 § body
i, se) of ciislogram: 5 mg (TS, N o= 28], 10mg ICild, N = 37} and 20 mgig {020, N
= 261 or seling (Sal, W ow ITL Compansons wan mats Dy tevi-svay AN O dof repasted
reasunas: cilaogram Py o = 525, F < 000}, day of 5 (Fag oo = 334006, F < 0.001),
and cilalopram varsus day of §la interaction (Fegsmp = B35, F = 0U001] follovead By posr
e i hipla covmgarmong (Tukey tas) Debween aech calspram doss and saling: *F <
0L0D1. Eezh poiniL raffasanis thi masn valuis scoonding oo the dosa. Thi aierisks indcae
Tha Binginesing of significant diffanancss (P < O0T) thel paisisied thiough The and of tha
wapeatimani. S, Tl lengih. Covpaieond wene mads By Ted-vaay ANDOYA Tor repasted
maadunas: ciladogram [Py oz = 137, P < 000}, Sy of B (Fagsoe = Z158.0, F < 0,001,
and cialopran varsu day of Bla inefacton (Fegsme = 187, P < DU00] follosed By paEr
e prihipla covmgsanson (Tebey tesl bateaan aach cialopram dike and salina: aach
POV PEpiEsE S T eEn values acodnding Do the dosa. The astedsk indoamms the
Baginning of significan dittenances P < 00 1) which porsisned 10 1he e of he @xpaiimant
acording 1o the dosa.
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group. The Cits group did not differ from
salne (Figure LA

For tail length (Figure 1B), stanshcal
analysis showed a main effect of crlalopram
(Fypge = 13.7, P < 0.001) and day of lle
(Fapagee = 31980, P < (00O ) dn sddinsen i

10

"2 34 56 TE 21011 12 1314 15 16 17 18 13 30 21
g iyl

Diatance batwmn syt and haadnack 0
ot bl v o e

12 34 568 7 8 3101121311518 17181520 20
Mige feays)

Figura 2. EMar of citalopromn on sucking ral medeslamenal skoll aes length and dstancs
Bty SNl and Readnoeck anicdabon. A, Medelaoeral Skul e frem tha 157 10 215
day o lide ol suchling rars woared with sehutions |1 m00 g Dedy saight, sof of cilalogeam:
S g JCItS, M o= 28], 10 myg (000, N w 270 and 20 mgfeg (O, N = 36 or saling Sal, N =
27, Comvganteand wart mada by Te-way ANOWA b rephaled Mot fod cildoiranm
Famm = 238, P < 0,001 | and day of §fa Fon e = 16220, F o (001) and citabogram
wiltes dary of Bla imareion (Fansoss = 15.3, P < D.000] tolkvwed by posr hoe ik

i [Tshoasy nicit] s aaich citak diosea and sakng. The asreisks mdcars
his Bginning of sgnitisam d ianened i the Citl0 group (P < (L0S] and GEX0 groug §F <
OLOO) That plarssaed Do i dnd of e i B, O& b St and Pl
reck amiculation. Companssns were mado By bt ANOVA o iepoaaied reasunes:
cialpdan Faioe = 150, P < Q001), day of lifa Faome = 27706, P < 0.000), and
cialtpran vars day of o isteraction Fop gy = 14.7, F o 0.001) follovwid by post oo
mrectigha corrganson Tuksy mst B aach cital ot arad Saling. Tha asterisks
indicats the begnning of significen ditfenanes for Ci20 IF < 0000) and CnS P < 0U05) tha
paratitad 1o the and of e axpaiirent
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an inberaction between ctalopram and day
ol Tafe (Fop a0ag = 1.7, P DO ). A reducid
growth of tadl length was observed in the
Cu20 growp from the Sth w the 2150 day
(15.45%, P < (U ) however, the Ci Ll and
Cus groups dad not differ from the saline
womitral.

ANOVA showed an effect of citalopram
(Frm = 238 P < 0u000) and day of life
[Fm“= 16221, P < 0,001 ), as well 3% an
imberaction between cilalopram and day all
life (Feoma = 153, P < 0.001) on the
medicdateral bead axis, A reduction n
midigdateral bead axis growth was observed
from the 11th o the 211 day in the Cinl
group (0535, P < 0.05), and from the Gth
Loy e 21snday i the Ci20 group (13.16%, FF
< (W) compared Lo the saline control.
Muoreover, the reduced growth of this axis
was more marked for the 20 mg dose than for
the 100 mg dose (Frigure ZAJ

There was aleo a signilicant change in
growth of the anleroposterior head axis
length. There were effects of citalopram
(Fyum = 15.1, F < 0,001, day of life (Fa 340
= ITHG, P < (MIO1) and inleraction be-
tween citalopram and day of life (Fug a0 =
147, P < DU ) Inc the Cu group a redscs
Ghiom il thas axis oecurred from the 13th o the
2ls day (528%, P < (0], whereas 1he
grovath was aceelerated from the 12h wibe
21st day m the CoS group (13.05%, P <
(05} There was oo dilference Tor the Citl0
group (Figure 2B ).

Phiysical features

For physscal feaure mamration | Table
11, Kruskal-Wallis analysis mnlacated sig-
nifscant changes in suditory condus openmg
(H = 1059, P <005 ) and sncasor eruption (H
= 1933, F <01} in the cllalopram groups.
Multiple comparisons of these [eatures
among nealmen groups {Dunn lesn) showed
that auditory conduit opening was delayed in
the Cius (P < 005} and Cu2l groups (P <
LO5) Incisor eruplson was delayed in the
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Cus (P <005 ), Cal 0P < 0.00 y and Ci200(F
< (L5 groups. 11 is noteworthy that a wide
variation {11-1% days Tor auditory conduit
opening and 10-17 days Ffor incisor eruplion)
was observed in the CH20 growp bul nol 1n
groups receiving e hvwest citabopram doses
or saline. Bor eye opendng and ear unfolding
then: was no sagnificant dalference.

Discussion

The present resulits show thal chronsc
aldministration ol citalopram during the crite-
cal neonatal period of rat bran development
induces changes in growth. In general the
drug impaired somae growth and physscal
body maturation. As observed lor body
weight, increasing doses of cilalopram re-
sulled in eguivalent growth alteration of Ll
and hexd. Regardmg cramolacial develop-
mend, the heads ol the anmals became oager
with the lowest citalopram dise, narrower
with the meddle dose and bolh shorter and
narmwer with the highest dose. Thensfore,
the head sulfered a shape distortion during
development thal was dependent on ihe dose
of citalopram. The sensativity of vertebrate
head growth o epgeneic manpalstyons has
been well demonstrated (22,23). Changes in
the craniodacial skeleton of developing rats
submitted b a low protean diet were shown
by Miller and German (24) Some of thewe

changes consisted of shonenmg of skull di-
mensions, 3 resull simalar o thal expen-
enced by the ammmals receiving 20 mg
citalopram in the present sy, It is nole-
worthy thal early profein malnuintion such
o sludsed by Miller and German (24) s
known Lo increase brain serodonim (5-HT)
levels (13). Thenefore, il is appropreate W
consider the delayed development of the
struciures inside the skull (zuditory conduath
and face (kower incisors) observed in the
present study, becanse the delays maght be
msocialed with redoced head growth. Fur-
thermore, the inleracbon between cilalopram
and time indscates that the highest cftabipram
dose caused not only a reduction of body
wzight gain and of 1ail growth, but also that
these reductions m rls receiving 20 mg
began earver than in animals receiving Che
o Jowwesd doses. These changes are impaor-
lanl becase they mdicate the existence of
growth mechamsms in body ssves whech
are srnsilivee b Ehe dose ol cilabopram. Since
this drug incresses serslomn release (20) we
sugeest thal seroloninergic mechansms may
be respansible for the effects of cialopram.

In adifiton, there 15 evidence thal 55K1
and some serolompergic agomsis also mne
crease 5-HT relese nol only in newromnal
Nrssmes { 10,11, 25) bat also 1n non=-mewronal
tissues {26, 27T Interestingly, serolonin has a
trophie action on the differentiation of sev-

Takda 1. Manuration §n daysh of tha glesical f hlireg rats d with itk Tream tha 151 1
tha 2151 day of e
Fhiyaizal feaiures Saling N = 27 Cinalogeanm {mgrogl

5 4w 26| 10N =271 20 = 36
Eaf uftalding TN 3.0 (28 LT FR S A 02E)
Audfiony Condull opsning 120011-14 1201 2145% 12512141 13001818
Eruptian of Tha Il mcsors 12,0 (813 120 12147 120 111454 1200101 7"
Eyiic s i 14011215} 1401215 140 12-144 Had2n
Kngkawals aalests of wari fall

B PP i eman S e | Danan thiasash
*F = 0.05 comngsaned 1o conaml

d by thia Dunn s wore used o eorrpan phresicl S
Dbrtevenan @ach chalopram docs and tha saling comtml grows. A signili eh in sadinary conduit i
H = 1055, P e 005 and incisor auition (4 = 1933, P < 001) veas ol

=

A i thas Eitake wougs. Data
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perials (I7.28) by sfing o & neuoleophic
(wtor (6], Some shalics on mouss cmbrys
culiures braiod wilh sceolonn supgss] an
impeerved developmient of seroliminergic ool b
in e nervinis lissie sl of ol ol e roesl
oo, cpthclion covering the oyve.
oplic wmick, snd ol vty {10933
These Dinlmpgs indicale thal seeolian plays
apale in the tenieal of the epithelial-meen-
chymal micractaee: dorny cea sl mis-
pheogem=is (M) Sendonisrrx beslmenl
ks canssesd malsrrratesn of btk serve and
leree sbruclures of s enbeyes | 1L Scv-
cral ol those cvents begm inilhe scoond week
o lile el the il sensliminenge neenem
apper as carky woon ke | b e Hith day
ol peslabion {19, Thercfoes, dunngpaucking
b tmsee may be able ko eespom] o e
challeage wilh cubopram. Momosver, =
bophs: ke of 5-HT in the formaliom of
craminizcial sinecleres, mclahag the moiu-
ralion of the etk germ, his been repeeied
{ZEL

Chur fimlmgs support the dals m the li-
eralure bromse the delayed kb cruplion
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ohserved m the cilsloprem gnups. Hows-
ever, b partaapalion of cltsbepean m L
malurslion peocess appoan b be complea
unce the highesl divee mduoss s waler vamis-
tion af the physical [cslee en the vl
divecs. Un the olber hand, the possability
eamils Theal the cfTects observed m Lhe ey peri-
menl may be ndiccd by the action of 3-HT
an smwoclic mec lemismms anad sl by adirect
slm ol 5-HT im o, In [zl 1L has e
well dicunenlol thal bypophars imluoed
by citalopram eoduces bidy wcighl in sl
waks 1T, 34 snedl benly weaghil gain m yomng
vali {1&h Theecliore, m the prescnl expen-
mrnl we o bl mol e ol el The by pupha-
mia induced by clalepeam snd Lhe roueliing
rslninisn wore capsh kol cannp growih
disrmdersin smirmuks Ll peccivad ciladopram.
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