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RESUMO

A nutricdo exerce influéncia na manutencgéo de uma gestacao saudavel, transportando nutrientes
essenciais para o desenvolvimento fetal e pds-natal e, a longo prazo, tem implicacdes no
comportamento da prole e no risco de futuras doencgas metabolicas. Abacate (Persea americana
Mill.) é uma fonte oleaginosa de acidos graxos com altos niveis de fitocomplexos que apresenta
varios efeitos metabolicos e funcdo de neuroprotecdo. O objetivo deste trabalho foi avaliar os
efeitos da suplementacdo materna com 6leo e polpa de abacate durante a gestacdo e lactacdo
sobre o desenvolvimento fisico e comportamental da prole e parametros bioquimicos e
peroxidacgdo lipidica hepéatica nas mées. As maes foram divididas de forma randomizada em
trés grupos (n = 8 mées/grupo), de acordo com a suplementacdo por gavagem, durante a
gestacdo e lactagdo: Controle (GC) — agua destilada; Oleo de Abacate (OA) — 3000 mg de dleo
de abacate/kg de peso do animal e Polpa de Abacate (PA) — 3000 mg de polpa de abacate/kg de
peso do animal. Ao nascimento, a prole (n = 15 filhotes/grupo) foi padronizada em ninhadas de
6 (seis) filhotes machos e apos o desmame receberam ad libtum a mesma racao padrao ofertada
para as maes. Ao final da lactacdo foram analisadas nas maes, o consumo alimentar, peso
corporal, comprimento, indice de massa corporal, circunferéncia abdominal e toracica, peso dos
orgdos e do tecido adiposo, percentual lipidico do figado e do leite materno, perfil bioquimico
(Glicemia, Colesterol total, TGC, HDL, LDL, ALT, AST) e o MDA hepatico. Na prole, analise
do desenvolvimento somatico e ontogenia reflexa pos-natal (TO a T21), Teste de Habituacdo
no Campo Aberto e Teste de Reconhecimento de Objetos (TRO) foram avaliados nas fases
adolescente (T45) e adulta (T90). O contetdo de acidos graxos cerebral em TO, T21, T45e T90
foi avaliado. Os resultados foram considerados significantes quando p<0,05. As lactantes OA
e PA apresentaram reducdo do consumo alimentar sem alteracdo no peso corporal, nos
parametros murinométricos e no peso dos 6rgaos (p>0,05) A gordura retroperitoneal diminuiu
no grupo de médes OA e PA em comparacao a GC, porém, PA apresentou reducdo em relacdo a
OA (p<0,05). A suplementacéo de polpa o éleo promoveram uma reducdo na glicemia, TGC,
LDL, AST e ALT (p<0,05). O HDL aumentou e o indice aterogénico (I1A) reduziu, nas lactantes
OA e PA (p<0,05). Houve reducdao do MDA hepatico (OA e PA) (p<0,05). Na prole foi
constatada aceleracdo da maturacéo reflexa e da ontogenia reflexa em OA e PA, especialmente
no grupo polpa (p<0,05). Todos os grupos apresentaram diminuicdo do parametro de
ambulacéo na segunda exposi¢do ao campo aberto, em T45 e T90 (p<0,05). No TRO, OA e PA
apresentaram melhora da meméria em curto e longo prazo, nas fases adulta e adolescente
(p<0,05). O resultado do perfil de cidos graxos do cérebro apresentou maior contetdo de AGPI
nos grupos AO e PA em T21, T45 e T90. Nas mées, a suplementacdo com abacate maximizou
os ajustes lipidicos da lactacdo, com resultados positivos para a manutencao da satde. Na prole,
a suplementacdo materna com 0leo e polpa de abacate antecipou a maturacdo reflexa e o
desenvolvimento somatico pos natal e melhorou a memoria nas fases adolescente e adulta.
Assim, recomenda-se a ingestdo dietética dessa fonte lipidica durante a gestacdo e a lactacéo.

Palavras-chave: abacate; 4&cidos graxos; lactante; indice aterogénico; prole;
neurodesenvolvimento.



ABCTRACT

Nutrition exerts influence in the maintenance of a healthy pregnancy, transporting of essential
nutrientes to the fetal and postnatal development and in long term, has implications in the
behaviour of the offspring and risk of future metabolic diseases. Avocado (Persea
americana Mill.) is an oleaginous fruit source of fatty acids with high phyto-complex
concentrations that exhibit various metabolic effects and neuroprotection functions. The
objective of this work was to evaluate the effects of maternal supplementation with avocado oil
and pulp (during gestation and lactation) on the physical and behavioral development of
offspring and biochemical parameters, and hepatic lipid peroxidation in dams. The dams were
randomly divided into three groups (n = 8 dams/group), according to gavage supplementation
during gestation and lactation: Control (GC) - distilled water; Avocado oil (AO) - 3000 mg
avocado oil/kg animal weight, and Avocado pulp (AP) - 3000 mg avocado pulp/kg animal
weight. At birth, the offspring (n = 15 pups/group) were standardized in litters of 6 (six) male
offspring and after weaning received ad libitum the same standard feed offered to the dams. At
the end of lactation, were analyzed in dams, food intake, body weight, length, body mass index,
abdominal and thoracic circumference, organ and adipose tissue weight, lipid percentage of the
liver and breast milk, the biochemical profile (Glycemia, Total cholesterol, TGC, HDL, LDL,
ALT, AST) and hepatic MDA. In the offspring, analysis of somatic development, and postnatal
reflex ontogeny (TO to T21), and Open Field Habituation Tests, with Object Recognition
Testing (ORT) were performed for the adolescent (T45) and adult (T90) phases. The content of
brain fatty acids at TO, T21, T45 and T90 was also evaluated. The results were analyzed and
were considered significant at p <0.05. AO and AP dams presented reductions in food intake
with no change in murine parameters, body weight, or organ weight (p <0.05). Retroperitoneal
fat decreased in the AO and AP dams group in comparison to the CG group, but the AP had a
reduction in relation to the AO (p <0.05). Pulp or oil supplementation promoted a reduction in
glycemia, TGC, LDL, AST and ALT (p <0.05). HDL increased and the atherogenic index (Al)
decreased in the AO and AP dams (p <0.05). There was a reduction in hepatic MDA (AO and
AP) (p <0.05). In the offspring, acceleration of reflex maturation and reflex ontogeny was
observed in AO and AP, especially in the pulp group (p <0.05). All groups presented a decrease
in the ambulation parameter in the second exposure to the open field, in T45 and T90 (p <0.05).
In the ORT, AO and AP showed improvement in short and long term memory, in both the adult
and adolescent phases (p <0.05). The result of the brain fatty acid profile presented higher
PUFA content in the AO and AP groups at T21, T45 and T90. In dams, supplementation with
avocado maximized lipidic lactation adjustments, with positive results for maintaining health.
In the offspring, maternal supplementation with oil or avocado pulp anticipated reflex
maturation, somatic postnatal development and improved memory in the adolescent and adult
phases. Thus, the dietary intake of this lipid source during gestation and lactation is
recommended.

Key-words: avocado; fatty acids; lactating dams; atherogenic index; offspring;
neurodevelopment.
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1 INTRODUCAO

A nutricdo materna exerce influéncia na concepgdo, na manutencdo da gravidez
saudavel, na biodisponibilidade de nutrientes necessarios ao desenvolvimento fetal
(MENNINTTI, 2015; BURTON, 2016), no suporte para a producédo lactea (McNAMARRA,;
HUBER, 2018), no crescimento, desenvolvimento e comportamento da prole (SANCHEZ et
al., 2012; SOARES et al., 2013; MELO et al., 2017; MENNITTI et al., 2018) e na diminuicéo
do risco de doenca metabdlica materna (PERRINE et al., 2016; CHAVAN-GAUTAM et al.,
2018; RODRIGUEZ-GONZALEZ; CASTRO-RODRIGUEZ; ZAMBRANO, 2018).

No periodo perinatal ocorre um aumento na demanda energética e de nutrientes para
suprir o desenvolvimento fetal, para a producdo lactea e para os ajustes metabélicos maternos
(MALEK; MAKRIDES, 2015; KOMINIAREK; RAJAN, 2016). O inicio da gestacdo é
marcado pela fase anabolica onde aumento do consumo lipidico dietético ira suprir as demandas
metabdlicas para que ocorra 0 armazenamento de gordura no tecido adiposo materno (CETIN;
LAORETI et al., 2015). No ultimo trimestre gestacional o tecido adiposo acumulado sera
disponibilizado e os estoques serdo transferidos através da placenta. Esta fase catabolica é
importante para satisfazer as necessidades de acidos graxos fetais (CHAVAN-GAUTAM;
RANI; FREEMAN, 2018). Na lactacdo, os acidos graxos continuam sendo disponibilizados
atraveés do leite materno e a reserva de gordura corporal aliada a ingestdo materna de fontes
lipidicas ira interferir diretamente na composicdo lactea produzida durante esta fase
(LAURITZEN; CARLSON, 2011; BRONNER; AUERBACH, 2005; INNIS, 2014).

Fontes lipidicas na dieta materna causam alteracfes importantes no perfil de acidos
graxos plasmatico, hepatico, tecido adiposo e leite materno das maes (FERNANDES et al.,
2012; LOPEZ-SOLDADO; ORTEGA-SENOVILLA; HERRERA, 2017). Na prole, os lipidios
atuam na formacdo dos tecidos, na determinagdo do crescimento fisico e neurodesenvolvimento
fetal adequado (GEORGIEFF, 2007; MENNINTTI et al., 2015).

Os &cidos graxos poliinsaturados (AGPI) séo essenciais (AGE) e durante a fase perinatal
estdo intrinsecamente ligados com o processo de génese e maturacdo do cérebro que vai desde
o0 periodo intrauterino e prossegue até os primeiros anos de vida. Nesta fase, a sintese de AGPI
é intensa e os fosfolipidios sdo necessarios para a proliferacdo das membranas celulares e
mielinizacdo (LAURITZEN et al., 2001). Por ndo serem sintetizados endogenamente
necessitam ser ingeridos para um suprimento materno e fetal adequado (MORGANE, 1993;

VELASCO, 2009). Estes acidos graxos exercem influéncia no desenvolvimento cerebral pois
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participam diretamente da neurogénese, migracdo neural, apoptoses, sinapses e mielinizagao,
conferindo ao cérebro a forma caracteristica e funcdo (INNIS, 2014). A dieta materna rica em
fontes lipidicas insaturadas estd relacionada com a aceleracdo no desenvolvimento reflexo
(SANTILLAN et al., 2010; SOARES et al., 2014) e mudancas no comportamento (FERRAZ et
al., 2011; SOARES et al., 2013; MELO et al., 2017) da prole.

Os é&cidos graxos saturados (SAT) e os monoinsaturados (MUFA) podem ser
sintetizados endogenamente e participam do desenvolvimento estrutural e funcional do sistema
nervoso. Durante a gestacéo eles séo transferidos pela placenta, secretados no leite materno no
periodo da lactacdo e acumulados no cérebro e outros 6rgaos durante o desenvolvimento fetal
(INNIS, 2004; INNIS, 2005). Foi demonstrado que o acido graxo monoinsaturados oleico é o
constituinte principal da mielina (GARBAY et al., 2000; POLO-HERNANDEZ et al., 2014)
além de apresentar beneficios para a salde da prole durante as fases fetal e de lactacdo,
estimulando a capacidade termogénica dos lactentes (PRIEGO et al., 2013) e mudangas no
metabolismo hepético, impedindo o surgimento da obesidade e esteatose na prole (TORRES et
al.,, 2010). O saturado palmitico também esta envolvido nos processos de gliogénese,
sinaptogénese e mielinizagdo (GONZALEZ; VISENTIN, 2016).

Um desequilibrio na oferta de &cidos graxos, durante a gestacéo e lactacéo, pode resultar
no aumento das concentracdes lipidicas séricas em um pico maior que o normal para o periodo
e a hipercolesterolemia materna apresentara um risco aumentado para aterosclerose (DUMOLT
et al., 2018; PINHEIRO et al., 2019).

Nesse contexto, o abacate (Persea americana Mill.) apresenta alto teor lipidico em sua
composicgdo e destaca-se pelo contetido do &cido graxo saturado palmitico (C16:0), dos &cidos
graxos monoinsaturados (MUFA) como oleico (C18:1, ®-9) e o palmitoleico (C16:1, ®-7) e
dos acidos graxos poliinsaturados (PUFAs) linoleico (C18:2, m-6) e linolénico (C18:3, w-3),
este ultimo em menor quantidade (TANGO; CARVALHO; LIMONTA, 2004; DREHER;
DAVENPORT, 2013; MELO et al., 2019). Além dos lipidios, o abacate contém alto teor de
fibras e metabdlitos secundarios (fitosterdis, compostos fendlicos e carotendides) com alto
poder antioxidante (AMEER, 2016; MELO et al., 2019), que estdo associados a diversos efeitos
terapéuticos (ADA, 2009; USDA, 2015; DREHER; DAVENPORT, 2013). Estudos
experimentais evidenciam efeitos benéficos do abacate, com foco nos seus componentes
lipidicos e antioxidantes, na melhora do perfil lipidico e diminuicdo do indice aterogénico
(ORTIZ MORENQO et al., 2007; SHEHATA; SOLTAN, 2013), no controle glicémico (DEL
TORO-EQUIHUA et al., 2016) e na melhora da fun¢do mitocondrial e diminuicao do estresse
oxidativo cerebral (ORTIZ-AVILA et al., 2015).
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Devido a importancia nutricional do abacate, seus beneficios para a saude e a escassez
de estudos na literatura investigando o impacto de seu consumo durante a fase perinatal sobre
0 metabolismo materno, bem como o crescimento e neurodesenvolvimento da prole, com o
presente trabalho objetivou-se avaliar os efeitos da suplementacdo materna com 6leo e polpa
de abacate durante a gestacdo e lactacdo sobre pardmetros murinométricos, bioquimicos,
gordura corporal e peroxidacdo lipidica em ratas lactantes. Além disso, avaliou-se na prole das
ratas suplementadas, o desenvolvimento reflexo, a maturacdo somatica, o perfil de acidos

graxos no cérebro e memoria em diferentes fases da vida.
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2 REFERENCIAL TEORICO

2.1 METABOLISMO MATERNO: IMPORTANCIA DA NUTRICAO NA GESTACAO E
LACTACAO

A nutricdo durante a gestacdo e lactacdo esta diretamente associada ao crescimento e
desenvolvimento fetal e neonatal e & saide materna (RODRIGUEZ-GONZALEZ; CASTRO-
RODRIIGUEZ; ZAMBRANO, 2018). Durante a gestacdo o metabolismo lipidico materno
sofre intensas modificacdes para que ocorra a transferéncia placentaria de nutrientes essenciais
para garantir o suprimento fetal (HAGGARTY, 2002). Na lactacdo, os &cidos graxos continuam
sendo disponibilizados através do leite materno e a reserva de gordura corporal aliada a ingestao
materna de fontes lipidicas ird interferir diretamente na composicao lactea produzida durante
esta fase (LAURITZEN; CARLSON, 2011; BRONNER; AUERBACH, 2005; INNIS, 2014).

Na gestacdo as alteracGes metabolicas sdo necessarias para garantir a deposicao lipidica
nos compartimentos materno e fetal pois os &cidos graxos essenciais (AGE) sdo extremamente
necessarios durante a vida intrauterina e desempenham papéis importantes no crescimento e
desenvolvimento pré-natal (HERRERA, 2000; HERRERA et al., 2006; CHAVAN-GAUTAM,;
RANI; FREEMAN, 2018).

O inicio da gestagdo até o final do 2° trimestre é marcado por uma fase anabdlica onde
os lipidios sdo acumulados nos depositos de gordura materna (PIPE, 1979; CETIN; LAORETE
et al., 2015). Nesse periodo ha um aumento no consumo mediado pelas alterages hormonais
proprias da gestacdo (DOUGLAS; JOHNSTONE; LENG, 2007). Desta forma, gorduras
dietéticas sdo acumuladas nos dep6sitos maternos e serdo essenciais para a aceleracdo no
processo de desenvolvimento fetal que ocorre no final da gestacdo (CHAVAN-GAUTAM,;
RANI; FREEMAN, 2018), e para o aumento das demandas metabdlicas da lactagédo
(AUGUSTINE; LADYMAN; GRATTAN, 2008). Nesta fase hd um aumento na sensibilidade
a insulina, diminuicéo da lipolise materna (RAMOS et al., 2003; KINOSHITA; ITOH, 2006) e
um aumento do perfil lipidico materno, que desenvolve um perfil aterogénico com aumento nos
niveis de colesterol total, colesterol de lipoproteina de baixa densidade (LDL) e triglicerideos
(TGC), que aumenta de maneira exponencial (DARMADY, 1982; LIPPI et al., 2007). O
aumento dos TGC é util para que ocorra a transferéncia dos acidos graxos para o feto, pela
placenta (HERRERA, 2000).
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O final da gestacdo (3° trimestre) é marcado por uma intensa lipdlise, que caracteriza o
estado catabolico da fase (HERRERA et al., 2006). Este periodo é apoiado pela resisténcia a
insulina (DAHLGREN, 2006; SONAGRA et al., 2014) condicdo que também causa o
desenvolvimento de hiperlipidemia materna, desempenhando papel chave na disponibilidade
de AGE para o feto (HERRERA et al., 2006). A demanda pelos acidos graxos acumulados no
tecido adiposo materno no inicio da gestacao é correspondida e eles sdo transportados para o
feto para dar suporte ao crescimento fisico e cerebral (GEORGIEFF, 2007; MENNINTTI et al.,
2015).

Na lactacdo, os 4cidos graxos continuam sendo disponibilizados através do leite materno
e a reserva de gordura corporal aliada a ingestdo materna de fontes lipidicas ira interferir
diretamente na composicdo lactea produzida durante esta fase (LAURITZEN; CARLSON,
2011; BRONNER; AUERBACH, 2005; INNIS, 2014). Nesta fase ha um aumento na excrecao
fisiologica dos TGC e colesterol total (PERRINE et al., 2016). A reducdo dos TGC ocorre a
partir do catabolismo de lipoproteinas de baixa densidade e da geracdo de componentes da
lipoproteina de alta densidade (HDL) (SMITH et al., 1998; QURESHI et al., 1999). O colesterol
é transferido para o leite materno, o que reduz suas concentracGes séricas, embora as
concentracBes lipidicas possam retornar aos seus niveis normais ap6s o final da lactagéo
(KALLIO, 1992).

Nesta fase ocorre uma redefinicéo fisioldgica das alteracdes metabolicas anormais que
ocorreram na gestacdo (PERRINE et al., 2016) e uma ma nutricdo materna pode resultar no
aumento das concentrac@es lipidicas em um pico maior que o normal para o periodo, pois a
hipercolesterolemia materna apresenta risco aumentado para aterosclerose (DUMOLT et al.,
2018).

Estudos experimentais tém investigado a influéncia do consumo dietético materno
(gestacdo e lactacdo) de fontes lipidicas e alteracbes no perfil bioquimico das maes, ao
desmame: Cavalcante et al. (2013) mostraram que a administracdo dieta hiperlipidica
ocidentalizada (margarina, creme de leite, banha e 6leo de soja) aumentou a glicemia de jejum;
0 consumo de gordura trans (6leo parcialmente hidrogenado e gordura de leite bovino
enriquecido com trans) provocou aumento no colesterol total (GATES et al., 2017); e os
triglicerideos plasmaticos foram aumentados apds o consumo de dietas hiperlipidicas rica em
banha (NAKASHIMA, 2008) e de dietas hiperlipidicas contendo banha (SANCHEZ-BLANCO
etal., 2016; PINHEIRO et al., 2019).

Por outro lado, o consumo materno de especificas fontes lipidicas, testadas

experimentalmente, mostraram seu efeito na reducédo do risco de doencas cardiovasculares. O
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consumo de uma dieta hiperlipidica suplementada com 6leo de peixe, rico em gorduras mono
e poliinsaturadas (fonte de dmega 3) provocou uma diminuicdo da glicemia de jejum em
lactantes suplementadas durante a gestacdo e lactacdo (ALBERT et al., 2017). Ratas que
receberam dieta contendo uma mistura dos 6leos de agrido (rico em linolénico) e girassol (rico
em oleico e linoleico) durante a gestacéo e lactacdo, apresentaram ao desmame, diminui¢do do
colesterol total e a fracdo LDL e as maes que receberam apenas 6leo de agrido, apresentaram
aumento no HDL quando comparadas as mées que receberam apenas 6leo de girassol (REDDY
NAIDU, 2015).

Além dos lipidios, compostos antioxidantes como os fitosterois foram testados na dieta
materna. O estudo utilizou um modelo de camundongos deficiente em Apolipoproteina E,
hipercolesterolémico, que consumiram durante a gestacdo e a lactacdo, dietas ricas em
colesterol e dieta rica em colesterol suplementada com fitosterois. As mées suplementadas com
fitosterdis apresentaram diminuicdo do colesterol total, da fragdo LDL e ndo houve alteragdo
nos niveis de HDL e TGC (RIDEQOUT et al., 2015).

Neste sentido, dentre alimentos fontes de lipidios, o abacate contém denso valor lipidico
e as investigagdes experimentais se concentram apenas em ratos adultos, todavia estudos com
gestantes e lactantes s@o inexistentes. Resultados experimentais na fase adulta evidenciam os
efeitos benéficos do abacate, com foco nos seus componentes lipidicos e antioxidantes, na
melhora do perfil lipidico, diminuicdo do indice aterogénico (ORTIZ MORENO et al., 2007;
SHEHATA,; SOLTAN, 2013), e no controle glicémico (DEL TORO-EQUIHUA et al., 2016).

2.2 FORMACAO E DESENVOLVIMENTO CEREBRAL NO PERIODO PERINATAL E
POS NATAL

Pesquisas em nutrigdo tem investido no grupo materno infantil com foco nos 1.000 dias
de vida, periodo que vai da concepcdo até os 2 anos de idade, fundamental para um
desenvolvimento saudavel (BLACK et al., 2017). Durante os primeiros 1.000 dias, a taxa de
crescimento cerebral é muito alta (linha vermelha), iniciando na concepcéo, caindo lentamente
no inicio da fase pos-natal e cessando aproximadamente por volta dos 2 anos de idade onde
nessa fase o cérebro ja se assemelha ao de adulto (GOYAL; IANNOTTI; RAICHLE, 2018)
(Figura 1).
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Figura 1 - Crescimento cerebral nos primeiros 1.000 dias de vida.
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Fonte: Adaptado de Goyal; lannotti; Raichle (2018).

O sistema nervoso inicia sua formacdo no periodo de desenvolvimento embrionario,
inicio da gestacdo, onde € formada uma placa que se transforma em um sulco neural que se
converte em tubo que fecha completamente antes do primeiro més de vida intrauterina
(MORGANE et al., 1993). Durante o desenvolvimento neural, as células nervosas iniciam a
arborizagdo e estratificam em um padrdo laminar, estas compdem redes para processos
sensoriais, visual e impressdes auditivas, que podem mesmo ser detectado no nascimento
(LAGERCRANTZ, 2016).

Os eventos do crescimento e desenvolvimento do cérebro ocorrem de acordo com uma
sequéncia temporal e geneticamente programada (CLANDININ et al., 1980; MORGANE et
al., 1993; SOMOGY et al., 1998). No rato, este periodo compreende da ultima semana de
gestacdo até os 21 dias de vida, final do periodo de lactacdo. No humano é intensamente do
altimo trimestre da gestacdo até aproximadamente os dois anos de vida (MORGANE;
MOKLER; GALLER, 2002) (Figura 2).
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Figura 2 - Comparacéo da curva de velocidade dos processos de desenvolvimento no cérebro

humano e do roedor.
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Fonte: Morgane et al., 2002.

No desenvolvimento cerebral, as diferentes regides desenvolvem-se de forma
heterogénea, de acordo com os tipos celulares, a duragdo e o periodo em que ocorre a divisdo
celular (MORGANE et al., 1993). Segundo Smart e Dobbing (1971), neste periodo a
vulnerabilidade do sistema nervoso a um insulto € maxima. Portanto, alteracBes nos processos
de desenvolvimento terdo consequéncias variadas, dependendo do periodo de ocorréncia, de
sua duracio e da evolugio ontogenética da espécie animal (MORGANE et al., 1978). E neste
periodo, de crescimento rapido do sistema nervoso, chamado de periodo critico do
desenvolvimento, onde ocorrem 0s processos de neurogénese, gliogénese, migracdo e
diferenciacdo celular, mielinogénese, formacdo das sinapses e a sintese e liberacdo de
neurotransmissores (LAURITZEN et al., 2001; MADORE et al., 2014).

Em todas as fases do ciclo os nutrientes interferem na neuroquimica e neurofisiologia
do cérebro (GEORGIEFF et al., 2007), porém, no periodo critico de desenvolvimento, a
nutricdo materna é crucial para fomentar o crescimento neuronal (LAURITZEN; CARLSON,
2011; INNIS, 2014). Desta forma, a ma nutricdo materna (excesso ou déficit de nutrientes) pode

comprometer estes processos e alterar intensamente os eventos ontogenéticos sequenciais, com
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efeitos variados sobre o sistema nervoso em formacdo (DOBBING, 1968; MORGANE et al.,
1993; LYNCH; SMART; DOBBING, 1975). Durante esta fase critica, regides cerebrais
especificas, incluindo o hipocampo, o corpo estriado e os cortices visual e auditivo respondem
de forma semelhante a insultos nutricionais (KRETCHMERN; BEARD; CARLSON, 1996).

O desenvolvimento do sistema nervoso € um processo complexo e influenciado por
fatores ambientais, onde a nutricdo se insere. Estabelecer o papel de nutrientes, isoladamente e
com muitos covariantes, € uma tarefa desafiadora (GONZALEZ; VISENTIN, 2016). Todavia,
a influéncia dos lipidicos dietéticos vem sendo estudada e tém se destacado por participarem
efetivamente da formacédo do sistema nervoso através do suprimento materno de acidos graxos,
juntamente com os componentes estruturais dos fosfolipidios, que sdo incorporados nas
membranas neuronais (MADORE et al., 2014; GOYAL; IANNOTTI; RAICHLE, 2018).
Durante a gestacdo e a lactacdo, a qualidade dos lipidios da dieta materna é de grande
importancia, pois determina o tipo de acido graxo que se acumulara no tecido fetal e
influenciara diretamente no perfil de &cidos graxos do secretado através do leite materno
(YETIMLER, 2012; INNIS, 2014).

Entre os principais lipidios que participam do desenvolvimento cerebral encontram-se
os 4acidos graxos poliinsaturados (AGPI): o docosahexaendico (C22:3w-6) (DHA), o
eicosapentaenoico (20:5w-3) (EPA), o acido a-linolénico (C18:3w-3) (ALA), o araquiddnico
(C20:40-6) (ARA) e o0 acido linoleico (18:2w-6) (LA) (MAKRIDES et al., 1994). Estes acidos
graxos sao essenciais, pois ndo sdo sintetizados endogenamente e devem ser fornecidos pela
dieta materna em quantidades adequadas. Uma ingestdo desequilibrada pode causar alteragdes
no neurodesenvolvimento (CHANG; KE; CHEN, 2009; GONZALEZ; VINSENTIN, 2016).

O DHA e ARA sdo os principais constituintes do cérebro e estdo incorporados
principalmente aos fosfolipidios. As evidéncias da influéncia do DHA na neurogénese,
neurotransmissao, mielinizacdo, estrutura e sinalizacdo da membrana neuronal ja foram bem
estabelecidas (MAKRIDES et al., 1994; MAKRIDES; COLLINS; GIBSON, 2011; WEISER,;
BUTT; MOHAIJERI, 2016). Deficiéncias de DHA no inicio da vida podem resultar em
comprometimento da funcdo cognitiva e desenvolvimento. O DHA também esté presente na
retina e no cortex e € necessario para a acuidade visual e cogni¢do (UAUY; DANGOUR, 2006).
O ARA ¢ precursor do acido graxo docosatetraenoico (C22:4), o componente essencial de todas
as membranas celulares (KOLETZKO; CARLSON; GOUDOEVER, 2015) e o acido graxo
mais abundante nos lipidios da mielina (GOYAL; IANNOTTI; RAICHLE, 2018). Durante a
infancia, a quantidade de ARA excede a deposicdo de DHA (MAKRIDES et al., 1994).
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Outros cidos graxos também participam da formacao cerebral: o 4cido graxo palmitico,
um acido graxo saturado e os acidos graxos monoinsaturados oleico (n-9) e palmitoleico (n-7).
Eles sdo considerados ndo essenciais, pois podem ser metabolizados endogenamente, porém o
consumo materno aumenta sua disponibilidade, ja que sdo transferidos através da placenta,
durante a gestagdo, secretados no leite humano, no periodo da lactacdo e acumulados no cérebro
e outros 6rgdos durante o desenvolvimento fetal (INNIS, 2004; INNIS, 2005).

O acido graxo saturado palmitico participa dos processos de palmitoilagéo, gliogénese,
sinaptogénese e mielinizacgdo (GONZALEZ; VISENTIN, 2016). A palmitoilagdo é um
processo que permite que as proteinas se movam em um ambiente lipidico como o sistema
nervoso central (DRISDEL et al., 2006). Ha evidéncias que sinapses recém-formadas podem
regular a dindmica do processo de palmitoilacdo proteina proteica em periodos criticos de
desenvolvimento precoce (EL-HUSSEINI; BREDT, 2002).

O é&cido graxo monoinsaturado oleico € um dos principais constituintes da mielina
(GARBAY et al., 2000) e esta relacionado com o crescimento axonal e 0 agrupamento neuronal
(MEDINA; TABERNERO, 2010). O &cido palmitoleico participa da construcdo das
membranas ou estruturas sinapticas. Esta associacao foi sugerida por um estudo que investigou
o efeito do BNDF (fator neurotréfico derivado do cérebro) que desempenha papel critico na
diferenciacdo neuronal, na composi¢do de acidos graxos de culturas de neurénios do cortex e
do hipocampo e mostrou que o0 BNDF aumentou a proporcdo do &cido graxo palmitoleico,
sugerindo que os niveis intracelulares deste acido graxo estdo relacionados com as alteragdes
neuronais do sistema nervoso central que ocorrem durante o desenvolvimento (SUZUKI et al.,
2012). Agostoni et al. (2011) demonstraram associacdo entre a ingestdo de &cidos graxos
monoinsaturados em mulheres gravidas e sua prole coletando sangue nas méaes e seus recém-
nascidos para determinar o seu perfil de acidos graxos totais do sangue. Eles encontraram 0s
monoinsaturados em aproximadamente 29% dos acidos graxos do sangue de maes gravidas,
18% do sangue do corddo umbilical e 23% do sangue dos recém-nascidos.

Para o funcionamento adequado do cérebro, a membrana neuronal deve estar integra.
Elas sdo formadas pelos fosfolipidios que sdo reservatdrios para a sintese de mensageiros
lipidicos na estimulacdo neuronal (CHANG; KE; CHE, 2009). Sua estrutura fisica &
determinada pela presenca moléculas lipidicas e quaisquer alteracdes ocorridas na sua formacéo
pode comprometer a reproducdo de informacgéo neuronal no axénio e sinapse (CHANG; KE;
CHE, 2009; YEHUDA, 2012). A fluidez da membrana é fundamental no transporte de proteinas
na bicamada lipidica, tornando-se importante na formacdo do tecido cerebral e visual.

Alteragdes no neurodesenvolvimento estdo relacionados com o consumo de AGE durante a fase
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critica de formacgdo morfogénica e funcional do cérebro. A caréncia dos acidos graxos é capaz
de modificar a estrutura das membranas sinapticas, alterando sua funcdo. O consumo de acidos
graxos, a partir de modificacdes dietéticas, durante a gestacdo e lactagdo, estdo intimamente
correlacionados com a aceleragdo no neurodesenvolvimento, processo de aprendizagem e
memdria demonstrando influéncia positiva na ingestao dietética lipidica nesta fase do ciclo da
vida (MENNITTI et al., 2015).

2.3 MATURACAO REFLEXA E SOMATICA DA PROLE

A formacao cerebral tem inicio ainda no periodo embrionario e os neurénios formam
redes para processos sensoriais, visuais e auditivos, que podem ser detectados ao nascimento.
Este complexo € influenciado por multiplos fatores genéticos ambientais interagindo uns com
0s outros, onde a nutricdo exerce papel importante no desenvolvimento do cérebro e na
influéncia pos-natal na neuroontogenia (GONZALEZ; VINSENTIN, 2016). A fase pos-natal é
marcada pelas mudangas maturacionais na atividade do sistema nervoso central, que tem uma
influéncia direta no desenvolvimento da ontogenia reflexa da prole e o periodo final é o mais
critico do desenvolvimento, quando todos os aspectos de maturacdo neural sdo consolidados.
Desta forma, a analise do desaparecimento ou aparecimento dos reflexos sdo indicadores Uteis
paraavaliar o grau de maturidade do sistema nervoso (FOX, 1965; SMART; DOBBING, 1971).
Os processos de desenvolvimento e maturacdo ocorrem nos periodos de gestacdo e lactacdo
(SOARES et al., 2009), que sdo fases de intensa atividade sinaptogénica (DOBBING, 1968;
MORGANE et al., 1978, MORGANE et al., 1993).

Os reflexos sdo movimentos involuntarios em resposta a estimulos, mede a maturacéo
e reflete a integridade do desenvolvimento do sistema cerebelar, sensorio-motor e da integracdo
das vibrissas (ZHANG et al., 2010). Processo adequado da formacéo de mielina, das conexdes
neuronais atraves das sinapses e da acdo adequada dos neurotransmissores resulta em um
adequado desenvolvimento reflexo (BOURRE et al., 1987; MORGANE et al., 1993). A
aceleracdo no aparecimento dos reflexos reflete a maturidade do sistema nervoso. E importante
considerar que a antecipacdo da geotaxia negativa demonstra uma evolugéo positiva na funcao
do labirinto e/ou vestibulo, enquanto a antecipagéo da aversdo ao precipicio reflete a maturidade
da funcdo sensorio-motora (SANTILLAN et al., 2010). O reflexo recuperacdo postural de
decubito envolve ambas fungdes motora e visual (BOYLE, 2001).
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Os nutrientes podem influenciar o crescimento e desenvolvimento pré e pds-natal do
sistema nervoso (GONZALEZ; VISENTIN, 2016). Entretanto, a quantidade e a qualidade
lipidica da dieta materna influenciam diretamente o desenvolvimento fisico e da maturacédo
somética da prole (HAUSMA; McCLOSKEY; MARTIN, 1991). Modificacdo das fontes de
gordura dietética materna e o periodo de administracdo da dieta influenciam as caracteristicas
de maturacdo fisica e ontogenia reflexa (SOARES et al., 2009; SANTILLAN, 2010;
MEDEIROS et al., 2015; MELO et al., 2017; CADENA-BURBANO et al., 2017). Dieta
materna com diferentes quantidades de »-6 e ®-3 (6leo de soja e girassol) aceleraram o
aparecimento do reflexo de aversédo ao precipicio (SANTILAN et al., 2010). Soares et al. (2014)
investigaram os efeitos da dieta materna com trés fontes lipidicas (leite de cabra, 6leo de coco
e 0 6leo de soja) sobre a ontogénese dos reflexos de ratos neonatos e constataram que os lipidios
provenientes do leite de cabra (rico em CLA) causaram aceleracdo do desenvolvimento da
prole, elucidando o que outros estudos tém apontado com relacdo ao papel dos lipidios da dieta
no neurodesenvolvimento. Outra fonte lipidica, a castanha de caju, durante a gestacdo e lactacao
também promoveu aceleracao da maturacao reflexa dos neonatos (MELO et al., 2017).

Contrariamente, outros estudos apontaram o efeito da dieta materna em retardar a
ontogenia somaética e reflexa da prole: 1) pelo consumo de dieta cetogénica, com caréncia de
acidos graxos essenciais associados a desnutricdo proteica (SOARES et al., 2009); 2) pelo
consumo de dieta rica em gordura vegetal hidrogenada, rica em acidos graxos trans, onde a
utilizacdo desta fonte lipidica causou o retardo no desdobramento do pavilh&o auricular, mas
ndo na abertura do ducto auditivo. Além disso, houve antecipa¢cdo na maturacdo da geotaxia
negativa indicando uma alteracdo sobre o desenvolvimento motor e cerebelar, quando esse tipo
de &cido graxo esta presente na dieta desses animais (BORBA; SILVA; ROCHA-DE-MELO,
2011); 3) pelo consumo de dietas ricas em gordura saturada. Mendes-da-Silva et al. (2014),
visando investigar o desenvolvimento somético e sensério-motor da prole de ratas tratadas com
dieta hiperlipidica (banha de porco) durante a gestacdo e lactacdo, observaram atraso no
desenvolvimento reflexo dos descendentes. Nesse estudo, a qualidade e quantidade da fonte
lipidica merece ser levada em consideracdo, devido a baixa concentracdo de &cidos graxos
essenciais. Todos esses estudos ja realizados demonstram e reforcam a influéncia das fontes
lipidicas dietéticas maternas, os quais afetaram o desenvolvimento do sistema nervoso

interferindo na cronologia dos eventos de neuroontogénese e maturagcdo somatica.
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2.4 MEMORIA E APRENDIZAGEM DA PROLE

As fungbes cognitivas, dentre elas memdria e aprendizagem, sdo de responsabilidade do
cortex cerebral e hipocampo (BERMUDEZ-RATTONI et al., 2005; MUMBY et al., 2005;
WINTERS; BUSSEY, 2005). O hipocampo € uma estrutura localizada na por¢cdo medial do
cortex do lobo temporal e atua no armazenamento das memorias e emogbes (RIEDEL,;
MICHEAU, 2001; MUMBY et al., 2005; OPITZ, 2014). Além das estruturas responsaveis pela
aprendizagem, o cOrtex possui também estruturas que exercem funcbes responsaveis pelo
comportamento que envolve as emoc¢des de seres humanos e animais, sendo estes, o hipotalamo
e o sistema limbico (LeDOUX, 1993).

Ha varios tipos de memdrias e dentre elas destacam-se: a memoria a curto prazo, que
guarda informacBes por segundos ou minutos e a memoria a longo prazo, que armazena
informacdes por tempo um tempo maior, podendo durar anos, inclusive prolongando-se por
toda a vida. (COWAN, 2008; NAVA-MESA; LAMPREA; MUNERA, 2013; LAROCQUE et
al., 2015). As memorias de curto e longo prazo sao avaliadas pelo Teste de Reconhecimento de
Objetos (BARBOSA et al., 2013; MUNERA, 2013; NAVA-MESA; LAMPREA; RACHETTI
etal., 2013). A memdria de reconhecimento de objetos tem sido considerada como um modelo
validado para memoria declarativa, que necessita do funcionamento de diferentes estruturas
como neocortex, diencéfalo e lobo temporal medial (KART-TEKE; DE SOUZA SILVA,
HUSTON, 2006). E caracterizada por ser uma tarefa ndo recompensada que explora a tendéncia
natural do rato na exploracdo de objetos novos de maneira mais intensa que dos objetos ja
familiares (ENNACEUR; DELACOUR, 1988).

Outra mem@ria bastante estudada na experimentacdo animal € a habituacéo, um tipo de
memoria ndo-declarativa e que representa o declinio de uma resposta a um estimulo ap6s este
ser apresentado repetidamente (STADDON; CHELARU; HIG, 2002). O teste de habituacgao ao
Campo Aberto analisa a capacidade de habituacdo em longo prazo e é determinada pela
diminuicdo da ambulagdo durante a segunda exposicao do animal ao aparelho, indicando assim
facilitacdo da memoria (RACHETTI et al., 2013). Neste tipo de memdria 0s nucleos da base e
cerebelo sdo as estruturas cerebrais envolvidas (DAUM; ACKERMANN, 1997; FORDE;
SHOHAMY, 2011).

A funcdo cerebral é dependente da integridade das membranas neuronais, da formagéo
da mielina nos neurdnios e células da glia e esta diretamente relacionada com a memoria e

aprendizagem (YEHUDA, 2012). As fungdes que essas estruturas exercem na memorizacgao e
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no comportamento, podem ser afetadas de forma negativa quando ndo houver uma nutri¢do
adequada no periodo de formacdo cerebral (GOW; HIBBELN, 2014). A nutricdo materna
produz impactos no desenvolvimento neurologico, ndo apenas no periodo de morfogénese
cerebral, que ocorre na fase embrionaria, mas na fase pos-natal, principalmente nos dois
primeiros anos de vida. Desta forma, pode repercutir negativamente no periodo po6s-natal,
guando o excesso ou deficiéncia de nutrientes pode causar alteracBes permanentes no
comportamento, na anatomia, quimica e fisiologia cerebral, podendo se prolongar até a vida
adulta (YEHUDA,; RABINOVITZ; MOSTOFSKY, 2006; LAURITZEN; CARLSON, 2011,
SANCHEZ et al., 2012; INNIS, 2014; MANDUCA et al., 2017).

O cérebro é composto em sua maior parte por lipidios; sendo predominantes o DHA
(acido graxo »-3) e 0 ARA (acido graxo m-6), que estdo distribuidos principalmente na forma
de fosfolipidios (DAS, 2003; CAO et al., 2009; GOYAL; IANNOTTI; RAICHLE, 2018). O
DHA esté envolvido na neurogénese, neurotransmissao, mielinizacdo, plasticidade sinaptica, e
multiplas fungbes de membrana, incluindo estrutura e sinalizacdo (WEISER; BUTT;
MOHAJARI, 2016). A deficiéncia de »-3 na dieta materna ocasiona reducdo do DHA nos
fosfolipidios nas membranas celulares (OZIAS; CARLSON; LEVANT, 2007) e sua diminui¢éo
no cérebro esta associado a prejuizos no desempenho cognitivo e comportamental, efeitos
particularmente importantes durante o neurodesenvolvimento (INNIS, 2007).

Investigacdes sobre a influéncia &cido graxo ®-3 no desenvolvimento neuroldgico
demonstraram que a suplementacdo materna com este acido graxo aumentou a memoria a longo
prazo da prole (KAVRAAL et al., 2012) e 0 consumo de uma dieta rica em gordura e relacdo
®-6/w-3 desequilibrada induziu, na prole, modificacbes metabdlicas de longa duracdo e
algumas alteracdes na expressdo génica no hipocampo, mas ndo teve efeito sobre a memaria
(LEPINAY et al., 2015). Fernandes et al. (2011) ao substituir a fonte lipidica da dieta materna
por linhaca, fonte de -3, durante a pré-concep¢do, gestacao e lactacdo observou um aumento
no conteido de DHA do hipocampo, associado a um melhor desempenho na memaria espacial,
na prole em idade jovem. A incorporacao de castanha de caju (fonte de AGPI) na dieta materna
facilitou a memdria no teste de habituacdo e na memoria de curto prazo na prole (MELO et al.,
2017).

Contrariamente, ratas alimentadas com dieta contendo alta quantidade de gordura
saturada, antes da concepgdo e durante a gestacao/lactacao causou déficit de aprendizagem nao
associativa, através da avaliacdo da atividade locomotora (Campo Aberto) e de memdria
espacial da prole (Labirinto de Morris) (PAGE; JONES; ANDAY, 2014). Da mesma forma, o
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consumo materno com dieta contendo gordura vegetal hidrogenada (trans) alterou a memaria
espacial da prole, na fase jovem (SOUZA; ROCHA; CARMO, 2012).

As evidéncias cientificas confirmam que durante a gestacdo e lactacdo os lipidios
dietéticos sdo capazes de modular o metabolismo materno, fornecendo os &cidos graxos,
fundamentais para o crescimento e desenvolvimento do sistema nervoso, motivo de importancia
para investigar outras fontes lipidicas, entre elas o abacate, e seus efeitos em curto e longo

prazo, no neurodesenvolvimento e comportamento da prole.

2.5 ABACATE

Abacate (Persea americana Mill.), pertence a familia Laureaceae. E um fruto originario
do continente americano, encontrado em toda a América Latina e em outras regides tropicais e
subtropicais do mundo. De acordo com dados da Food and Agriculture Organization (FAQ)
0 mercado de abacate cresceu nos Ultimos anos e na Ultima década. As exportagdes mundiais
deste produto cresceram em uma taxa média anual de 15%. Em 2016, o abacate tornou-se a
segunda maior exportacdo de frutas da América Latina e Caribe. O México, o Peru e o Chile
sdo 0s principais exportadores mundiais e 0s maiores compradores sdo os Estados Unidos,
Japdo e Canadé (FAO, 2017).

No Brasil, 0 abacateiro é encontrado em todo o territorio e apresenta grande importancia
comercial (TEIXEIRA etal., 1995). Diferentes variedades sdo produzidas no pais (Hass, Fuerte,
Fortuna, Geada, Quintal, Margarida, Breda), porém Hass e Fuerte, conhecidas como avocado,
sdo as de escolha para exportacdo, pois possuem maior valorizagdo pelo alto teor lipidico
(DONADIO, 1995; FISCHER et al., 2011).

As diretrizes do Comité Dietético Americano indicam que quantidades de varios
nutrientes, a exemplo das vitaminas E, C e &cido fdlico, presentes no abacate, correspondem a
média do consumo estimado para mulheres gravidas e lactantes (USDA, 2015). A polpa do
abacate € densa em nutrientes que consiste em niveis significativos de potassio, magnésio,
vitamina A, vitamina C, vitamina E, vitamina Kz, &cido fdlico, vitamina Be, niacina, acido
pantoténico, riboflavina (DREHER, 2013). Sua composicao pode sofrer alteracGes dependendo
da variedade e cultivar, mas possui cerca de 72% de agua, 15,4% de lipidios, e 8,64% de
carboidratos, 1,96% de proteina (USDA, 2015). Dos carboidratos, 80% sdo compostos por
fibras dietéticas, sendo 70% de fibras insolGveis e 30% de fibras solUveis (DREHER;
DAVEMPORT, 2016) (Quadro 1).



Quadro 1 — Composic¢éo nutricional do abacate (Persea americana Mill.).
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COMPOSICAO DO ABACATE

100g* de polpa

Umidade () 72
Energia (kcal) 167
Proteina (g) 2,00
Lipidios Totais (g) 15,40
Gordura Saturada (g) 2,10
Gordura Monoinsaturada (g) 9,80
Gordura Poliinsaturada (g) 1,80
Colesterol (mg) -
Estigmasterol (mg) 2,00
Campesterol (mg) 5,00
Beta-sitosterol (mg) 76,00
Carboidratos Totais (g) 8,60
Fibra insoltvel (g) 4,80
Fibra solavel (g) 2,00
Acucares (9) 0,30
Vitaminas HidrossolUveis
Vitamin C (mg) 8,80
Tiamina (mg) 0,10
Riboflavina (mg) 0,10
Niacina (mg) 1,900
Acido pantoténico (mg) 1,50
Vitamin Bs (MQ) 0,30
Folate (ug) 89,00
Colina (ug) 14,00
Vitamin Bz (ug) -
Vitaminas LipossolUveis e Carotenoides
Vitamin A (ug RAE) 7,00
Beta Caroteno (ug) 63,00
Alfa Caroteno (ug) 24,00
Beta Criptoxantina (ug) 27,00
Luteina + zeaxantina(ug) 271,00
Vitamin E (a -tocoferol) (mg) 2,0
Vitamin D (ug) -
Vitamin K (Filoquinona) (ug) 21,00
Minerais
Célcio (mg) 13,00
Magnésio (mg) 29,00
Potéassio (mg) 54,00
Fosforo (mQ) 507,00
Sédio (mQ) 8,00
Ferro (mQ) 0,60
Zinco (mg) 0,70
Selénio (ug) 0,40

Fonte: USDA (2015).
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Com elevado valor nutricional, o abacate é considerado um dos mais importantes,
quando comparado a outros frutos tropicais (DREHER, 2013). O seu azeite assemelha-se ao de
oliva, por ser extraido da polpa dos frutos e pela similaridade de suas propriedades fisico-
quimicas, principalmente pela composicdo de seus acidos graxos (TANGO; CARVALHO;
LIMONTA, 2004), predominando em ambos o &cido oleico.

A extracdo do 6leo a partir da polpa (mesocarpo) tornou-se alternativa importante do
ponto de vista comercial (FERRARI, 2015). A composicdo dos acidos graxos pode variar
dependendo do cultivar, variedade, fase de maturacdo, localizacdo geogréfica, bem como o
método de extracdo (MORENO et al., 2003). O &cido graxo monoinsaturado oleico (®-9), o
acido graxo saturado palmitico (»-7) e o &cido graxo poliinsaturado linoleico (w-6) sdo os AG
principais (FLORES et al., 2014) enquanto o acido graxo poliinsaturado linolénico (®-3)
encontra-se em menor quantidade, porém, esta entre as gorduras chave fornecidas, sendo o
monoinsaturado oleico sua maior fracdo lipidica (LU et al., 2009). Em compara¢do com a
maioria das frutas e produtos horticolas, o alto teor de acidos graxos insaturados do abacate
permite uma maior absorcdo de nutrientes sollveis em gordura (KOPEC et al., 2014). A
composic¢do do perfil lipidico do abacate, variedade Hass, encontra-se no Quadro 2.

Quadro 2 — Composic¢ado de acidos graxos do abacate (Persea americana Mill.).

COMPOSICAO DE ACIDOS GRAXOS DO ABACATE

Acidos Graxos g.100 g de lipidios
Saturados (g)

Palmitico (C16:0) 14,80

Estearico (C18:0) 0,27
Monoinsaturados (g)

Palmitoleico (C16:1) 4,86

Oleico (18:1) 63,73
Poliinsaturados (g)

Linoleico (C18:2) 15,27

Linolénico (C18:3) 1,09

Fonte: YANTY; MARIKKAR; LONG (2011).

Uma diversidade de fitonutrientes estdo presentes no abacate, destacando niveis
importantes de fitoesterdis (beta-sitosterol, estigmasterol e campesterol), carotendides
(betacaroteno, alfa-caroteno, luteina, neocromo, neoxantina e crisantemaxantina, beta-
criptoxantina, zeaxantina e violaxantina), flavondides (epicatequina e epigalocatequina 3-O-

galato) e alcoois poli-hidroxilados (AMEER, 2016). Muitos desses componentes tém poder
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antioxidante e reduzem o estresse oxidativo através da eliminacdo de radicais livres ou por
estimular um aumento na capacidade antioxidante enddgena (CALDAS et al., 2017).

Pela variedade de nutrientes essenciais como 0s acidos graxos MUFA e AGPI, elevado
teor de fibras e dos seus fitonutrientes, este fruto é reconhecido como fonte alimentar com
potenciais efeitos benéficos a saude (ADA, 2009; USDA, 2015). Diferentes partes do abacate
(folhas, semente, casca, raizes e polpa) tem sido pesquisadas (TABESPOUR; RAZAVI,
HOSSEINZADEH, 2017), todavia, os estudos com a utilizacdo da polpa e do dleo sdo em
menor nimero. O interesse cientifico sobre os efeitos benéficos do abacate surgiu na década de
90, onde um grande nimero de ensaios clinicos foram realizados e apontaram efeitos positivos
de seu consumo com a diminuicdo dos lipidios sanguineos em individuos
hipercolesterolémicos, diabetes tipo 2 e doencas cardiovasculares (ALVIZOURI-MUNOZ et
al., 1992; LERMAN-GARBER et al., 1994; CARRANZA et al., 1995; LOPEZ-LEDESMA,
MUNARI; HERNANDEZ-DOMINGUEZ, 1996; CARRANZA-MADRIGAL et al., 1997).
Recentemente, uma série de pesquisas clinicas e ndo clinicas correlacionaram o efeito anti-
obesidade do abacate (MONIKA; GEETHA, 2016), na protecdo contra o aumento da gordura
abdominal (TENTOLOURIS et al., 2008; PANIAGUA et al., 2007), coadjuvante no aumento
da saciedade pds-prandial (WIEN et al., 2011; HUANG et al., 2017), com efeito hepatoprotetor
(MAHMOED; REZQ, 2013), na reducdo do colesterol total e da fracdo de lipoproteina de muito
baixa densidade (VLDL) (VAZQUEZ et al., 2009; AL-DOSARI, 2011; PAHUA-RAMOS et
al., 2014; WANG et al., 2015) e no aumento da lipoproteina de alta densidade (HDL) (DIAZ et
al., 2004; VAZQUEZ et al., 2009).

Outros estudos retratam as propriedades antioxidantes do abacate contra danos ao DNA
celular, com possiveis efeitos protetores antienvelhecimento (YONG et al., 2009; JOHNSON
et al., 2010) e na prevencéo contra alguns tipos de canceres (DING et al., 2009; GUZMAN -
RODRIGUES, 2016). Em ratos diabéticos, o consumo da polpa de abacate reduziu os niveis de
malonaldeido (MDA) no péancreas (AJANI; OLANREWAJU, 2014) e o consumo de Gleo
diminuiu o estresse oxidativo cerebral (ORTIZ-AVILA et al., 2015). Todavia, ndo existem
estudos que avaliem o consumo de abacate durante a gestacdo e lactacdo e 0 seu impacto em
relacdo ao metabolismo materno, desenvolvimento do sistema nervoso e comportamento da

prole.
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3 MATERIAL E METODOS

3.1 LOCAL DE EXECUCAO E DELINEAMENTO EXPERIMENTAL

Os experimentos foram conduzidos no Laboratério de Nutricdo Experimental (LANEX)
e Laboratério de Bromatologia (LABROM) — Centro de Educacao e Saude (CES)/Universidade
Federal de Capina Grande (UFCG); nos Laboratorios de Fisico Quimica e Laboratorio do
Programa de Pés-Graduacdo em Tecnologia Agroalimentar — Campus I11/Universidade Federal
da Paraiba (UFPB); nos Laboratérios de Bromatologia do Departamento de Nutricdo e no
Laboratorio Multiusuario de Caracterizacdo e Analise (LMCA) — Campus I/UFPB; no
Laboratorio de Quimica do Centro de Ciéncia e Qualidade de Alimentos (CCQA) — Instituto de
Tecnologia de alimentos (ITAL) e no Laboratério de Farmacologia - 111/ Universidade Federal
do Rio Grande do Norte (UFRN).

O oleo e o pé liofilizado foram obtidos a partir da polpa do abacate, variedade Hass.
Ap0s atingir o grau de maturacao, o 6leo foi extraido e a polpa foi liofilizada para obtencao do
po. Em seguida, o 0leo foi analisado quanto a composicao de acidos graxos e conteudo total de
antioxidantes e o po liofilizado foi analisado quanto a sua composic¢do centesimal, contetdo
total de fibras sollveis e insolUveis, composi¢do de &cidos graxos e pardmetros antioxidantes
(Figura 3).

Figura 3 — Desenho experimental da obtencéo e analises da matéria prima.
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3.2 AMOSTRAS

O abacate (Persea americana Mill.), da variedade Hass, foi escolhido pelo maior
conteudo lipidico e por ser a variedade mais utilizada para exportacdo. Os frutos utilizados na
pesquisa foram colhidos em marco de 2017, na Fazenda Jaguacy Avocado Brasil®, localizada
no municipio de Bauru, S&o Paulo, de acordo com as coordenadas geograficas de latitude
22°19°18°'S, longitude 49°04°13"W e 526 m de altitude. Do mesmo lote coletado, parte dos
frutos foi utilizada para extracdo do 6leo, na prépria fazenda, e outra parte foi transportada para
a Empresa Terroni Liofilizacdo®, localizada em S&o Carlos, S3o Paulo, para obtencio do p6
liofilizado da polpa.

Diariamente, técnicos da fazenda e da empresa de liofilizacdo mantiveram contato em
video para acompanhamento do processo de maturacdo dos frutos, visando a uniformizacéao da
amostra a ser processada. Para extracdo do 6leo e liofilizacdo da polpa foi utilizada uma escala
de maturacdo onde os frutos escolhidos tinham que apresentar casca firme, integra e na
coloracgéo escura, sem injuria ou murchidao e a polpa deveria estar macia ao leve toque, mas
ndo em processo de amolecimento. Estas caracteristicas foram observdas nos pontos 4 e 5 da
escala fotogréfica criada para homogeinizacdo da amostra (Figura 4). Nestas condi¢des foram
selecionados os frutos que seriam utilizados nos processos, de extracdo do 6leo e liofilizacdo
da polpa, que foram realizados simultaneamente, no mesmo dia e horario.

O oleo foi extraido da polpa do abacate com a utilizacdo de uma centrifuga de trés fases
(Centrifuga Gratt modelo GMT 400, Capinzal/SC, Brasil), onde o 6leo, agua e os sélidos foram
separados. Em seguida, a fase 6leo passou por decantador e filtro prensa (Ecirtec - modelo FPE
25/10, Bauru/SP, Brasil), envase a vacuo em vidro ambar e armazenado sob temperatura
ambiente (22 = 1 °C) (Figura 5).
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Figura 4 - Escala fotogréafica numérica de maturacdo do abacate Hass.

Fonte: Fazenda Jaguacy Avocado Brasil® — S&o Carlos/SP, Abril de 2017.

Figura 5 - Esquema ilustrativo do processo de extracdo do 6leo de abacate.

Fonte: Fazenda Jaguacy Avocado Brasil® para o autor da pesquisa — S8o Carlos/SP, Abril de 2017. 5A:
despolpamento mecanico dos frutos; 5B: adicdo de agua morna para quebra da parede celular; 5C: processamento
no tricanter; 5D: filtro prensa e decantador; 5E: tanques de estocagem com nitrogénio; 5F: 6leo envasado.

Para transformacdo da polpa em po liofilizado, esta foi inicialmente removida e
levemente amassada com as méos e ultracongelada (Ultracongelador Modelo COLD 500 —

Terroni®) por 24h sob temperatura de -45° C e posteriormente liofilizada durante 44 h no
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Liofilizador Modelo LHO0601-B (Terroni®), em etapas sequenciais e distintas de
descongelamento e pressdo a vacuo. A temperatura do condensador variou entre -50 a -57 °C.
Imagens das etapas que antecederam a liofilizacéo e o resultado pés liofilizacdo estéo ilustradas
na Figura 6.

Apos a liofilizacdo o pd foi acondicionado em embalagens individuais metalizadas e
laminadas com capacidade para 100 g e armazenadas em temperatura de -20 °C. Imagens das

etapas que antecederam a liofilizacdo e o resultado poés liofilizacdo estdo ilustradas na Figura 6.

\ :
Fote: Terroni® para 0 autor da pesq:sa — S&o Carlos/SP, Abril de 2017. 6A: retirada da polpa dos abacates
selecionados; 6B: leve amassamento com as maos; 6C: bandeja pronta ap6s congelamento ultrarapido de 24 horas;
6D: abacate ap6s liofilizagéo; 6E: pd liofilizado apos retirada das bandejas; 6F: pacotes de abacate liofilizados
embalados & vécuo.

3.3 ANALISE DA COMPOSICAO CENTESIMAL DA POLPA E IDENTIFICACAO DOS
ACIDOS GRAXOS DA POLPA E OLEO DE ABACATE

Amostras de polpa liofilizada foram submetidas a analises para determinagdo do teor de
umidade e contetido de proteinas, lipidios, fibras (solGveis e insollveis), cinzas (AOAC; 2016;
FOLCH; LESS; STANLEY, 1957) e os valores de carboidratos foram quantificados por diferencga.

A extracdo dos lipidios da polpa e do 6leo foi realizada pelo método Folch, Less e Stanley

(1957), seguido da transmetilacdo dos &cidos graxos de acordo com Hartman e Lago (1973) e
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posterior injecdo e quantificagdo dos &cidos graxos em cromatografia gasosa (McCANCE;
WIDDOWSON’S, 2002).

3.4 DETERMINACAO DO TEOR DE COMPOSTOS FENOLICOS TOTAIS, FLAVONOIDES
TOTAIS E ATIVIDADE ANTIOXIDANTE IN VITRO DO OLEO E POLPA DE ABACATE

3.4.1 Obtencéo do Extrato

Para determinacdo do teor de polifendis totais, flavonoides totais, carotenoides totais e da
atividade antioxidante in vitro (FRAP e ABTYS), o 6leo e a polpa do abacate foram submetidos a
extracdo destes constituintes bioativos.

A extracdo dos constituintes do 6leo do abacate foi realizada conforme metodologia
descrita por Parry et al. (2005) com algumas modificac¢des. Inicialmente foram pesados 1 g de 6leo
em um tubo de ensaio e adicionaram-se 3 mL de metanol a 80%. Em seguida, o tubo com a mistura
foi submetido a agitagdo em vortex por 1 minuto e, posteriormente, centrifugado (Marca Centribio
— Modelo 80-2B) a 7.546 xg por 5 minutos. Apo6s, o sobrenadante foi recolhido em frasco ambar
e armazenado em -18 °C até 0 momento das anélises. Para extracao dos seus constituintes bioativos
da polpa do abacate foi pesado um grama de polpa em um tubo de ensaio e adicionado etanol 80%
na proporcdo 1:10 (g/v). Posteriormente o tubo com a mistura foi coberto com papel aluminio,
deixado em repouso (maceracao) por 60 minutos em temperatura ambiente (23 = 1°C). Apods, a
mistura foi filtrada sendo o volume completado para 10 mL com o solvente de extracdo. O extrato
foi recolhido em frasco &mbar e armazenado em -18 °C até o momento das analises. Todas as

extracOes (6leo e polpa) foram realizadas em triplicatas.

3.4.2 Determinacédo de Compostos Fendlicos Totais

Para determinar o teor de compostos fendlicos totais do 6leo e polpa do abacate utilizou-
se metodologia descrita por Liu et al. (2002), com algumas modificacGes. Resumidamente, 250

pL de cada extrato (0leo ou polpa) foram misturados em tubo de ensaio com 1250 pL do reagente
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Folin-Ciocalteau a 10%. As solucdes foram agitadas em vortex e armazenadas em temperatura
ambiente (23 £ 1°C) na auséncia da luz por 6 minutos. Apés, foram adicionados 1000 L da
solucéo de carbonato de sodio a 7,5%. A mistura foi levada ao banho maria a uma temperatura de
50 = 1°C, durante 5 minutos. Apds, a absorbancia foi medida a 765 nm utilizando
espectrofotébmetro (BEL Photonics®, Piracicaba, Sdo Paulo, Brasil). Também foi realizado um
branco com a auséncia dos extratos para zerar o espectrofotébmetro. O contedo de compostos
fenolicos totais das amostras foi determinado utilizando uma curva padrdo preparada com acido
galico. Os resultados foram expressos em mg equivalentes de &cido galico (EAG) por cem gramas
de polpa de abacate com base no peso seco (mg EAG/100 g). Para o 6leo os resultados foram
expressos em mg equivalentes de acido galico (EAG) por cem gramas de 6leo de abacate com base
no peso (mg EAG/100 g).

3.4.3 Determinacdo de Flavonoides Totais

O teor de flavonoides totais foi determinado de acordo com o método proposto por Zhishen;
Mengcheng & Jianming (1999). Uma aliquota de 0,5 mL dos extratos do éleo e da polpa de abacate
foram adicionados a 2 mL de agua destilada em um tubo de ensaio. Em seguida, adicionou-se 150
uL de nitrito de sodio a 5%. Ap6s 5 minutos, 150 pL de cloreto de aluminio a 10% foram
adicionados e, apds 6 minutos, 1 mL de hidréxido de sodio a 1 M, seguido pela adi¢do de 1,2 mL
de &gua destilada. A absorbancia da amostra foi medida a 510 nm usando um espectrofotdmetro
(BEL Photonics, Piracicaba, Sdo Paulo, Brasil) contra um branco na auséncia dos extratos. O teor
de flavonoides totais dos extratos foi determinado usando uma curva padrdo de equivalentes de
catequina (EC). Os resultados foram expressos em mg equivalentes de catequina (EC) por cem
gramas de polpa de abacate com base no peso seco (mg EC/100 g). Para o 6leo os resultados foram
expressos em mg equivalentes de catequina (EC) por cem gramas de 6leo de abacate com base no
peso (mg EC/100 g).
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3.4.4 Determinacado de Carotendides Totais

Foram determinados pelo método de Higby (1962). Os extratos foram preparados
utilizando-se 1 g de polpa e 6leo de abacate macerados em 10 mL de hexano PA e carbonato
de calcio os quais permaneceram protegidos da luz durante 12 horas sob refrigeracdo. Em
seguida, procedeu-se a centrifugacdo a 53.664 xg durante 10 minutos, para posterior leitura em
espectrofotdbmetro a 450 nm. Os resultados foram calculados utilizando a formula: Carotenoides
totais = 42 (A450 x 100)/(250 x L x W), sendo A450 = absorbancia; L = largura da cubeta em

cm; e W = quociente entre a massa da amostra em gramas e o volume final da diluicdo em mL.

3.4.5 Atividade Antioxidante - Método FRAP

Para determinacdo da atividade antioxidante por meio da redugdo do ferro (FRAP) foi
utilizada metodologia descrita por Benzie & Strain (1999), adaptada por Pulido, Bravo e Saura-
Calixto (2000). O reagente FRAP foi preparado somente no momento da analise, através da
mistura de 11 mL de tampdo acetato (0,3 M, pH 3,6), 1,1 mL de solucédo 2,4,6-Tris (2-pyridyl)-s-
triazine (TPTZ) (10 mM em HCI 40 mM) e 1,1 mL de solugéo aquosa de cloreto férrico (20 mM).
Para a analise, 200 pL dos extratos (6leo e polpa de abacate) foram adicionados a 1800 pL do
reagente FRAP em um tubo de ensaio e levados ao banho maria a 37 °C por 30 minutos. Para cada
extrato foi realizado um branco, sem a porcao dos extratos. Apos, as absorbancias foram medidas
em espectrofotémetro (BEL Photonics®, Piracicaba, S&o Paulo, Brasil) a 593 nm. Para determinar
a atividade antioxidante (FRAP) dos extratos de 6leo e de polpa de abacate foi utilizada curva de

calibracdo com Trolox e os resultados foram expressos em pmol de trolox/g de amostra.

3.4.6 Atividade Antioxidante - Método ABTS +

O método ABTS foi realizado de acordo com a metodologia de Surveswaran et al.
(2007), com algumas modificac@es. Inicialmente, formou-se o radical ABTS atraves da reacao

da solugdo ABTS*a 7 mM com a solucdo de persulfato de potassio 140 mM incubados a
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temperatura de 25 °C, no escuro durante 12-16 horas. Uma vez formado o radical, o mesmo foi
diluido em &gua destilada até obter o valor de absorbancia de 0,800 (+0,020) a 734 nm. A partir
de cada extrato (6leo e polpa de abacate) foram preparadas quatro diluigdes diferentes, em
triplicatas. Em ambiente escuro foi transferido para um tubo de ensaio uma aliquota de 100 pL
dos extratos e adicionado 500 pL do radical ABTS. Apoés os tubos de ensaio foram mantidos
na auséncia de luz por 6 minutos. Em seguida, realizou-se a leitura a 734 nm em
espectrofotdbmetro (BEL Photonics®, Piracicaba, S&o Paulo, Brasil). Também foi feita uma
solucdo “controle” que consistiu em uma aliquota de 100 pL do solvente extrator dos extratos
adicionada de 500 pL do radical ABTS. A solugdo “branco” foi o solvente extrator de cada
extrato, utilizada para zerar o espectrofotobmetro. Como referéncia, foi utilizado o Trolox e 0s

resultados expressos em M trolox/g de amostra. Também calculou-se 0 1Csp.

3.5 ENSAIO BIOLOGICO

3.5.1 Animais e Dietas Experimentais

Fémeas primiparas da linhagem Wistar (+ 90 dias de vida/250 £ 50 g) foram obtidas do
Laboratério de Nutricdo Experimental do Departamento de Nutricdo da Universidade Federal
de Campina Grande - LANEX / UFCG e utilizadas para obtencdo de 45 ratos neonatos. O
acasalemento foi feito utilizando a proporcdo 1:2 de macho e fémeas. Apo6s confirmacdo de
prenhez, as ratas foram alojadas em gaiolas-maternidade individuais de polipropileno, em
condicBes-padrao do laboratério (temperatura média de 22 + 1 °C, umidade 65 + 5%, ciclo
claro/escuro de 12/12 horas — luz artificial das 6:00 as 18:00 horas). As ninhadas foram
padronizadas em 6 (seis) filhotes machos.

Vinte e quatro mées foram divididas de forma randomizada em trés grupos: Controle
(GC) — tratado com agua destilada; Oleo de Abacate (OA) — suplementado com 3000 mg de
6leo de abacate/kg de peso do animal e Polpa de Abacate (PA) — suplementado com 3000 mg
de polpa de abacate/kg de peso do animal. A gavagem foi administrada a partir do 7° dia de
gestacdo até 0 21° dia lactacdo (MORGANE et al., 2002; MELO et al., 2017). Foram fornecidos
racio padrio (Presence®, Paulinia, S&o Paulo, Brasil) e 4gua ad libitum. Ap6s o desmame, com

21 dias de vida, a prole passou a receber a mesma racdo padrdo ofertada as mées e esta foi
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fornecida até a fase adulta. A descrigdo dos grupos e do protocolo experimental estdo ilustrados
a sequir (Figura 7).

A dose administrada foi definida a partir do estudo realizado por Torres et al. (2016),
que utilizaram a suplementagéo de 3.000 mg de 6leo de pequi/kg de peso do animal com efeitos
antiinflamatdrios e antioxidantes.

O protocolo experimental seguiu as recomendacdes éticas do National Institute of
Health Bethesda (Bethesda, USA), com relacdo aos cuidados com animais, sendo levado em
consideragdo o bem-estar dos animais no laboratério, de modo que o sofrimento e o estresse
dos animais experimentais foram minimizados ao maximo. O presente estudo foi aprovado pela
Comisséo de Etica no Uso de Animais (CEUA) do Centro de Salde e Tecnologia Rural —
CSTR/UFCG, pelo n° 006-2017 (Anexo A).

Figura 7 - Descricdo dos grupos e protocolo experimental das maes e prole.

ACASALAMENTO E FORMACAO DOS GRUPOS

ANALISES BIOQUIMICAS (PLASMA), PERFIL DE ACIDOS GRAXOS (GORDURA
CORPORAL/LEITE MATERNO) e MDA (FIGADO)

" GRUPOS EXPERIMENTAIS
GRUPO CONTROLE \L S ; 3
Suplementacao com o6leo e polpa de abacate
—— = - —
o &
GC 3 OA PA
“Grupo Controle” “Grupo Oleo de Abacate” “Grupo Polpa de Abacate”
(Suplementacio de veiculo) (3.000 mg/kg de peso) (3.000 mg/kg de peso)
Gestacio eLactacido Gestacio e Lactacio Gestacdo e Lactacio
_________________________________ R
AVALIACAO DE PESO CORPORAL E CONSUMO / (Gestacio e Lactagdo) (n = 8) i
- l
|
MURINOMETRIA e COLETA LEITE MATERNO / (dia da eutandsia) :
‘ |
I
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|
|
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INVESTIGACAO DA MATURACAO REFLEXA E SOMATICA /(1°- 21°dia de vida) (n = 15)
- -

|
|
|
|
AVALIACAO: PESO CORPORAL, COMPRIMENTO E CONSUMO /(1°- 21°dia de vida) (n=15) |
- - i

ANALISE DO PERFIL DE ACIDOS GRAXOS DO CEREBRO /(T0, T21, T45 e T90) (n = 6) }
- - E
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|

AVALIACAO DA MEMORIA /(T45 e T90) (n = 15)
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3.6 AVALIACAO DO PESO CORPORAL E CONSUMO DE RACAO

O peso corporal e o consumo de ragdo das ratas gestantes e lactantes foram aferidos,
semanalmente, em balanga eletronica digital Balmak® (modelo ELP — 10, Santa Barbara do
Oeste/SP, Brasil), com variacdo de 20 a 10.000 g. O consumo alimentar representou a diferenca
entre a ragdo ofertada e o rejeito, seguindo a férmula: Ingestéo (g) = cota oferecida (g) - rejeicédo
limpa (g). O alimento que ndo foi consumido e permaneceu na area externa da gaiola foi
considerado como rejeito limpo (VADIVEL; PUGALENTHI, 2010).

Nas mées o peso foi registrado a partir do 1° dia de gestacdo (12, 22 e 32 semanas) até o
21° dia de lactacdo (1%, 22 e 32 semanas). O consumo, a partir do 7° dia de gestacdo ( 2% e 32
semanas) até 0 21° dia de lactacdo (12, 22 e 32 semanas). Na prole (neonatos), o peso foi registrado
diariamente, a partir do 1° dia de vida até o desmame (21° dia de vida). Apds o desmame, 0 peso
foi registrado semanalmente e o consumo registrado diariamente até a fase adolescente com 45
dias de vida (T45) e a fase adulta, com 90 dias de vida (T90). A afericdo de peso e consumo

foram realizados sempre no mesmo horario, das 10 as 12 horas da manha.

3.7 ONTOGENIA REFLEXA E MATURACAO SOMATICA DOS NEONATOS

A consolidacdo de respostas reflexas e somaticas foram pesquisadas diariamente, no
horério entre 6 e 8 horas da manha, do 1° ao 21° dia pds-natal. A resposta foi considerada
consolidada quando a reacdo esperada se repetiu por trés dias consecutivos, sendo considerado
o0 dia da consolidacéo o 1° dia do aparecimento. O tempo maximo de observagdo considerado
foi de 10 segundos, cronometrados por crondémetro digital de mio (Kenko®, Modelo KK-2808,

Sé&o Paulo, Brasil).

3.7.1 Ontogenia Reflexa

Os reflexos pesquisados seguiram o modelo experimental estabelecido por Smart e

Dobbing (1971). Foram avaliados os seguintes reflexos: a) Desaparecimento da Preenséo



45

Palmar (PP) e Aparecimentos das seguintes respostas: b) Recuperacdo Postural de Decubito
(RPD), c) Colocacéo Espacial Desencadeada Pelas Vibrissas (CPV), d) Aversao ao Precipicio
(AP), e) Geotaxia Negativa (GN), f) Resposta ao Susto (RS) e g) Recuperacao do Decubito em
Queda Livre (RDQL).

Procedimentos:

a) Desaparecimento da Preensdo Palmar (PP) — utilizando-se um bastonete metalico, com
aproximadamente, 5 cm de comprimento por 1 mm de didmetro, fez-se uma leve percussao na
palma da pata dianteira esquerda ou direita de cada animal. Em resposta, deve ocorrer a flexdo
rapida dos artelhos. Com o desenvolvimento do recém-nascido, ocorre o desaparecimento dessa
resposta;

b) Recuperacgdo Postural de Decubito (RPD) — colocou-se o animal em decubito dorsal sobre
uma superficie plana e lisa. Em resposta, deve acontecer o retorno ao decubito ventral. A
resposta foi considerada positiva quando o animal assumia o decubito ventral, apoiado sobre as
quatro patas;

c) Resposta de Colocacdo Espacial Desencadeada pelas Vibrissas (CPV) — o filhote foi
suspenso pela cauda, de tal forma que suas vibrissas tocavam levemente a borda de uma
superficie plana. Em resposta, o animal deve colocar as duas patas anteriores sobre a mesa e
realizar movimentos de marcha, associados com extenséo de tronco;

d) Averséo ao Precipicio (AP) — o animal foi colocado sobre uma superficie plana e alta
(mesa), com as patas dianteiras na extremidade da mesa, de maneira que ele detectava o
precipicio. Em resposta o0 animal deve se deslocar para um dos lados e caminhar em sentido
contrario a borda, caracterizando a aversao ao precipicio;

e) Geotaxia Negativa (GN) — o animal foi colocado no centro de uma rampa medindo 34 x 24
cm, revestida com papel antiderrapante (papel crepom), com inclinagdo aproximada de 45°,
com a cabeca na parte mais baixa da rampa. Em resposta, o animal deve a girar o corpo, em um
angulo de 180° graus, posicionando a cabeca em sentido ascendente;

f) Resposta ao Susto (RS) — o animal foi submetido a um estimulo sonoro intenso e subito,
produzido pela percussdo de um bastdo de madeira sobre um recipiente metalico (6 cm de
diametro x 1,5 cm de altura), a uma distancia aproximada de 10 cm da cabeca. Em resposta,
deve ocorrer a haver uma retracdo das patas anteriores e posteriores, com imobilizacdo rapida
e involuntaria do corpo do animal;

g) Recuperacdo do Decubito em Queda Livre (RDQL) — o animal foi segurado pelas quatro

patas, com o dorso voltado para baixo, a uma altura de 30 cm, e solto em queda livre sobre um
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leito de espuma sintética (30 x 12 cm). Em resposta, 0 animal deve recuperar o decubito durante

a queda livre caindo na superficie apoiado sobre as quatro patas.

3.7.2 Indicadores de Maturagao Somatica

A partir do 1° dia pds-natal em diante os filhotes foram examinados diariamente, sempre
no mesmo horério da avaliagdo da ontogenia reflexa, de modo a determinar o dia em que a
maturacdo somatica se completou. Para isso foram avaliadas as seguintes caracteristicas fisicas

(tomadas como indicadores de desenvolvimento somatico).

Procedimentos:

a) Abertura do Pavilhdo Auricular (APA) — normalmente, o animal nasce com o pavilhao
auditivo dobrado; portanto, o pavilh&o auricular aberto foi detectado no dia em que a dobra foi
desfeita. Nesta avaliacdo, a maturacdo foi considerada positiva quando os dois pavilhdes
estiveram desdobrados;

b) Abertura do Conduto Auditivo (ACA) — Ao nascimento, o conduto auditivo encontra-se
fechado. Considerou madura a ACA no dia em que o orificio auricular podia ser visualizado.
Nesta avaliacdo a maturacdo foi considerada positiva quando os condutos, direito e esquerdo,
encontraram-se abertos;

c) Erupcdo dos Dentes Incisivos Superiores (EIS) — foi registrado o dia em que houve a
erupc¢éo dos dentes incisivos superiores. Levou-se em consideracao a resposta positiva quando
ambos 0s incisivos estiveram expostos;

d) Erupcéo dos Dentes Incisivos Inferiores (EIl) —foi registrado o dia em que houve a erupgéo
dos dentes incisivos inferiores. Levou-se em consideracédo a resposta positiva quando ambos
estiveram expostos;

e) Abertura dos Olhos (AOL) — no rato, os olhos encontram-se totalmente encobertos pelas
palpebras, durante alguns dias ap6s o nascimento. A resposta foi considerada positiva quando
os dois olhos estiveram abertos, com presenga de movimento reflexo das palpebras;

f) Aparecimento dos Pelos Epidérmicos (APE) — os ratos nascem sem pélos, o seu
aparecimento foi confirmado quando detectado a presenca da pelugem, para tal teste deslizou-

se gentilmente uma haste plastica sobre a epiderme do animal;
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g) Comprimento da Cauda (CC) — o animal foi colocado sobre uma régua milimetrada, sendo

a cauda delicadamente mantida bem estendida, desde a base até a extremidade.

3.8 TESTES COMPORTAMENTAIS

Uma semana antes do final da adolescéncia (T45) e inicio da fase adulta (T90), foram
avaliados a memoria da prole utilizando o Teste de Habituagdo do Campo Aberto (RACHETTI
et al., 2013) e o Teste de Reconhecimento de Objetos, para avaliacdo da memaoria em curto e
longo prazo (NAVA-MESA; LAMPREA; MUNERA, 2013). Os testes foram realizados no
periodo da manhd, no horario das 6:00 as 8:00 horas. Todas as sessdes de testes
comportamentais foram filmadas com camera de videos instalada no teto e os dados
posteriormente associados e analisados como indicador dos efeitos da suplementacdo dietética

materna.

3.8.1 Avaliacdo da memoria usando o Teste de Habituagdo ao Campo Aberto

Para a avaliagdo da aprendizagem néo associativa do animal, foi realizado o Teste de
Habituacdo ao Campo Aberto com o objetivo de avaliar a capacidade de habituacdo do animal
a longo prazo. Segundo Rachetti et al. (2013), a atividade locomotora do animal no campo
aberto, esta intimamente ligada a sua capacidade de aprendizagem, assim, a habituacdo do
animal apds exposicao repetida ao campo aberto é considerado um indicativo de aprendizagem
n&o associativa.

Para concretude do teste utilizou-se a metodologia descrita por Rachetti et al. (2013). O
animal foi exposto ao campo aberto em dois momentos. Primeiro, foi realizado o teste de
habituacdo e apos 7 (sete) dias repetiu-se 0 mesmo com a finalidade intuito de comparar a
atividade locomotora dos animais para relacionar com aprendizagem nao associativa.

O parédmetro analisado na realizagdo desse teste foi a quantidade de ambulagdes dos
campos pelo animal, considerando a locomocéao das quatro patas para o interior de cada campo.
O tempo de observacdo foi de 10 minutos. O procedimento foi realizado sempre entre as 06:00

a 08:00h. No dia do experimento, 0s animais permaneceram em seus locais e s0 foram
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manipulados no momento de serem colocados no campo aberto (Figura 8) para que nao tivesse
mudanca de ambiente ou alguma alteracdo no comportamento. Posteriormente, os videos foram
analisados e as categorias comportamentais identificadas e registradas manualmente. A cada
animal testado o aparelho foi limpo, antes de iniciar e depois de concluido o teste, com solugéo
de alcool a 10% e papel absorvente.

Figura 8 - llustragdo do Campo Aberto utilizado para avaliar a ambulagdo do animal.

Fonte: Laboratorio de Nutricdo Experimental (LANEX) — Cuité/PB, Junho, 2017.

3.8.2 Avaliacdo da memoria usando Teste de Reconhecimento de Objetos

Para avaliar a memdria em curto e longo prazo foi utilizado o Teste de Reconhecimento
de Objetos (TRO) (NAVA-MESA; LAMPREA; MUNERA, 2013). O teste consiste em um
campo aberto preto (60x60x60 cm), com quatro linhas cruzadas formando 9 quadrantes de 20
x 20 cm, uniformemente iluminado e com objetos na cor preta, com formatos (piramides ou
prisma retangular) e texturas (liso ou &spero) diferentes. O teste constituiu em 4 (quatro) ensaios
de 10 minutos que aconteceu em 3 (trés) etapas: 1) Dia 1 — habituacdo durante 10 minutos para
minimizar o estresse da manipulacdo; 2) Dia 2 — realizado 24 h apds o ensaio de habituacao
onde cada animal foi colocado no campo aberto contendo dois objetos: objeto familiar 1 (OF1)
e objeto familiar 2 (OF2) de textura idéntica (lisa), mas com formatos diferentes (tridngulo e
prisma retangular) e localizados perto de dois cantos opostos escolhidos aleatoriamente. Para

mensuracao da memoria a curto prazo, uma hora ap6s, o animal foi colocado novamente para
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exploracado de dois objetos (OF1 em sua localiza¢do original e um novo objeto - ON1), de forma
idéntica, mas com diferente textura em relacdo ao OF1 e localizado no local onde OF2 tinha
sido colocado durante o ensaio amostral; e 3) Dia 3 — realizado 23 h ap0s o0 ensaio curta duragdo
onde cada animal foi colocado no campo aberto para explorar dois objetos (OF2 em seu lugar
original) e um novo objeto (ON2), de forma idéntica, mas com diferente textura (Figura 9).

Figura 9 - Desenho experimental adaptado do Teste de Reconhecimento de Objetos (TRO).

DIA1 DIA 2 DIA 3

HER | [ |
EEE =) BEE =) BEE =) BEE
EEE (NN -DEN -OEN

Teste de Memoria Teste de Memoria

Habituagio Ensaio
a Curto Prazo a Longo Praze

Fonte: adaptado de Nava-Mesa; Lamprea; Munera (2013).

Para avaliagdo da memoria & curto prazo foi observado o tempo gasto pelo animal para
explorar o objeto novo de textura diferente (ON1) e para avaliagdo da memoria a longo prazo
foi observado o tempo gasto pelo animal para explorar o objeto novo de textura diferente (ON2),
24 h apds a primeira exposicdo, no dia 3. As sessdes foram filmadas com uma camera de video
e a cada animal testado o aparelho foi limpo, antes de iniciar e depois de concluido o teste, com
solucdo de alcool a 10%. O resultado da taxa de exploracdo foi calculado para cada animal e
expresso pela razdo TN/(TF + TN) (TN = tempo gasto explorando o objeto novo; TF = tempo
gasto explorando o objeto familiar (GUSTAVSSON et al., 2010; D’AVILA, 2017).

3.9 AVALIACAO MURINOMETRICA

No ultimo dia de experimento, ap6s 0 desmame para as lactantes e apds os testes
comportamentais para a prole (T45 e T90), os animais foram anestesiados por via intramuscular
com uma mistura de Cloridrato de Ketamina + Cloridrato de Xilasina (1 mg/kg de peso do
animal), que correspondeu a uma dose de 50 mg/kg de peso de Cloridrato de Ketamina e 20

mg/kg de peso de Cloridrato de Xilasina. Apés anestesia foram aferidos o Peso corporal,
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Comprimento naso-anal, Comprimento da cauda, Circunferéncias abdominal (CA), Torécica
(CT) e calculado o indice de Massa Corporal (IMC) (NOVELLI et al., 2007).

3.10 EUTANASIA, PESO DOS ORGAOS E PREPARACAO DOS TECIDOS

Sob anestesia, 0 sangue foi coletado por puncéo cardiaca e utilizado para determinacGes
bioquimicas. Em seguida, foram retirados e pesados, o cérebro e o figado. O hemisfério
esquerdo do cérebro da prole e parte do figado das mées foram divididos em porcdes para
analise de gorduras totais e composicdo de acidos graxos. Para analise do conteldo de
malonaldeido (MDA) no figado das maes os tecidos foram divididos manualmente em tiras,
com a utilizacdo de uma lamina de bisturi. Do cérebro utilizou-se o hemisfério esquerdo e do
figado, o maior lobo. No figado foram feitos cortes longitudinais no sentido antero-posterior.
Os tecidos foram imediatamente pesados e colocados em uma superficie com gelo e em seguida

foram mantidos em - 80 °C até o momento das analises.

3.11 ANALISE DO CONTEUDO LIPIDICO E PERFIL DE ACIDOS GRAXOS TECIDUAIS
E DO LEITE MATERNO

Nas maes, no ultimo dia da lactacdo, para analise do contetdo lipidico, o leite materno
foi coletado e apds eutanasia foram retiradas amostras do figado. Da prole, para analise do
conteudo lipidico e perfil de acidos graxos, foram etirados e ranalisados os cérebros no primeiro
dia de vida (T0), ao desmame (T21), aos 45 (T45) e 90 dias de vida (T90). Todos os tecidos
ficaram armazenados a - 20°C até o momento das analises.

O leite materno foi obtido no 21° dia de lactacédo, apos jejum de 8 horas. As mées foram
anestesiadas com uma mistura de Cloridrato de Ketamina + Cloridrato de Xilasina (1 mg/kg de
peso do animal), que correspondeu a uma dose de 50 mg/kg de peso de Cloridrato de Ketamina
e 20 mg/kg de peso de Cloridrato de Xilasina, e o leite materno coletado por ordenha manual,
de acordo com metodologia adaptada de Keen et al. (1981). As mées foram separadas de sua

prole por um periodo de 1 hora antes da ordenha e 5 minutos antes da mesma receberem injecao
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intraperitoneal de 0,30 mL de ocitocina. A ordenha manual durou cerca de 20 a 30 minutos e 0

leite coletado foi acondicionado em um microtubo e, posteriormente, congelado em — 20 ° C.

3.11.1 Teor de Gordura

Foram pesados 2 g de cada amostra em béquer de 50 mL (amostra Umida) e adicionado
30 mL da mistura cloroférmio:metanol (2:1). Apds essa adigdo, foi feita a transferéncia do
contetdo para um recipiente de vidro fundo com as laterais cobertas com papel aluminio e foi
feita a agitacdo por 2 minutos com auxilio do triturador. O triturado foi filtrado em papel de
filtro qualitativo para uma proveta de 100 mL com boca esmerilhada. Em seguida, as paredes
do recipiente foram lavadas com mais 10 mL da mistura cloroférmio:metanol que também foi
filtrado junto com o volume anterior. Com a proveta tampada, foi anotado o volume do extrato
filtrado da proveta e, posteriormente foi adicionado 20% do volume final do extrato filtrado, de
sulfato de sddio a 1,5%. Em seguida, a proveta foi fechada, a mistura agitada e se deixou separar
as fases. Observou-se que a fase superior ficou com aproximadamente 40% e a inferior com
60% do volume total. O volume da fase inferior foi anotado e, em seguida, a fase superior foi
descartada por succdo com pipeta graduada. Para quantificacao dos lipidios, foi tomada uma
aliquota de 5 mL do extrato (fase inferior) com pipeta volumeétrica e transferida para um béquer
previamente tarado. Esse béquer foi posto em estufa a 105 °C para que a mistura de solventes
fosse evaporada, tendo cuidado para que a gordura ndo fosse degradada pelo calor. Aguardou-
se o resfriamento em dessecador, o béquer foi pesado e obteve-se, por diferenca, o peso do
residuo de gordura (FOLCH; LESS; STANLEY, 1957).

3.11.2 Transesterificacdo de &cidos graxos

No tratamento das amostras, a metilagdo dos &cidos graxos presentes nos extratos
lipidicos foi realizada seguindo a metodologia descrita por Hartman e Lago (1973). Tomou-se
uma aliquota do extrato lipidico, calculada para cada amostra, de acordo com a concentracao
de gordura encontrada na quantificacao lipidica, realizada pelo método de Folch, Less e Stanley

(1957), adicionando-se 1 mL do padréo interno (C19:0) e a solucédo de saponificacdo (KOH).
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Posteriormente, essa solucdo foi levada para aquecimento em refluxo por 4 minutos.
Imediatamente apos esse tempo, foi adicionada a solucdo de esterificacdo, deixando a solucao
por mais 3 minutos em aquecimento e refluxo. Logo apds, deixou-se a amostra esfriar para as
subsequentes lavagens com éter, hexano e agua destilada, obtendo-se, ao final, um extrato (com
os ésteres metilicos e os solventes), que foi acondicionado em vidro ambar, devidamente
codificado até secagem completa dos solventes. Apos a secagem, fez-se a suspensdo em 1 ml

de hexano e o acondicionamento no vial.

3.11.3 Anélise em cromatografia gasosa

Foi utilizado um cromatografo gasoso (VARIAN 430-GC, Califérnia, EUA), acoplado
com coluna capilar de silica fundida (CP WAX 52 CB, VARIAN, Califérnia, EUA) com
dimens@es de 60 mm x 0,25 mm e 0,25 pm de espessura do filme. Foi utilizado o hélio como
gas de arraste (vazdo de 1mL/min). A temperatura inicial do forno foi de 100 °C, com
programagdo para atingir 240 °C, aumentando 2,5 °C por minuto, permanecendo por 30
minutos, totalizando 86 minutos de corrida. A temperatura do injetor foi mantida em 250 °C e
a do detector em 260 °C. Aliquotas de 32 e 1,0 uL do extrato esterificado foram injetadas em
injetor tipo Split/Splitless. Os cromatogramas foram registrados em software tipo Galaxie
Chromatography Data System. Os resultados dos &cidos graxos foram quantificados por

integracdo das areas dos ésteres metilicos e expressos em percentual de area.

3.12 ANALISES BIOQUIMICAS

O sangue das lactantes, apos coletado, foi centrifugado a 7546 xg por 10 min (Centribio,
modelo 80-2B, China) e o sobrenadante utilizado para dosar o colesterol total, HDL-colesterol,
LDL-colesterol, triglicerideos, aspartato aminotransferase (AST) e alanina aminotransferase
(ALT), utilizando o conjunto de diagnosticos Labtest (Minas Gerais, Brasil): Colesterol
Liquiform®, HDL- Liquiform®, Triglicérides Liquiform® A leitura foi realizada em
espectrofotébmetro (UV-VIS, modelo 5100, China) utilizando absorbancia especifica para cada
teste (500nm — Colesterol Total e HDL / 505 nm - Glicemia, Triglicerideos, AST e ALT).x



53

A concentragdo da fragdo de colesterol LDL foi calculada utilizando-se a férmula de
Friedewald (LDL = COLEST TOTAL - (HDL + TG/5)) (FRIEDEWALD, 1972). O indice
aterogénico (IA) foi calculado segundo a equagéo: IA = TGC/HDL-C (GAZIANO et al., 1997).

3.13 MARCADOR DA PEROXIDACAO LIPIDICA HEPATICA

3.13.1 Malonaldeido (MDA)

A determinacdo do conteudo de MDA foi realizada pelo método descrito por Esterbauer
e Cheeseman (1990). Apos fragmentacgdo do figado, uma tira de cada tecido foi separada para
esta analise, colocada em microtubo de 2,0 mL e levada ao congelamento a uma temperatura
de - 80 °C. Para iniciar a determinacdo do MDA, as amostras do tecido foram descongeladas e
posteriormente pesadas. Mediante o peso foi calculada a quantidade de tampdao Tris HCI para
cada amostra, utilizando-se a proporcao de 1:5 (p/v). O tecido foi picado com uma tesoura por,
aproximadamente 15 segundos, em meio resfriado. O material fragmentado foi triturado e
homogeneizado a frio, sob agdo de um triturador (Ultra Stirrer®, Modelo: Ultra 80, ), e a ele
adicionado o tampéo Tris HCI. O homogenato obtido foi centrifugado a 2500 xg por 10 min a
4 °C e 300 uL do sobrenadante foi transferido para um microtubo, sendo adicionados 750 pL
do reativo cromogénico e 225 pl de acido cloridrico (HCI — 37%). Em seguida, o material foi
colocado em banho-maria com agitacdo a 45 °C, durante 40 min e, posteriormente, levado a
uma centrifugacdo a 2500 xg durante 5 min a 4 °C. Do sobrenadante, 300 pL foi transferido
para microplaca de 96 pocos, em duplicata, e levado para leitor de microplacas (Polaris, Belo
Horizonte, Minas Gerais, Brasil) a um comprimento de onda de 586 nm. O contedo de MDA
foi calculado através de interpolacdo em curva padrdo com o 1,1,3,3 —tetraetoxipropano, o qual
foi hidrolisado durante o passo de incubacdo com HCI a 45 °C, gerando o MDA. Os resultados

foram expressos em nmoL/g tecido.

3.14 ANALISES ESTATISTICAS

Os resultados foram expressos em média + desvio padréo (DP) ou erro padrdo da media
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(EPM) e analisados pelo ANOVA One Way, seguido de teste de Tukey, para comparacao entre
0s grupos. Porém, os resultados da ontogenia reflexa e deseonvolvimento somatico foram
expressos em valores de mediana do dia (Min-Max) e analisados por Kruskal-Wallis seguido
de Teste de Dunn’s. Foi considerado o nivel de significancia para rejeicdo da hipdtese nula de
p<0,05.
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4 RESULTADOS

Os resultados obtidos nesta tese estéo apresentados em forma de dois Artigos Cientificos
originais que foram submetidos a periddicos de alto fator de impacto.

ARTIGO I: Biochemical profiles and hepatic lipid peroxidation of lactating rats supplemented
with avocado.

(Submetido ao periodico: American Journal of Osbtetrics & Ginecology. Fator de impacto:
5.73 - Qualis Al)

ARTIGO II: Maternal Supplementation with avocado (Persea americana Mill.) Pulp and Oil
Alters Reflex Maturation, Physical Development, and Offspring Memory in Rats.

(Publicado no periddico: Frontiers in Neuroscience. Fator de impacto: 3.56 - Qualis A1)
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ARTIGO |
BIOCHEMICAL PROFILES AND HEPATIC LIPID PEROXIDATION OF LACTATING
RATS SUPPLEMENTED WITH AVOCADO
(Submetido ao periodico: American Journal of Osbtetrics & Ginecology.
Fator de impacto: 5.73 - Qualis: Al)
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Abstract

Background: Nutrition can influence the maintenance of healthy nutrient transport necessary
for optimal fetal development. It has long term implications for maternal health, pregnancy
outcomes, and metabolic disease risks. Avocado (Persea americana Mill.), an oleaginous fruit

source of fatty acids and phytochemicals present various metabolic effects.

Objective: The objective of this study was to evaluate the impact of supplementation with
avocado oil and pulp on murinometric and biochemical parameters, on retroperitoneal fat, and

lipid peroxidation in lactating dams.

Materials and Methods: The rats were randomly divided into three groups (n = 8 dams/group)
in accordance with gavage supplementation during gestation and lactation: Control group (CG)
- distilled water; Avocado Oil group (AO) - 3000 mg avocado oil/kg animal weight, and
Avocado Pulp group (AP) - 3000 mg avocado pulp/kg animal weight. Food intake, body weight,
length, BMI, abdominal and thoracic circumference, organ and adipose tissue weights, and liver
and breast milk lipid percentages were evaluated. Glycemia levels (GLIC), triglicerides (TGC),
total cholesterol (TC), low density lipoprotein (LDL), high density lipoprotein (HDL), glutamic
oxalacetic transaminase (AST), glutamic pyruvic transaminase (ALT) and atherogenic index
(1A) were evaluated. Hepatic malonaldehyde (MDA) was also analyzed. The results were

analyzed and significant differences considered at p <0.05.

Results: The AO and AP lactating dams presented reductions in food intake during gestation
and lactation, with no change in body weight (p <0.05). The murine parameters and the weights
of the organs presented no significant differences (p>0.05). Mesenteric fat increased in the AO
as compared to the AP and CG dams (p <0.05). Retroperitoneal fat decreased in the AP and AO
dams as compared to the CG, however, the AP group presented a greater reduction than the AO
group (p <0.05). Both the pulp and oil groups presented reductions in GLIC, TGC, LDL, AST,
and ALT biochemical parameters (p <0.05). In the AO and AP groups HDL increased and Al
decreased, with a reduction hepatic MDA as well (p <0.05).

Conclusions: Maternal avocado supplementation maximized lipidic modulation throughout
lactation, with positive results towards maintaining maternal health and reducing the risk of

metabolic disease.



78

Keywords: Persea americana; lactating dams; murineometry; atherogenic index; lipid

peroxidation.



79

Introduction

Nutrition is essential for the maintenance of maternal peri- and postnatal health.'? The maternal
nutritional environment influences conception, maintenance of a healthy pregnancy, the
transport of nutrients necessary for optimal fetal development,®# and has long term implications
for maternal and offspring health and metabolic disease risks.>®

During gestation, to supply fetal development, there is an increase in energy demand and an
increase in nutritional requirements.® In the early stages, metabolic adaptations are triggered in
response to lipid demands and increased fat storage in maternal adipose tissue.'® The last
trimester is characterized by a catabolic state, where greater lipolysis entails and accumulated
maternal fat becomes available for placental transfer in order to satisfy fetal fatty acid

demands®. In this period, there is an increase in circulating plasma lipids.1>1314

The lactation period also presents increased nutritional requirements with metabolic increases, *®
where substrates such as glucose, amino acids, triglycerides, and fatty acids are transported to
the mammary glands from the tissue reserves. In this period, changes in the lipidic sources of
the maternal diet cause important alterations in the total lipid content and maternal biochemical
profile.'2® Authors claim that lactation is a period in which a resetting of the alterations of lipid
profile of pregnancy can occur, and this phenomenon is necessary for lowering the risk of future

metabolic diseases development, such as cardiovascular diseases and metabolic syndrome.61!

Supplementation with differing lipid sources may have various consequences for maternal
health.}*® Avocado (Persea americana Mill.) has been noted, and is considered important?
for its nutritive and bioactive components (phenolic compounds, phytosterols, and
carotenoids).?»?> The many lipids an be extracted from the fruit, which contains in its
composition an important quantity of oleic (0-9) and palmitic (w-7), polyunsaturated fatty acid
linoleic fatty acid (-6) and a lesser quantity of linolenic (©-3).23?? Several studies point to the
hypolipidemic, hypoglycemic, anti-obesity, cardioprotective and antioxidant effects of
avocado.?*?® Given the nutritional quality of avocado, being a vegetable source, and the lack
of information in the literature on the effects of avocado supplementation on maternal
metabolism, we hypothesized that supplementation with avocado oil and/or pulp during
gestation and lactation may benefit maternal health without altering physical parameters,
improve body deposits while protecting the liver against lipid peroxidation towards the end of

lactation. The objective of this study was to evaluate the impact of maternal supplementation
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with avocado oil and/or pulp during gestation and lactation on biochemical parameters, visceral

fat, and hepatic lipid peroxidation.

Materials and Methods
Animals

Female primiparous Wistar rats (90 days of life/250 + 50g) were obtained from the Laboratory
of Experimental Nutrition, at the Campina Grande Federal University, (Nutrition Department)
- LANEX/UFCG. The research complied with the ethical recommendations of the National
Institute of Health (Bethesda, USA) regarding animal care, and was submitted and approved by
the Ethics Committee on Animal Use (CEUA) at the Center for Health and Rural Technology
- CSTR/UFCG, under protocol N° 006-2017.

After confirming pregnancy, the rats were housed in individual polypropylene maternity cages
under standard laboratory conditions (mean temperature 22 =+ 1°C, humidity 65 + 5%, light/dark
cycle 12/12 hours - artificial light from 6:00 am to 6:00 pm), and randomly divided into three
groups.

Twenty-four dams were randomized into three groups: Control group (CG) - administered
distilled water; Avocado Oil group (AO) - supplemented with 3000 mg of avocado oil/kg of
animal weight, and Avocado Pulp group (AP) - supplemented with 3000 mg of avocado pulp/kg
of animal weight. The gavage was administered from the 7th day of gestation until the 21st day
of lactation. Standard feed (Presence®) and water ad libitum were provided. The experimental

design is detailed in Figure 1.

) Gestation 1 Lactation .

| ir ' QT :

I = Murineometry '

{D)g i 14 241 2.:' | - Blood colletction; i

| . . .

. ) . " || - Dissection (fat, liver). |

Mating Early Gavage Birth Weaning/ Euthanasia|!
_______ Food consumption record !
P T T T T T

. Groups: Control (CG), Avocado Qil (AO), Avocado Pulp (AP)

Figure 1. Experimental protocol. Sequence of experimental days conducted with Wistar rats treated during
gestation and lactation, with water (CG), avocado oil (AO) or avocado pulp (AP).
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Avocado Oil and Lyophilized Powder Preparation

Avocados (Persea americana Mill.) of the Hass variety were obtained from the Fazenda
Jaguacy Avocado Brasil®, located in the Bauru municipality, of S&o Paulo; geographically at
latitude 22°19°18°"S, and longitude 49°04°13" "W, and 526 m of altitude. The fruits obtained
were used to extract both the oil and lyophilized pulp powder. The oil was extracted from the
avocado pulp using a three-phase centrifuge (Gratt Centrifuge model GMT 400), at a rotation
of 3500 rpm. Afterwards, the oil, water and solids were separated. The oil phase then decantered
and filter pressed (Ecirtec - model FPE 25/10), and subsequently packaged. Part of the fruit was
used to extract oil and another part was lyophilized to obtain pulp powder. The lyophilized

powder was vacuum packed, and stored at —20-C.

Centesimal Composition: Analysis of Avocado Pulp

Samples of the lyophilized pulp were submitted to analysis to determine the moisture together
with protein, lipid, fiber, and ash contents.?”?® Carbohydrate values were quantified by
difference (Table 1).

Table 1. Centesimal composition of the lyophilized avocado pulp (Persea americana Mill.)

(Hass variety).

100g™* pulp
Humidity 2.28 (£ 0.30)
Proteins 5.74 (£ 0.04)
Lipids 61.78 (+ 0.95)
Carbohydrates 4.28 (+ 0.00)
Total Fibers 20.98 (+ 0.04)
Insoluble fiber 14.23 (£ 0.00)
Soluble fiber 6.75 (x 0.04)
Ash 9.35 (+ 0.55)
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Experimental Procedures

Body Weight and Feed Consumption

Body weight and feed intake were recorded daily using a Balmak ® Digital Electronic Scale
(model ELP - 10), (20 to 10,000 g). Consumption was calculated as the difference of the
quantity offered, and the feed rejected. The weight was recorded from the 1st day of gestation
(1st, 2nd and 3rd weeks) until the 21st day of lactation (1st, 2nd and 3rd weeks). Consumption
was recorded from the 7th day of gestation (2nd and 3rd weeks) until the 21st day of lactation
(1st, 2nd and 3rd weeks).

Birth Parameters

One day after delivery, the litters were carefully manipulated and the total number of pups born,
number of live and dead puppies, total litter weight and number of male and female pups

quantified.

Milk Collection

On the 21st day of lactation, after an 8-hour fast, the dams were anesthetized intramuscularly
with Ketamine Hydrochloride (50 mg/kg body weight) + Xilasine Hydrochloride (10 mg/kg
body weight); and the breast milk collected manually, according to a methodology adapted from
Keen et al.?® Dams were separated from their offspring for 1 hour prior to milking and 5 minutes
before milking received intraperitoneal injection of 3 IU oxytocin. The manual milking lasted

about 20 to 30 min and the milk collected was packed into microtubes and frozen at -20° C.

Murinometric Parameters: Weight of Organs and Adipose Tissue

The murine parameters were performed shortly after milking, with the rats anesthetized. Body
weight (PC), nasal-anal length (ANC), abdominal circumference (CA), and thoracic
circumference (CT) were measured. PC and ANC data were later used to calculate Body Mass
Index - BMI = body weight/compaction? (cm?)%.

After euthanasia, the liver, brain, mesenteric adipose and retroperitoneal tissues were resected
and weighed. The amount of total visceral fat was calculated by summing the mesenteric and

retroperitoneal fat weights.
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Lipid Extraction

Liver lipids and breast milk lipids percentage were performed by lipid extraction method.?®
Two (2) g of each sample were weighed in a 50 ml beaker (wet sample) and added to 30 ml of
a chloroform:methanol mixture (2:1). The content was then transferred to a deep glass container
with the sides covered with aluminum foil and stirred for 2 min in a grinder. The triturate was
filtered through qualitative filter paper into a 100 ml graduated cylinder with a polished mouth.
The walls were then washed with an additional 10 ml of chloroform:methanol which was also
filtered with the previous volume. The volume of the filtered extract of the graduated cylinder
was recorded with the cylinder closed. Of the final filtered extract volume 20% was added to
1.5% sodium sulfate. Then, the mixture was stirred with the graduated cylinder closed and time
was given for the phases to separate. It was observed that the upper phase was approximately
40%, and the bottom phase 60% of the total volume. The volume of the lower phase was
recorded and then the upper phase was discarded by suction with a graduated pipette. Lipid
quantification was done using an aliquot extract of 5 ml (lower phase) separated with a
volumetric pipette and transferred to a previously weighed beaker. This beaker was placed in
an oven at 105°C for the solvent mixture to evaporate, being careful that the fat would not be
degraded by heat. After cooling in a desiccator, the beaker was weighed, and the fat residue

weight was obtained from the difference.

Biochemical Profile Determination

The anesthetized animals’ blood was collected by cardiac puncture. Blood samples were
centrifuged at 7546 xg for 10 min. Serum was collected in microtubes and frozen at -20 °C for
analysis of glycemia, triglycerides (TGC), total cholesterol, HDL cholesterol, aspartate
aminotransferase (AST), and alanine aminotransferase (ALT) using LABTEST® enzymatic
Kits. The reading was performed on a UV-VIS spectrophotometer model 5100 using specific
absorbance for each test, as indicated by the kit manufacturer. The concentration of the LDL
cholesterol fraction was calculated using the Friedewald formula (LDL = TOTAL
CHOLESTEROL - (HDL + TGC/5)).%! Determination of the atherogenic index (I1A) was
calculated according to the equation: IA = TGC/HDL.*
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Malonaldehyde Levels (MDA)

Liver samples were suspended in 1:5 (w/v) TrisHCL buffer and scissor diced for approximately
15 sec in a cooled medium. The suspension was homogenized for 2 min with an automatic
homogenizer and centrifuged at 2500 xg and 4°C for 10 min.3® The supernatants were used to
determine the MDA content and the results were expressed as MDA nmol/g tissue.

Statistical Analysis

The results are expressed as mean + standard deviation from the mean (SD). For statistical
analysis, ANOVA One Way test was used, followed by the Tukey test for comparison between

groups. Significant statistical differences were considered when p <0.05.

Results

Body Weight and Weekly Consumption

For weekly body weight measurements of the pregnant and lactating females; no significant

differences were observed between the groups (p > 0.05) (Figure 2).
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Figure 2. Body weight during pregnancy (2A) and lactation (2B). Results are expressed as mean + standard
error of the mean (SEM) (n = 8 per group). CG: control group; AO: avocado oil group; AP: avocado pulp
group. SW: Starting weight. One-Way ANOVA followed by Tukey's test (p <0.05).

Regarding food intake during gestation (Figure 3, A), dams in the AP group (141.5 + 2.83)
presented lower intake in the second week compared to CG (159.75 + 4.79) and in the third
week (p <0.05), AP intake was the lower (169.4 + 6.18), compared to the AO (186.40 + 3.14)
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and CG (184.85 + 3.89). The oil supplemented dams did not present significant differences
when compared to the control dams in this period (p <0.05).

During lactation, respectively in the first and second weeks, the AP dams (168.4 + 4.10, 311.10
* 6.12) presented lower consumption in relation to CG (212.17 + 1.82, 380.17 + 6.76) and to
AO (206.50 + 3.87, 342.00 = 5.88). The dams who consumed oil (AO) (342.00 + 5.88)
presented reduced consumption in relation to CG (380.17 £ 6.76) in the second week (only) (p
<0.05) (Figure 3, B). No significant differences were observed in the third week of lactation

between the groups (p > 0.05).
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Figure 3. Weekly consumption during pregnancy (3A) and lactation (3B). Results are expressed as mean £
standard error of the mean (SEM) (n = 8 per group). (*) indicates difference versus CG; (#) indicates
difference versus AO (One-Way ANOVA followed by Tukey) (p <0.05). CG: control group; AO: avocado oil
group; AP: avocado pulp group.

Birth Parameters

There was no significant difference in the birth rate between the groups evaluated (p > 0.05)
(Table 2).

Table 2. Birth rates of dams supplemented with oil or avocado pulp.

GROUPS CONTROL OlIL PULP
BIRTH PARAMETERS
Number of live born 10.43 +£2.23 10.67 £ 3.78 10.80 £ 2.44
Number of live born puppies 10.43 +2.23 10.67 + 3.78 10.40 £ 2.50
Number of dead born puppies - - 0.40£0.70
Number of male puppies 6.00 £ 2.00 6.67 £ 2.25 530+1.70
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Number of female puppies

443 +1.62

4.00 +2.00

5.40+1.17

Litter weight (g)

0.067 +0.01

0.070 +0.01

0.063 = 0.02

e Results are expressed as mean * standard deviation (SD) (n = 8 per group).

e CG: control group; AO: avocado oil group; AP: avocado pulp group.

e One-Way ANOVA followed by Tukey (p <0.05).
Murinometric Parameters: Weight of organs and adipose tissue

On the day of weaning, the murine parameters and organs weight did not differ significantly
between the CG, AO and AP groups (p > 0.05) (Table 3). For retroperitoneal fat, both AP and

AO presented decreases compared to CG (p <0.05), AO dams presented increased mesenteric
fat as compared to CG and AP (p <0.05).

Summing both: mesentery and retroperitoneal fat (visceral fat), the AP and AP dams presented

a decrease from the CG (p <0.05).

Table 3. Murinometric Parameters, organ and adipose tissue weight of lactating dams treated

with avocado oil or pulp.

Groups

CG AO AP
Murinometric parameters
Weight at the end of lactation (g) 245.8+5.08 | 244.86+5.60 | 253.11+6.51
BMI (g/cm?) 0.57+0.01 0.59 £ 0.02 0.61£0.01
AC (cm) 15.20+0.47 15.31+0.31 15.00+0.31
TC (cm) 13.75+0.48 13.25+0.19 13.00 £ 0.19
Organs weight
Liver (g) 9.91+£0.20 10.72+0.94 11.29+0.33
Brain (g) 1.68 £ 0.03 1.78 £ 0.02 1.74 £ 0.05
Adipose tissue
Mesenteric Fat (g) 3.52+£0.36 4.81+0.57" 3.07 + 0.41%
Retroperitoneal Fat (g) 4.31+0.83 1.85+0.42" 1.32+0.917
Visceral Fat (g) 7.75 +0.73 6.36 £ 0.06" 5.51+1.41"

e Data are mean = SD values (n = 8 per treatment group).
e (*) indicates difference versus CG; (#) indicates difference versus AO (One-Way
ANOVA followed by Tukey) (p <0.05).
e CG: control group; AO: avocado oil group; AP: avocado pulp group. BMI: Body mass
index; AC: Abdominal circumference; TC: Thoracic circumference.
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Lipid Percentages for Liver and Breast Milk

The liver lipidic percentage the AO and AP dams was significantly higher than for the control
dams (p <0.05).

As for the dams’ maternal milk: AO (20.12 + 1.67) and AP (21.76 = 0.60), they presented higher
lipid content as compared to CG (16.80 £ 0.19), yet the the AP group presented a higher
percentage than the AO group (p <0.05) (Table 4).

Table 4. Lipid percentage for livers and breast milk of dams treated with avocado oil or pulp
during gestation and lactation.

Groups
Lipidic Percentage (%0) CG AO AP
Liver 1.88 £0.39 2.74 +0.49" 2.84+0.35"
Maternal milk 16.80 +0.19 20.12 + 1.67" 21.76 +0.60™

e The results are expressed as mean * standard deviation (SD) (n = 8 per group).

e (*) Indicates difference versus CG; (#) indicates difference versus AO (One-Way
ANOVA followed by Tukey’s test) (p <0.05).

e CG: control group, AO: avocado oil group, AP: avocado pulp group.

Biochemical Analyses

There was a significant decrease in the glycemia of the AO (152.72 + 5.73) and AP dams
(157.22 £ 16.37) when compared to the CG dams (216.49 = 6.73) (p <0.05) (Figure 4, A). The
triglycerides presented reduced levels for AP (33.30 + 3.90) in relation to AO dams (58.54 +
3.62) and CG (61.25 + 3.62) (p <0.05) (Figure 4, B). There was no significant difference in
total cholesterol levels between the three groups (p <0.05) (Figure 4, C). However, increased
values for HDL cholesterol were presented in the AO (41.77 + 2.11) and AP (40.95 £ 2.92)
dams as compared to the CG dams (30.74 + 3.12) (p <0, 05) (Figure, 4D). Consequently, the
LDL cholesterol fractions in the two treatments, AO (15.77 + 2.66) and AP dams (11.59 + 0.96)
were reduced as compared to CG dams (24.29 + 3.32), yet AP levels were still lower when
compared to AO (p <0.05) (Figure, 4E).

The Atherogenic Index (TGC/HDL) was also reduced in AO (1.57 £ 0.08) and AP dams (1.32
+ 0.12) compared to the control dams, CG (2.14 + 0.27) (p <0.05) (Figure, 4F).

The AST and ALT values were lower in AO (190.52 + 3.38; 65.24 + 4.86) and AP (194.58 +
3.40; 59.56 + 0.92) dams as compared to CG (215.61 + 2.10; 93.95 + 4.72) (p <0.05) (Figure
4, G-H).
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Figure 4. Biochemical parameters at the end of lactation of rats treated with avocado oil or pulp during
pregnancy and lactation. 4A: Glycemia; 4B: Triglyceride; 4C: Total cholesterol; 4D: HDL cholesterol -

(HDL-c); 4E: LDL cholesterol (LDL); 4F: Atherogenic Index (IA); 4G: Aspartate aminotransterase
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(AST); 4H: Alanine aminotransferase (ALT). Results were expressed as mean 1 standard error of the
mean (SEM) (n = 8 per group). (*) indicates difference (p <0.05) versus CG; (#) indicates difference
(p <0.05) versus AO (One-Way ANOVA followed by Tukey) (p <0.05). CG: control group; AO:
avocado oil group; AP: avocado pulp group.

Hepatic MDA Levels

The lipid peroxidation in the livers of the lactating dams, as determined by the MDA content
(Figure 5), presented low levels in the dams who consumed pulp (AP 79.54 + 11.66) and oil
(AO 97.09 + 10.11) as compared to the control group (CG 145.90 + 12.62) (p <0.05). The AP
group also presented significantly lower values in relation to AO (p <0.05).

200+
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Figure 5. MDA levels in the liver of dams treated with avocado oil or pulp during pregnancy and lactation.
Data expressed as mean + standard error of the mean (SEM) (n = 8 per group). (*) indicates difference (p
<0.05) versus CG; (#) indicates difference (p <0.05) versus AO (One-Way ANOVA followed by Tukey'’s test)
(p <0.05). CG: control group; AO: avocado oil group; AP: avocado pulp group.

Comment
Principal findings

The results of the present study demonstrate that supplementation with avocado oil and
pulp during gestation and lactation promotes significant alterations in dietary intake, and
improvements in biochemical plasma profiles for glycemia, triglycerides, cholesterol fractions,
AST and ALT, and for liver malonaldehyde levels (MDA) of the lactating dams.

Preliminary results from our study indicated that avocado oil and pulp are sources of
oleic monounsaturated fatty acids (CI18:1, ®-9), palmitoleic (Cl16:1, ®-7), linoleic

polyunsaturates (C18: 2, w-6), and linolenic (C18:3, w-3), with oleic monounsaturated fatty
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acids presenting the highest content. It also has phenolic compounds, flavonoids, and
carotenoids; with high antioxidant activity, being that the pulp presents higher values than the

oil?.

Results of the study in the context of other observations

During the perinatal phase maternal physiological changes support fetal growth and
development. In lactation, a resetting of the alterations of lipid profile of pregnancy can occur,
and this phenomenon is necessary for lowering the risk of future metabolic diseases
development, such as cardiovascular diseases and metabolic syndrome.'®!! Adequate feeding

at this stage may help reduce the risk of maternal metabolic diseases.

The increase of maternal body weight during pregnancy is physiological and decreases
at postpartum occur due to energy transfer for breastfeeding.® In our study, supplementation
with avocado oil (AO) and pulp (AP) did not induce changes in maternal body weight in any
of the phases studied. Our findings corroborate those of Mennitti et al.®, where rats treated with
diets from different lipid sources (soybean oil, lard, hydrogenated vegetable fat, or fish oil)
during gestation and lactation presented no changes in weight by the end of lactation. Other
high lipid diets (HFD) and differing fatty acid profiles in the maternal diet using either fish and
olive 0ils®® or olive oil alone® also did not promote differences in weight. However, the animals
treated with olive oil presented reduced food consumption,® this, as well as the animals treated
with avocado oil or pulp, in the present research. This may be justified by the fact that the
animals tend to decrease perinatal food intake when treated with high-energy diets,” without

influencing body weight.

The reduction in food intake was more evident during pregnancy and during the first
two weeks of lactation in the AP group. Possibly, this occurred because avocado pulp, in
addition to lipids, presents high levels of dietary fiber.?® The lyophilized pulp presented 20.98
g in total fibers, 14.23 g insoluble, and 6.75 g soluble. Fibers increase satiety and delay gastric

emptying.353¢

Oleic fatty acid present in both avocado pulp and oil reduces food intake by increasing
the endogenous lipid mediator called Oleoylethanolamide (OEA). The ingestion of oleic acid
stimulates mobilization of this OEA mediator in the cells of the intestinal mucosa, which

activates an afferent signal via the vagus nerve, to the hypothalamus, increasing satiety.3"®
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The birth parameters of the dams treated with avocado did not present changes for the
variables studied. These results corroborate those of other studies with pregnant rats, who

received differing lipid diets yet whose litters presented no alterations.3%1/-1°

Murinometry, evaluated on the last day of lactation (corporal BMI, with abdominal and
thoracic circumferences) did not present significant differences. Also no difference was
observed for liver weight as a function of maternal lipid supplementation. According to Piao et
al.,*® organ weight is associated with many environmental conditions, including nutritional
factors. In a study conducted by Gates,® there was a decrease in liver weights in lactating dams
who consumed HF diets during gestation and lactation, regardless of lipid source, and this
decrease was associated with loss of body weight that also occurred in lactating dams, a

condition not observed in our study.

During lactation, the adipose tissue undergoes morphological and metabolic changes,
essential to support the production of breast milk.*#2 Changes in lipid metabolism are
accompanied by changes in white and brown adipose tissue.** White adipose tissue consists of
mesenteric and retroperitoneal adipose tissues, known as visceral fat.* In lactation, there is a
reduction in lipogenesis and an increase in lipolysis in white adipose tissue, often associated
with its hypotrophy.* The AO dams presented increases in mesenteric fat in relation to the AP
and CG dams; however, the retroperitoneal fat and total (visceral) fat of the AO and AP dams
presented significant reductions in comparison to the CG dams. The AP dams presented greater
reductions in retroperitoneal fat in relation to the AO dams. Contrary to our results, maternal
supplementation with a hyperlipidic diet containing soybean oil*® and lard*’ increased
retroperitoneal and peri-renal fat in the lactating dams, respectively. The reduction of
retroperitoneal and visceral fat in dams supplemented with avocado pulp or oil can be explained
by the fatty acid profile of avocado, where nearly half of its content is composed of oleic
monounsaturated fatty acid?. The oleic acid, present in a diet containing olive oil, was shown
to be responsible for causing less accumulation of visceral fat and contributed to the
thermogenic phenotype of mice.*® In vitro study, has found that oleic fatty acid contributes to
thermogenesis by increasing the expression of genes linked to the fatty acid oxidation pathway,
with increased cyclic adenosine monophosphate (CAMP) and protein kinase A (PKA) activity.
The endogenous lipid mediator derived from oleic fatty acid, OEA, is also related to body

composition modifications since it stimulates lipolysis and B-oxidation.>
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In lactation, there is an increase in lipolysis in the adipose tissue, with the mobilization
of accumulated fat deposits during gestation to support milk synthesis.*? In our study,
supplementation with avocado pulp and oil may have influenced increased mobilization of these
deposits, evidenced by the lower content of retroperitoneal fat and higher fat content in breast
milk, which indicates mobilization of this fat for milk production. However, the group
supplemented with avocado pulp had a lower content of retroperitoneal fat and higher fat
content in the breast milk than the group treated with avocado oil, suggesting that the
mobilization of fat into breast milk was higher in the group supplemented with avocado pulp.
Avocado is rich in bioactive components®*®® presenting activity in regulation of adipocyte

biology, promoting the release of energy or impeding its storage.>*

As with changes in lipid storage, in lactation, dietary lipid intake may contribute to the
regulation of glucose homeostasis and to plasma lipid metabolism. Lactation is associated with
changes in insulin and glucose homeostasis, where diabetic or non-diabetic dams tend to have
a gradual physiological reduction in fasting or postprandial glycemic levels throughout the
postpartum weeks in relation to non-dams.>*°® We observed a decrease in the glycemic values
of the dams supplemented with oil and pulp, in relation to the control dams, which corresponds
with the results of Toro-Equihua®, whose supplementation with different percentages of
avocado oil (5 to 20%) caused an increase in the insulin sensitivity in male adult Wistar rats.
Oleic fatty acid is associated with an anti-inflammatory effect with increased insulin
sensitivity.*® This process occurs during the absorption phase, where the presence of oleic fatty
acid induces an increase in the release of incretin GIP and GLP-1, which in turn improve insulin

sensitivity.*

In addition to monounsaturated fatty acids, avocado also has a large amount of phenolic
compounds,?+?2 as demonstrated in our results. Analysis of the lyophilized avocado pulp extract
revealed in vitro antioxidant action in the ability to inhibit a-amylase and a-glycosidase enzyme
activity.®® These enzymes are essential for the hydrolysis of dietary carbohydrates, and their
inhibition may delay digestion, causing a reduction in the rate of glucose uptake into the

blood.5°

Hyperglycemia, together with dyslipidemia are risk factors for atherosclerosis®® and
since lactation has the function of modifying the atherogenic metabolic profile developed in
normal pregnancy,®® it becomes an important dietary factor regulating this process. During

lactation, physiological excretion of triglycerides and cholesterol into the breast milk occurs
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due to the increased catabolism of low density lipoproteins (VLDL and LDL) and an increase
in generation of high density lipoproteins (HDL), leading to a decline in plasma triglycerides.®?
Our results reveal that supplementation with avocado oil and pulp increases the hypolipidemic
effect that occurs during lactation, with a decrease in triglycerides (TGC), LDL, and VLDL
fractions; and an increase in HDL as compared to the CG. When comparing avocado oil and
TGC levels; only avocado pulp promoted reductions. When measuring the atherogenic index
(TGC/HDL), we verified that both avocado oil and pulp caused reductions in comparison to the
control dams, yet the pulp’s effect was more intense. The atherogenic index is a strong marker

of atherogenic dyslipidemia and predicts risk of cardiovascular diseases.%%%4

Studies with pregnant and lactating dams indicate that in the maternal diet the type of
fatty acid predominant may alter their lipid profiles, increasing or decreasing atherogenic risk
in this phase. Cavalcante!’ and Nakashima*’ observed an increase in triglycerides in lactating
rats receiving a hyperlipidic cafeteria-type HDF diet containing trans-fats, and lard rich in
saturated fatty acids. In another study, Reddy and Naidu® found an increase in the HDL
cholesterol fractions of dams who received a diet containing cress seed as a lipid source rich in
linolenic acid. Such evidence supports our results, where the modification in the lipid quality
of the diet during the perinatal phase had an impact on the maternal lipid profile at the end of

lactation.

Oleic fatty acids are the main lipid fraction of avocado, presenting important anti-
lipidemic action, notwithstanding that the great variety found in its active nutrients and
phytochemicals such as polyphenols, carotenoids, phytosterols?®?2 and dietary fibers®®?2 is also
related to these effects. Lipid reduction as promoted by phytosterols may be related to reducing
intestinal absorption of triglycerides and/or fatty acids through increased fecal fatty acid loss.®’
Experimental results confirm our findings, however with lactating rats we note a finding by
Rideout®” that when investigating the effects of a hypercholesterolemic diet supplemented with
phytosterols in mice during gestation and lactation, that by the end of lactation, reduction of

total cholesterol and LDL without modification in the HDL fraction had occurred.

Other experimental studies with animals in the adult phase also found consistent results:
Pahua-Ramos et al.* demonstrated that the administration of an avocado paste (2 g/kg/day) in
rats receiving a hypercholesterolemic diet rich in fructose caused a significant reduction in
triglycerides and LDL cholesterol. Also in adult rats, a significant decrease in triglycerides,

total cholesterol, and LDL and VLDL fractions was obtained after oral administration for 10
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weeks; with 1 and 2 mL of avocado pulp/kg body weight.®® In mice, supplementation with 2.5
or 5% avocado oil in a hypercholesterolemic diet caused an increase in HDL and maintenance
of triglycerides.%® However, research with avocado supplementation in pregnant and lactating

rats is non-existent, which reinforces the importance of the present study.

The Hass avocado, used in the present study, has been demonstrated to contain
numerous antioxidant compounds, which are responsible for neutralizing oxidation
reactions.”®?? Determination of malondialdehyde (MDA) was used to evaluate lipid
peroxidation in the dams’ livers.*® A reduction in the MDA content in the liver of the AO and
AP lactating dams was noted in relation to the CG dams, where the pulp also promoted lower
MDA content when compared to the oil. Although the lipid percentage of the liver of the AO
and AP dams was higher than in the control dams, our results also showed low levels of AST,
ALT and MDA, indicating that avocado pulp and oil have a protective effect on lipid oxidation.
The correlation of our results clearly demonstrates that supplementation with avocado oil and
pulp presents a protective effect on liver function. This effect may be oleic. A high oleic diet
increases accumulation of liver fats, dependent on LXR, a receptor that regulates genes linked

to lipogenesis, (but also acts to inhibit genes linked to inflammation),”* and protect the liver.

On the other hand, the bioactive compounds present in avocado are also related to
lipid peroxidation reductions and a significant decrease in hepatic MDA content, and plasma
enzymes AST and ALT.% Mohamed and Rezq’? evaluated types and concentrations of phenolic
and flavonoid compounds in avocado pulp; and in adult male rats demonstrated the protective
hepatic effect of supplementation with avocado pulp, that also decreased AST and ALT enzyme
levels and MDA content. In our study the same effects were observed even though promoted
during gestation and lactation; phases characterized by high maternal lipolysis and increases in
circulating plasma lipids. The results demonstrate the beneficial effect of maternal
supplementation with avocado, a source of monounsaturated fatty acids and antioxidant
compounds. Avocado thus acts to maximize lipidic lactate adjustments, with a positive impact

on maternal health maintenance and reducing the risk of metabolic diseases.
Strengths and limitations

Our study has an important positive outcome. It was the first study to define whether

maternal supplementation with pulp and avocado the oil could alter murine and biochemical
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parameters, retroperitoneal fat and lipid peroxidation in lactating mothers have a distinct effect
on maternal metabolismo.
As a limitation of this study, the groups treated with avocado were not compared with

animals treated with lipid source deficient in essential fatty acids.

Conclusion and Research implications

This research demonstrated that maternal gestational and lactation avocado oil and
pulp supplementation presented improvements in retroperitoneal fat reductions, being likely a
result of a greater lipid mobilization for milk production. In addition, there was a reduction in
fasting glycemia and changes in the plasma lipid profile, with an increase in HDL levels and
decreases in LDL and VLDL cholesterol, in the atherogenic index and in hepatic MDA content.
Maternal supplementation with avocado oil and pulp was effective in reducing the lipid
fractions that present potential atherogenic risks; with the most pronounced supplementation

effects achieved with avocado pulp.

As a research implication, a clinical study in humans can be designed, trying to
replicate these findings and with a potential application in human nutrition, if with similar

results.
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Avocado (Perssa americana Mill.) is an oleaginous fruit source of fatly acids with high
levels of neuroprotective phytocomplexes. The objective of this study was to evaluate
the development of reflex and somatic maturation, fatty acid profiles in the brain, and
memory in difierent stages of ife in the offspring of dams supplemented with avocado
pulp and oil during gestation and lactation. The dams were randomly divided into
three groups (n = 15 pups/group), and recieved by gavage suppiementation: control
group (CG)-distilled water; Avocado Oil {AO)-3,000 mg avocado okg animal weight,
and Avocado Pulp (AP)—3,000mg avocado pulp/kg animal weight. We performed the
following tests: Analysis of Somatic Devaelopment and Oniogeny of Postnatal Reflex
(TO to T21), the Open Field Habituation Test and the Object Recognition Test (ORT)
in the adolescent (T45) and adult (T90} phasaes. The cerebral fatty acids content was
evaluated at times TO, T21, T45, and T90. The resuits were analyzed using the statistical
program GraphPad Prism and significant statistics were considered when p < 0.05.
Accaleration of reflex maturation and reflex ontogeny was observed in the offspring of
AO and AP fed dams, with the results being more pronounced in the pulp fed group
(o < 0.05). All groups presanted a decreass in the ambulation parameter in the second
exposure to the Open Feld Habituation Test, at T45 and TS0 (p < 0.05). In the ORT,
the AQ and AP offspring presented memory improvernents in the short and long term in
the aduit and adolescent phasas (o < 0.05). The results of the brain fatty acid profies
presanted higher polyunsaturated fatty acids (PUFA) content in the AO and AP groups
at T21, T45, and T90. The docosshexaenoic fatty acid (DHA) content was higher at T21
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(AO and AP), at T45 (AOQ and AP), and at TS0 (AP) (p < 0.05). The arachidonic acid
(ARA) content was higher at T45 (AOQ and AP), and at TS0 (AQ) (o < 0.05). Maternal
supplementation with avocado ol and pulp anficipates reflex maturation and somatic
postnatal development, and improves memory during the adolescent and adult phases.

INTRODUCTION

Adequate fetal and postnatal development is influenced by
maternal nutrition (Brenna and Lapillonne, 2009; Mennitti et al,
2015). During this period, considered developmentally critical,
lipids are essential to tissue construction and determination
of body growth (Morgane et al, 1993; Herrera and Ortega-
Senovilla, 2014). Lipids structurally compose the nervous system,
stimulate its development and differentiation, and even regulate
neuronal cell migration (Gonzédlez and Visentin, 2016; Prado
etal, 2018).

The quality of lipids in the diet during gestation and lactation
determines the type of fatty acdd (FA) that will accumulate
in the fetal tissue through placental transfer and through the
breast milk after birth (Lauritzen and Carlson, 2011; Innis,
2014). Fatty acids are essential nutrients for the development and
maintenance of brain functions and are closely related to learning
processes and memory. They demonstrate a positive correlation
to neurodevelopment in the offspring through maternal lipid
intake (Apryatin et al, 2017; Melo et al., 2017; Pase et al., 2017).

The principal FAs involved in brain development are
polyunsaturated fatty acids (PUFAs): linoleic acid (C18: 2 w-
6) (LA), a-linolenic acid (C18: 3 w-3) (ALA), arachidonic acid
{ARA; 20:4 w-6), docosahexaenoic acid (DHA; 22:6 ©-3}, and
eicosapentaenoic add (EPA, 20:5, ©-3) (Makrides et al, 2011;
Gonzilez and Visentin, 2016). Since they are not endogenously
synthesized, they are considered essential, and their aquisition
occurs only through dietary intake of sources rich in endogenous
precursors; ALA and LA (Sinclair, [975). FA accumulating in
brain tissue actively participates in the formation of neuronal
membranes (Yehuda, 2012), improving learning, and memory
and increasing synaptic and neurogenic plasticity {Dyzll, 2017).
The influence of maternal PUFAs on the development of reflexes
has been evaluated in experimental studies with the offspring
(Souza et al,, 2012).

Non-essential FA, such as oleic monounsaturated fatty acid
(18: 1| ®-9) and palmitic saturated (16: 0 ®-7), can be
endogenously synthesized and also transferred through the
placenta during gestation; secreted into the maternal milk
and accumulate in the brain and other organs during fetal
development (Innis, 2004, 2005). Oleic fatty acid is one of
the main constituents of myelin (Garbay et al, 2000); it is
related to axonal growth and neuronal grouping (Medina and
Tabernero, 2002). Palmitic fatty acid participates in the processes
of palmitoylation, gliogenesis, synaptogenesis, and myelination
{Gonzilez and Visentin, 2016).

Several sources of fatty acids can be used for maternal
supplementation. The avocado (Persea americana Mill) is an

oleaginous fruit that has thus aroused scientific interest. Its lipidic
composition includes monounsaturated oleic fatty acid (w-9),
saturated palmitic («w-7), and two linoleic polyunsaturates; (w- &),
and (-3) at lower levels (USDA, 2011; Dreher and Davenport,
2013). Avocado is also a source of neuroprotective antioxidant
phytocomplexes (phytosterols, carotenoids, flavonoids) { Ameer,
2016).

Considering  associations  between maternal  lipid
consumption and its effects on the neurodevelopment of
the offspring and the scarcity of information in the literature on
the effect of avocado consumption at this stage, we hypothesized
that maternal supplementation with avocado might anticipate
the appearance of the reflexes and somatic maturation, and
improve the offspring’s memory. The objective of this research
was to evaluate the offspring of dams supplemented with
avocado oil and pulp during gestation and lactation for somatic
and reflex development, analyze fatty acid profiles in the brain,
and memory function through adulthood.

MATERIALS AND METHODS

Avocado

Avocado (Persea americana Mill) of the Hass variety was
obtained from the commercial producer: Fazenda Jaguacy
Avocado Brasil®, located in the municipality of Baury, Sao Paulo:
latitude 22°19'18"S, longitude 49°04'13"W, and 526 m altitude.
Part of the fruit was used to extract oil and another part was
Iyophilized to obtain pulp powder. The lyophilized powder was
vacuum packed, and stored at —20°C. The oil and pulp were
offered by gavage starting on the seventh day of gestation and
throughout the lactation period until the 21st postnatal day.

Analysis of Fatty Acid Composition in
Avocado Oil and Pulp

The fatty acd profiles of the oil and pulp were analyzed (Folch
etal., 1957; Hartman and Lago, 1973) (Table 1).

Lipidic Extraction

Sample were weighed (2 g of each) in a beaker and added to 30 ml
of chloroform:methanol mixture (2:1). After this addition, the
content was transferred to a deep glass container with the side
covered with aluminum foil and stirred for 2 min with the help
of grinder. The triturate was filtered through qualitative filter
paper into a 100 ml graduated cylinder with a polished mouth.
Next, the vessel walls were washed with an additional 10mL of
chloroform:methanol which was also filtered with the previous
volume. The volume of the filtered extract of the graduated
cylinder was recorded with the graduated cylinder closed. Twenty
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TABLE 1 | Fatty nod compoation of avocado of and ophiized pulp (Porsca
amancana ML) hass vericty.

Avocodo od Avocado pulp
Acids Fat 100 g~ fpids
sATuRATED
Puimitic acid C180 25 2241
Stowric scid C180 0.60 084
Aracqicio acid c200 0.07 008
Lignacario acid C204 0.07 008

2354

1298

C16:0w-7

Hoptadonoonoic aod CiT: 17 18] 009
Oloic acid C18:1e-9 2592 41.68
Gondoic acid C20:1ed 018 0.14

50.16

C182u€ 12.10 131
C18:3-3 0.72 03t
¥ PURA 1282 133

percentage of the final volume of the filtered extract was added to
1.5% sodium sulfate. The mixture was stirred with the graduated
cylinder dosed and given time for the phases to separate. It
was observed that the upper phase was ~40% and the bottom
60% of the total volume. The volume of the lower phase was
recorded and then the upper phase was discarded by suction
with a graduated pipette. For lipid quantification, an extracted
aliquot of 5mL (lower phase) was separated with a volumetric
pipette and transferred to a previously weighed beaker. This
beaker was placed in an oven at 105°C so the solvent mixture
could evaporate, being careful that the fat would not be degraded
by heat. After cooling in a desiccator, the beaker was weighed and
the fat residue weight was obtained from the difference (Folch
et al, 1957).

Transesterification of Fatty Acids

In the sample treatment, methylation of fatty acids present in the
lipid extract was carried out following the methodology described
by Hartman and Lago (1973). An aliquot of the lipid extract was
taken, calculated for each sample according to the fat conte2nt
found in the lipid measurement, and performed according to the
{Folch et al., 1957), adding 1 ml of internal standard (C19:0) and
a saponification (KOH) solution. This solution was subsequently
brought to heating under reflux for 4 min. Esterification solution
was added immediately after, returning the solution to heating
under reflux for 3 more minutes. Next, the sample was allowed
to cool before subsequent washings with ether, hexane and
distilled water, finally obtaining an extract (with the methyl
esters and solvents), which was conditioned into a properly
identified amber glass until complete drying of the solvents. After
drying, a suspension in 1 ml of hexane was made and packaged
into a vial for further chromatographic analysis. The aliquots
of saponification and esterification solutions were determined

according to the methodology described by Hartman and Lago
(1973).

Gas Chromatography Analysis

A gas chromatograph (VARIAN 430-GC, California, EUA),
coupled to a capillary column of fused silica (CP WAX 52
CB, VARIAN, California, EUA) with dimensions of 60m x
0.25mm and 0.25mm film thickness was used with helium as
carrier gas (Flow rate of 1 ml/min). The initial oven temperature
was 100°C programmed to reach 240°C, increasing 2.5°C per
minute for 30 min, totaling 86 min. The injector temperature was
maintained at 250°C and the detector at 260-C. 1.0 pl aliquots
of esterified extract were injected in a Split/Splitless injector. The
chromatograms were recorded using Galaxie Chromatography
Data System software. The fatty acids results were quantified by
integration the areas of the methyl esters and are expressed in
percentage by area.

Analysis of Antioxidant Content of Oil and
Lyophilized Avocado Pulp

The oil and pulp were analyzed for their total phenolic, flavonoid,
and carotenoid components. The antioxidant capacity was also
analyzed using the ABTS, FRAP, and 1Csp methods.

Extraction

Avocado pulp constituents were extracted with both 8020
EtOH:H,0 v/v and evaluated for ABTS scavenging capadity,
ferric reducing activity (FRAP) and total flavonoids. For total
phenolic contents 100% MeOH. il constituents were extracted
with both 80:20 MeOH:H20 v/v and evaluated for FRAP, ARTS,
total phenolic and flavonoids contents. All the extractions were
performed in triplicate.

Determination of Total Phenolic Compounds (TPC)

In order to estimate the total phenolic compounds, the
methodology described by Liu et al. (2002) was used with minor
modifications. The ahsorbance of the extract was compared with
a gallic acid standard curve for estimating concentration of TPC
in the sample. The TPC was expressed as mg of gallic acdd
equivalents (GAE) per 100 g of avocado oil and pulp on the basis
of dry weight (DW).

Determination of Total Flavonoids

The total flavonoid content was measured using the colorimetric
assay developed by Zhishen et al. {1999). The absorbance of
the extract was compared with a catechin standard curve for
estimating concentration of flavonoids contents in the sample.
The flavonoids contents was expressed as mg of catechin
equivalents (QE) per 100 g of avocado oil and pulp on the basis of
dry weight (DW).

Antioxidant Activity-FRAP Method

The FRAP method was performed according to Benzie and Strain
(1999), with modifications proposed by Pulido et al. (2000). The
FRAP solution was used as reference reagent, and absorbance
was read at 593 nm. The results were expressed in pmol of trolox
equivalents per gram of avocado pulp on dry weight (DW) basis
(pmol TE/g—1).
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Antioxidant Activity-ABTS Method+

The ABTS method was carried out according to the methodology
described by Surveswaran et al. (2007), with modifications. The
results were expressed in pumol of trolox equivalent per gram
of avocado oil and pulp on dry weight (DW) basis (jpumol
TE/g~"). Where A is the absorbance of the control and as is
the absorbance of the sample. The effective concentration had
50% radical inhibition activity {1Cs,), expressed as mg extract/
mL, which was determined from the graph of the free radical
scavenging activity (%) against the extract concentration.

The pulp and oil, respectively, presented total phenolic
contents of 64.61 and 49.50mg GAE/100g, total flavonoids of
39.38 and 33.75mg CE/100 g, and total carotenoids of 87.00 and
9.87 mg/100 g. For antioxidant activity, the pulp and oil presented
respective FRAP values of 0.08 and 0.03 pmol TE/g, ABTS 0f 2.02
and 0.17 pmol TE/g and ICsp 0f 59.86 and 443.99 mg/mL.

Animals and Experimental Groups

Females of the Wistar lineage (90 days old/weights 250 £ 50¢g)
were obtained from the Laboratory of Experimental Nutrition,
at the Federal University of Campina Grande-LANEX/UFCG
and were breeded to obtain 45 newborn rats. The females were
mated while maintained at the ratio of two females to each
male. After confirmation of pregnancy, the rats were housed in
individual polypropylene maternity cages (60 cm in length, 50 cm
wide, and 22 cm in height), under standard laboratory conditions
{temperature 22 =+ 1°C, humidity 65 + 5%, light/dark cycle of
12/12 h-artificial light from 6:00 to 18:00).

To obtain the offspring, 24 (Folch et al, 1957) female rats
were randomly divided into three groups (n = 15 pups for
each group): Control (CG)-supplemented with distilled water;
Avocado Oil (AO)-supplemented with 3000mg of avocado
oil/kg of animal weight; and Avocado Pulp (AP)-supplemented
with 3,000 mg of avocado pulp/kg of animal weight. Gavage
was administered from the 7th day of gestation until the 21st
day of lactation: Standard feed {Presence Purina®, Sao Paulo,
Brazil) and water was offered ad libitum. After weaning, the
offspring received standard ration until adulthood. The research
followed an experimental protocol in accordance with the ethical
recommendations of the National Institute of Health (Bethesda,

USA), and was approved by the ethics research committee of
the Federal University of Campina Grande No: 006/2017 and
avocado registered in SisGen n"A737D56.

Experimental Procedures

The neonates were weighed and evaluated for reflex ontogenesis
and somatic development parameters each day from birth until
weaning For fatty acid content analysis, brains were collected on
the first day of life (T0), on weaning day (T21), at adolescence
(T45), and as adults (T90). The memory evaluation tests were
performed in adolescence and adulthood. The experimental
protocol is detailed in Figare 1.

Removal of Brains and Fatty Acid Content
Analysis

At TO, after sexing and manipulation for litter reduction, surplus
puppies were randomly chosen for removal of the brain, which
was removed upon decapitation. At T21, T45, and T90 brains
were also removed and stored at —20°C until the day of analysis
and quantification of fatty acid content (n= 6).

The fatty acid profile of the brains was determined using
the (Hartman and Lago, 1973) method with transesterification
and subsequent identification by gas chromatography {Varian
430GC).

Reflex Ontogeny and Somatic Response
Each day, from the 1st to the 21st day of life at from between
06:00 to 8:00am. in the moming, somatic responses and
reflex ontogeny were evaluated The response was considered
consolidated when the expected reaction was repeated for
three consecutive days, being the Ist day of the appearance
considered as the day of consolidation. The daily observation
time for each parameter was 10s. The reflex study followed the
experimental model established by Smart and Dobbing (1971)
(Table 2). Somatic maturation indicators were also evaluated:
Aural "Pavilion” Opening (APO), Auditory Conduit Opening
(ACO), Eye Opening (EQ), Eruption of Upper Incisive Teeth
(EUIT) and Inferior Teeth (EHIT), Appearance of Epidermal Hair
(AEH), and Tail Length (TL).

[ Gavage: Control (CG). Avocado Oil (AO), Avocado Pulp (AP}

_ Gestation ., Lactation  ,  Adolescence | Adulthood
. | |
@io 7 14 210 7 14 21 45 20
L Bﬂ,‘."ﬁf .............. -4 el FA BFA
| Outogeny of reflex and |
| Bodyweigh |
L meswenen |

(G} chay; BFA: beain futty acids,

FIGURE 1 | Exparmontal protocol. Sequence of axparmontal deys conductod with Wistar rats supplamantad during gestation and actabion, and of their offspring.
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TABLE 2 | Doscription of tha refiox tast.

Reflex Stimulus Response

Puimer grasp (PG]  Light paroussion on tha Quick banding of ankias.

paim of tha night forolog.

Fighting raflax (FH}  Thomt s plsood nsupine Floturn 1o the prona postion

postion on a suriaco. with al pows in 105,

Cif avokdanca Tha mt i placod on a fat Movas to one side and

N and high suriaco (nbla), wih  weles in tha cpposita

Ings sowerd tho axtsaming diroction %o the odga.
Vibemsa placing Tha animal is suspandod by Both Front lgs are placed
(L) tha tad and 13 vibnszao on $he tablo, parlorming
fightly souch the odgo of @ march movements.
flat mrfono.
Nogetvo gootis Tha mt is placod o the Body mpin & an angla of
N corfice of an incinad ramp 180°, positioning head
with haad facing upaards.
dowrranrds.

Audiary startlo Intorrsa and sudden sound Rotraction of antonor and
and imvoluntary bady
immobization.

Froo-fal righting Hald by four logs &t a haight  Position moovery duning

(FFRY of Xem, & & rooasad in frocial on the sriaco

frao fall on @ syrthotic foam  suppodiad by four paws.
bad.

Memory Evaluation Tests

Open Field Habituation Test

During adolescent phase and adulthood the animals were
submitted to the Open Field Habituation test and the Object
Recognition Test {ORT). Each animal was exposed to the
open field twice, in the first stage, the habituation test was
performed; and after 7 (seven) days, the same test was repeated
in order to compare the locomotor activity of the animals for
evaluation of non-associative learning (Rachetti et al,, 2012). The
parameter analyzed through this test is the amount of explorative
interactions taken by the animal to the field, considering the
locomotion of the four legs toward the interior of each field The
test observation time was 10 min. The procedure was performed
between 06:00 and 08:00a.m., on each test day, and the sessions
were filmed with a video camera. For each animal tested, the
apparatus was cleaned before starting, and after completion of
the test with a 10% alcohol solution.

Object Recognition Test (ORT)
To evaluate the short and long term memory, the Object
Recognition Task (ORT) was used The test was performed in
the open field apparatus (60 x 60 x 60cm), colored black, with
six lines crossing forming 6-20 x 20cm quadrants, uniformiy lit,
and with black color objects, with different shapes (rectangular
or pyramid), and textures {smooth or rough) (Nava-Mesa et al,
2013).

The test consisted of 4 (four) 10 min trials, taking place in
3 (three) steps: (1) Day 1-habituation for 10 min to minimize
manipulation stress; (2) Day 2-performed 24h after the
habituation test, where each animal was placed in the open fidd

containing two objects (FO!1 and FO2) with identical textures
(smooth), but with different forms (triangle and prismatic
rectangle), located in two randomly chosen opposite corners. On
the same day, yet 1h later, the animal was placed in the open
field again to explore two objects (FO1 in its original location,
and a new object-NOI, identical to FOI but with a different
texture, and located in the place where FO2 had been placed
during the habituation test; and (3) Day 3-was performed 24h
after the short duration test; each animal was placed in the open
field to explore two objects {FO2 in its original place) and a new
object (NO2) being identical to FO2 but with different texture
(Figare 2).

To evaluate short-term memory, the time spent by the animal
in exploring the new differently textured object (NO1)} was
observed. To evaluate the long-term memory, the time spent by
the animal in exploring the new differently textured object (NO2)
was observed at 24 h after the first exploration, on day 2. The
sessions were filmed with a video camera and for each animal
tested; the device was deaned with 10% alcohol before starting
and after the test. The results for the exploration times were
calculated for each animal and expressed by the ratio TN/TF +
TN) TN = time spent exploring the new object; TF = time spent
exploring the familiar object (Gustavsson et al., 2010; Davila
etal, 2017).

Statistical Analysis

The results of the evaluation of reflex ontogeny and somatic
development were expressed as median values for the day (Min-
Max), and analyzed by Kruskal-Wallis variance analysis followed
by Dunn’s test (p < 0.05). Other results were expressed as mean
+ SEM, and analyzed by ANOVA followed by Tukey (p < 0.05).
The statistical program GraphPad Prism was used.

RESULTS

Composition of Fatty Acids in Brains of
Offspring After Birth

The composition of saturated fatty acids in the AO group
offspring brains on the first day of life presented reduced myristic,
palmitic, and stearic fatty acids as compared to the CG and AP
groups (p « 0.05); the AP group offspring presented lower levels
of myristic and higher levels of palmitic fatty acids as compared
to CG offspring (p « 0.05) (Table 3).

Palmitoleic, vaccenic e oleic {monounsaturates) were also
found decreased in the AQ group offspring as compared to the
CG and AP group offspring (p < 0.05). However, the AP groups
presented higher values for these fatty acids then the CGand AO
(p < 0.05) (Table 3).

The total PUFA content was [5% lower in the AO group
offspring (10% lower in the AP group) as compared to the
CG offspring. The AO offspring presented reductions in
linoleic, eicosadienoic, arachidonic, docosatetraenoic, and
docosahexaenoic polyunsaturated fatty acids as compared
to the CG and AP offspring (p = 0.05). AP offspring
also presented reductions in linoleic, eicosadienoico,
docosatetraenoic, and docosahexaenoic acids as compared
to the CG offspring (p < 0.05). However, eicosatrienoic and
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docosapentaenoic acid levels were higher in the AP and AO
offspring brains compared to the CG offspring (p < 0.05)
{Table 3).

Composition of Fatty Acids in Offspring
Brains at the end of Lactation (21 Days of
Life)

At 21 days of age, myristic, palmitic, stearic., and behenic
saturated fatty acids levels were found decreased in the AO and
AP group offspring brains when compared to the CG (p < 0.05).
The AP group presented higher levels of these fatty acids than the
AQO group (p < 0.05) (Table 3).

Both AO and AP groups presented lower total MUFA values,
with reductions in palmitoleic, vaccenic, oleic, and erucic fatty
acids in AQ brains compared to the CG. For palmitoleic and
oleic fatty acids, the AP group brains also presented lower total
values as compared to the CG and (p < 0.05). Gondoic acid alone
was higher in the AP group as compared to the CG (p < 0.05)
(Table 3).

The polyunsaturates (linoleic, eicosadienoic, arachidonic, and
docosatetraenoic acid) were decreased in the AO and AP brains
as compared to the CG (p < 0.05). However, total PUFAs
were, respectively, 135 and 28% higher in the AO and AP
groups as compared to the CG; due to the increased DHA and
docosapentaenoic acid levels. Also the total PUFAs were higher
in the AP group when compared to the AO group (p < 0.05)
{Table 3).

Composition of Fatty Acids in Offsprings’
Brains in Adolescence (45 Days of Life)
Saturated fatty acid levels in the offspring brains (adolescents)
were similar for all groups; except for behenic acid, which was
higher in the AO and AP groups as when compared to the CG
(p < 0.05) (Table 4).

There was no difference for monounsaturated acid contents.
However, total PUFAs were 48.85% higher in the AO brains and
54.77% in the AP brains than in the CG brains. Compared to
the CG brains, increased levels of DHA and docosapentaenoic
fatty acid were found in the AO brains; and arachidonic, and
docoszhexaenoic acids were higher in the PA brains (p < 0.05)
(Table 4).

Composition of Fatty Acids in the Adult
Offspring Brain (90 Days of Life)

In adulthood, the content of saturated palmitic, stearic and
behenic fatty acids in the AO offspring group brains was higher
than the AP or control groups (p < 0.05). In relation to
monounsaturated fatty acids, vacénic acid was different between
the groups, with higher levels in the AO and AP brains as
compared to the CG (p < 0.05). Monounsaturate erucic acid was
higher in the AO brain as compared to the AP group and the
controls (p < 0.05) (Table 4).

Linoleic, eicosadienoic and eicosatriencic polyunsaturates
presented higher levels in the AP offspring than in the AP and
CG offspring (p < .05). Arachidonic acid was higher in the
AO groups as compared to the CG, and docosahexaenoic acid
presented higher levels in the AP group as compared to the AO
and control groups (p < 0.05) (Table 5). Total PUFAs were higher
in the brains of the AP (22%) groups as compared to the controls
(Table 4).

Body Weight and Tail Length

The body weight results for offspring of mothers treated with
avocado oil and pulp during gestation and lactation are shown
in Figare 3. The weights of the offspring of the pulp group (AP)
were significantly lower than the control group (CG) during the
first week of lactation (1st and 7th day), and when compared to
the oil group (AO), the weights were lower from the 7th to the
21st day (p < 0.05). Only on the 14th day of lactation did the AO
pups present significantly higher weights as compared to the CG
(p < 0.05). By the end of lactation, the differences differences did
not persist.

The tail lengths presented significant differences only on the
first day of life, where the AP pupils presented larger sizes as
compared to the AO group (p < 0.05) (Figare 4). The difference
did not remain beyond the 7th day {through the end of lactation).

Ontogenesis of Reflex, and Somatic
Maturation

The offspring of mothers supplemented with pulp (AP)
compared to the CG presented early disappearance of the PG,
and appearance of the following reflexes: VP, CA, GN, AS, and
FER {p < 0.05). These same pups also anticipated the VB, GN,
and AS reflexes as compared to the AQ group (p < 0.05). The
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TABLE 3 | Compostion of fatty acids prosant i tha brain puppics (T0 and T21) of dums supplmortiod with o and avocado pulp.

Groups

Brain-T0 day of life Brain-T24 day of life
Fatty acids cG AO AP cG AO AP
SATURATED
Myristic acd C14:0 1514005 1.16 + 004" 1.40 4 005" 040 + 000 0.32 4 001" 0.43 £ 011
Puimitic acid C16:0 2627 + 030 2267 + 020 26.16 4 0.40% 2011 £ 006 17.68 + 007 1883 + 101
Stoanic acid C18:0 15.63 £+ 0.10 13.40 -+ 0.04° 16.01 + 0.0 1700 + 050 16.16 + 0.64° 1692 + 084
EBchoric acid C220 - - - 0.16 + 0.0t 0.13 + 002" 0.12 + 001
Total 241 araz 4257 asE7 119 3535
MONOUNSATURATED
Puimitckic acid C16:4w7c 374+ 003 1.48 4 0.02" 306 + 003" 060 4+ 000 047 + 001" 0.3 + 0024
Vacoanic aod Ci84wTc 2.00 4 0.02 2631 003 303 + 001 201 £ 010 254 + 018 2.76 + 0.22%
Oksic acid C48:1w 11.12 + 010 9.66 + 0.00" 11.41+ 010" 12.06 + 020 10.63 & 026" 11.74 + 1194
Candoic acid C20:4w0 0.20 4 002 022 4+ 001" 0.20 + 0.02% 052 + 004 D.60 4 0.06 0,67 4+ 0.12°
Enucid acid 2240 - - - 0.00 + 0.0t 006 + 001° 0.07 + 003
Total 1796 1419 18574 17.17 14.50" 16569
POLYUNSATURATED
Lincksic acid C18:2uBc 1.04 2 0.10 0.78 4 007" 0.85 + 0.00" 1437 + 010 003 + 0.08" 094 + 016"
Ecosadiencic acid C20:2u6 1.01 £ 010 0.16 % 0.01" 0.16 + 001" 027 + 002 0.20 4 0.02° 0.20 + 0.04'
Dihome-v-inolenc acid C20:3 w6 0.46 + 0.20 0.58 + 030" 0.61 % 040" 039 + 001 0.39 + 0.04 0.30 + 0.07
Archidonic acd C20:4wBo 10.16+ 0.10 867 + 000" 10.14 + 0.12% 10.18 4 020 B.76 4 035" 027 + 0444
Docosatstracnoic acd C22:4 w6 327 + 002 260+ 028 2.64 + 020" 343 + 002 2A7 + 000 211+ 056%
Docosapentacnoio ackd C22:5 w3 2.71+000 400+ 012" 335+ 0.10% 0.78 + 010 4.17 + 002 £.99 + 004
Docosashasmsoncic acd C22:6w3 8104032 €.36 3 023" 6.78 + 040" 10.74 4 0.00 1247 + 169" 13.08 + 09"
Total 2.8 2313 2427 27.31 31.00° 24300
SUMSANDRATIONS
PLFASFA 062 052" 057 A7 093 004
w3 1138 1093 1047 12.01 18.64° 2136
wb 1547 1220 13307 15.30 12.38" 1352
B 0.20 022° 0.20% 061 066" 067
wl/wd 1.38 112" 132" 127 oer 059

s Quprasted a5 o + standard dovision. CF, Contral Group; AC, Avocads OFf Group; AR Avocado Pulp Group. v CG. Yvs. A0, 70, at bét; T2, & waaning (21 deys of %),
Strsta St woed was Ono way Anov, o Ly Ty with a 5 < 0.05) kval of signiicance.

AO offspring, in relation to the CG, presented early PG onset,
and the appearance of CA, GN, and FER (p < 0.05) (Table 5).

For the somatic indicators, the AP neonates presented
anticipation in auditory conduction opening and epidermic hair
appearance, yet delayed eruption of inferior indsors as compared
to the CG {p < 0.05). The same group (AP) when compared to
the AO group presented anticipated auditory conduit opening
together with superior incisor eruption {p < 0.05). The neonates
of the AO group presented auditory conduction opening and
inferior incisor eruption delays when compared to the CG (p <
0.05) (Table 6).

Behavioral Testing

Open Field

Open Field Habituation Test ambulatory analysis at 45 days
{adolescent stage) presented differences between the first and
second exposures, with a decrease in the ambulation parameter
during the second exposure for all groups: CG (77. 50 + 5.75
and 55.36 = 5.44), AO (12992 + 11.16 and 55.75 + 5.44), and

AP (11556 = 11.13 and 56.25 = 5.10) (p < 0.05) (Figare 5A}.
In the adult phase (T90) the same differences persisted, yet with
ambulation exposure decreases in the CG (112.82 = 10.57 and
51.67 £ 5.57), AO(95.83 £ 8.77 and 38.50 +-4.97), and AP (99.71
+ 9.09 and 60.50 + 5.95) (p < 0.05) (Figare 5B).

Object Recognition Test (ORT)

Adolescent phase

In the adolescent phase, the rate of new object exploration in the
short term and in the long term tests was higher in the AO and AP
groups, presenting higher exploration rates as compared to the
CG (p < 0.05) (Figures 6A,B). The groups AQ and AP presented
greater time for the new object, relative to the familiar object, in
both short and long periods (p < 0.05) (Figares 6C,D).

Adulthood

Adult offspring in the AP and AO groups also presented
higher rates of new object exploration in the short and long
term (p < 0.03) (Figares7A,B). The groups AO and AP
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TABLE 4 | Compoation of fatty acids prosant in tha brain ofispeng (T45 and 790} of dams supplomontiad with of and avocado pulp.
Groups

Brain-T45 day of lfe Brain-T90 doy of life
Fatty acids cG AO AP cG AO AP
-e— -« - =
Myristic a5d C14:0 0.12 + 002 0.11+000 0.12 £ 0.01 0.13 + 0.2 0.13 + 002 0.1 £ 00
Puimitio acid C16:0 15.82 + 280 14.80 + 1.14 1822 + 2.11 16.11 + 0.00 17.83 4 042" 1628 + 1.73%
Stowric acid C18:0 16.21 + 201 15.20 + 102 15,80 + 1.11 16.42 + 002 1865 + 021 1704 + 1.682%
Bohenic acid C220 0.19 £ 003 0.24 + 002" 0.22 4 0.01° 0.25 + 0.2 0.33 + 001 0.27 + 0.08%
Lignaoaric acid C24:0 - 0.16 £+ 001 0.16 + 0.01 0,10 + 0.01 0.19 + 0.0t 0.19 4+ 0.01
Totnl SAT fer e} 063" 261 33.10 ar.ia g
Puiritoioc acid C16:1wTo 0.34 + 002 0.30 + 005 0.46 + 0.20 0.30 + 0.8 0.27 + 0.04 025 + 007
\Viccanic scd C8-4wTe 322 + 081 3.00 4+ 007 330 4+ 03¢ 265+ 034 4.07 + 0.06 378+ 066
Okic acid C18:1u8 1337 + 228 13.06 +0.19 1396 + 1.3 1647 + 138 17.24 + 121 1623 + 252
Candoic acki C20:4w8 166023 1.7240.18 1.70 + 0.02 272403 316+ 0.11 200 403
Erucid acid C224w8 0.17 £ 0.08 0.20 + 008 0.7 = 0.07 029 + 000 0.33 + 003" 027 £ 0.11%
Totnl Morounsat 18.60 18.35" 1963 2243 211" za 5ot
Lincioio acid C18:2ubo 0.50 013 0.63 + 008 0.61+0.11 0.61 +0.00 0.67 + 004" 053 + 006
Ecosadencio acid C20:2ué 023 + 005 0.22 4 0.00 022 + 0.2 0.22 + 0.01 0.25 4+ 000" 0.12 + 0.02%
Dihome-¢-inolonic noid C20:3 w6 0.36 3 0.07 0.3 + 0. 020 + 0.00 0.23 + 0.2 0.35 + 001" 024 +002°
Arachidonic sod C20:4wbo €41+ 04 7.00 4+ 052 8.06 4+ 084" 7.23 4+ 061 BAT + 074 750 40,10
Docosatetraoncic acd C22:4 w6 320000 LRI ST /) 380 1050 274023 2.79 + 0.16 280 4 0.18
Docosapentasncic acd C22:6 w3 328 40,69 4604 080" 3728+ 085 1434013 1.40 £ 002 140 + 009
Docosahaxscncic scid C22:6w3 11.30 + 1.37 1566 4+ 103" 16.76 + 1.52" 1145 + 124 10.48 + 043 15.80 + 0.97%
Total 2545 31.93" 2" 2396 24.12° 23.4a%
PUFNSFA 0.79 104 1.027% 072 088" 034+
w3 1502 08" 20.43%% 1316 12248 17.44%%
wb 10.43 11.11° 12.70"* 10.80 1188 11.04°¢
] 1.83 100* 1067 am 3 3267
wb/w3 0.80 053 o053 082 g osad

O peossoc 35 maan + stancked dowstion. CG, Control Group; AD, Avocado o Group; AR Avcaso Pulp Group of *vs. OG. v AD. T45, aoobsoont phaso 45 duys of 6y 7590,
QRS payse 00 days of Ml Stadistcy’ lont wsod was One Ancn say iiowed Oy oy with a vol of signiicance of (D < 0.006)

presented greater time for the new object, relative to the
familiar object, in both short and long periods (p < 0.05)
{Figares 7C,D).

DISCUSSION

Maternal fatty acids transferred via the placenta, and through the
breast milk are considered critical for growth and development
{Lauritzen and Cardson, 2011; Innis, 2014). Thus, during
gestation and lactation, manipulation of lipids can affect the
availability of fatty acids to the fetus and the infant. In the
present study, avocado oil and pulp supplementation during
gestation and lactation positively influenced the offspring in: (1)
reflex development, (2) somatic maturation, (3} and memory
acquisition (4) the fatty acid profiles of the brains of the neonates,
adolescents, and adult offspring.

Maternal consumption of distinct lipids presents differing
consequences for the weight, growth, and somatic parameters in
their offspring. At birth, and during the first week of lactation,
the results reveal that the offspring of the AP mothers had
lower weights than the CG. Several studies have reported a
decrease in the body weights of offspring with mothers receiving
lipids from differing sources; at times presenting similar lipid
profiles as compared to those used in the present research,
such as cashew nuts {Melo et al, 2017), which has fiber as
Avocado pulp and Buriti oil (Mauritia flexuosa) (Medeiros
et al,, 2015), and olive oil (Sinchez et al, 2012; Priego et al,

w diet can induce reduction of plasma triglycerides (TG).
Increased maternal levels have been used as a biochemical marker
to increase offspring birth weight (Barbour and Hernandez,
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TABLE § | Roflox mahuration in ofspeing of mathars supplomontod with avocado

ol and pulp during gastation and lcttion.
Groups

Refiexes cG AO AP
Paimer grsp (PG BE-13 <l 435
Fighting rafiax () 419 42-7 425
Ve placing (V7 10 [B-13) 9{7-10) 7ot
Ci avaidanca {CAP 10 B-15) &8 & (2-101
Nogative gootads (GNP 20(19-21)  13(12-14f  0(10-12F
Auditory tartla rosponsa (ASP 12(11-13)  13{12-13)  11{10-12pF
Froa-kal righting (FFH)” 12 @-15) T4y b @

Ot Woro Gvprossoad 8 men values of e day AN and anayrod by Knasial-VWals
analyses of warknce dowed by Dun's st (5 < G.05).

“Compand i coniol raup.

*Comparad to the avocado of group

Consickring: *Day of rasponso dkapparance and *ay of meponso sppeawncd. O
(Controd Group-n = 15} AD $ocaso O Groupn = 15 AP pvocado Rup Goup-
n= 150

m CG
C ! mEmao
= 404 3 Ar
=
"l
-

1 7 14 21
Days

malmm@:rm@&$wdmﬂm=m
mathars racoved ion with do ol and pulp (3,000 mefg

mwﬂmmmmmwwmqpc

0.05). () stemicaly dfiorant 25 comparad to CG; () statisticaly dflaront as

comperad 1o AD. CG (Cortrol Croup-n = 15), AD {Avocado OF

Grouprn = 15), AP {Avocado Pup Groupn = 15,

2018) and their lower plasma levels have been associated with
improved insulin sensitivity and lower caloric influx (Nolan
et al, 1995). In contrast, diets with high levels of SFA induce
an increase in plasma triglycerides, consequently, they also
can induce increase in the offspring weight (Ferro Cavalcante
et al., 2013; Soares et al., 2013; Cadena-Burbano et al, 2017).
Therefore, it was observed in the present research a reduction
in TG at the end of the lactation of the mothers fed with the
pulp, when compared to the others groups (data not shown).
These findings are in agreement with Barbour and Hernandez
{2018).

Maternal  supplementation with avocado  promoted
acceleration in the postnatal appearance of several somatic
parameters. Lipids are recognized for promoting somatic growth
in the offspring {Del Prado et al., 1997). Both avocado oil and

| CG

T 8 = A0
E I AP
- 4
g
]
= 2 2

o-

I 7 14 2

Days

FIGURE 4 | Tal kingths of tha cfispring of mathan: spplomontod with
avocado o and pulp {3,000 mg'kg body waght) during gostation and
ctution. Dule @prssed ns maon + SEM and analyzed by ANOVA iolowod
by Tukay (o < 0.05). (3} statisticaly dflarant as compasd to $ho AD goup. CG
{Control Group-n = 15}, AD (faccado O Groupn = 15}, AP {faccado Pulp
Group-n = 15}

TABLE 6 | Somatic dawslopment in offspring of mothars supplemented with
evocado of and pulp during gestation and bctation.

Groups

Physical characteristios CcG AD AP
Ear unkiding -4 a4 3(2-4)
Auditory condui oponing 14 {1315 13 213° 11 (10-124"¥
Eyo apening 14 {12-15) 13(12-15) 14 (12-15)
Eruption of supanior incizors 10{8-12) 1{9-12) o@-11f
Eruption of inforor inczon 4{2-5) B (B9 (-8
Epidormic har appourance 32-4) 3(3-3) 3(2-3¢

Doy Were Quprassd as maan waics of the day MMz, analyrad by Knskal Vels
aralsk of varkice, Riowod by Dunn's kst § < 8.05.

CG fontrol Groypn = 15), AD ¢vooson OF Groupn = 15, AP (vocaso Puap
Groupn= 15}

pulp, despite having high amounts of oleic and palmitoleic acids
in their composition, have w-6 and -3 fatty acids, which have
been associated with physical growth in rat progeny (Santillin
et al., 2010; Ferro Cavalcante et al, 2013). These results are
consistent with experiments that used PUFA and MUFA in the
source foods (Ferro Cavalcante et al; 2013; Melo et al., 2017),
and the same for avocado lipids, yet results diverge for SFA-
source diets (Soares et al., 2009). The findings confirm that both
the quality and amount of lipids in the maternal diet directly
influence physical development in the offspring (Hausman
et al, 1991). DHA and ARA (in combination) are essential for
optimal growth and development early in life (Harauma ot al,,
2017).

During the critical developmental phase, essential fatty acdds
are needed for physical growth and good brain development.
The brain goes through processes that include neural network
organization; accumulation of DHA and ARA occurs to support
active neurogenesis and neuronal growth {Lauritzen and Carlson,
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FIGURE 6 | Influonce of matornal
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ion with avocado o and pulp on otal oftsping ambuation. Data axprosaod as moan and standand arror (£SEM),
analyzed by ANOVA, and followed by Tuley (p = 0.06}. (A) Adoloscont phase ofispring {T45); (B) Adut ofuprng (T90). 1at: first axposum; 2nd: sacond axposure. OO
fContral Group-n= 15} AQ (Avocado OF Group-n = 15}, AP (Avocado Pup Groupn = 15}, p < 0.05 vu. 12t axposura in tha apon fiokd.

2011; Innis, 2014), while modifying the fluidity and signaling of
neuronal membranes (Bazinet and Layé, 2014). In this period,
specific brain regions, including the hippocampus, striatum,
visual and auditory cortices respond similarly to nutritional
insults (Kretchmer et al., 1996), leading to long-term effects
{Morgane et al, 1993; Arcego et al,, 2017).

Qur results showed that at the end of gestation, or at
the beginning of the postnatal phase (T0), there was less
incorporation of DHA (C22: én3) in the brains of the AQ
and AP offspring. However, by the end of lactation, levels of
DHA had increased in brains of the AO and AP offspring as
compared to the control groups. In rodents, fetal demand for
fatty acid incorporation occurs from the last week of gestation
to the end of lactation (Morgane et al, 2002). This explains
the observed increase in DHA incorporation in the T2! brain
levels, as compared to TO levels. Accumulation of fatty acids in
the offsprings’ brains is influenced by pre-fetal and post-fetal
maternal supply {Innis, 2011). Avocado oil and pulp present low
linolenic acid content (ALA); a DHA precursor. The increases
observed in the brain levels for this fatty acid in the offspring of
mothers who consumed avocado oil and pulp oppose studies that
have found a positive relation between low ALA content and low
proportions of DHA in offspring brain tissue ( Amusquivar et al,,
2000; Melo et al,, 2017; Lopez-Soldado et al., 2018). However,
avocado presents high phospholipid (PL) content, present in
the lipid fraction of its pulp (Cowan and Wolstenholme, 2016;
Pacetti et al, 2017) and oil (Takenaga et al., 2008). Increases in
DHA uptake in the brains of the AO and AP offspring can be
explained by the presence of phospholipids in avocado. DHA
is synthesized by ALA desaturation and stretching reactions
{Pereira et al,, 2003; Novak et al, 2008), and when esterified into
PLs, is more efficiently incorporated into brain tissue (Murru
et al,, 2013; Kitson et al, 201&; Destaillats et al., 2018). Of
the phospholipids, lyso-phosphatidylcholine (LPC) as esterified

to DHA (LPC-DHA) is the most efficient way to cross the
blood-brain barrier inducing a greater deposition of DHA in
the brain (Nguyen et al, 2014). In the fetal brain formation
and postnatal development periods, LPC-DHA is associated
with an increase in exogenous PUFA uptake and deposition in
the membranes of brain tissue, which promotes higher DHA
deposition (Chan et al., 2018). One study reveals that offspring of
mothers fed LPC from DHA-enriched eggs present higher levels
of this FA in certain brain regions (Valenzuela et al,, 2010). These
findings are similar to the data found in the present study.

Reflex ontogeny is another parameter used to evaluate
development because it measures maturation and central
nervous system function early in life (Fox, 1965; Smart and
Dobbing, 1971). It also reflects the integrity of cerebellar
and sensorimotor development, and of vibrissae integration
(Zhang et al, 2010). Adequate reflex development depends
on myelination and synapse processes, and the action
of neurotransmitters (Bourre et al, 1987; Morgane et al,
1993). The anticipation of the negative geotaxis demonstrates
positive evolution in labyrinth and/or vestibule function, while
anticipation of cliff avoidance reflects sensorimotor function
maturity {Santilian et al, 2010). Righting reflex involves both
motor and visual functions {Boyle, 2001) and confirms the
nervous system’s maturation. Our results showed that avocado
oil and pulp promoted acceleration of neonate reflex maturation.
A number of experimental studies support the results of the
present study for animals treated with cashew nuts (Melo et al.,
2017), soybean and fish oil (Santillin et al, 2010), and goat’s
milk fat (Scares et al, 2013). However, our results verify that
consumption of avocado pulp promotes a more pronounced
acceleration in reflex; by anticipating six of the seven observed
parameters. At the end of lactation, SFA and MUFA levels were
lower in the brains of the animals treated with oil and pulp
than in the control group; while PUFA levels were higher in the
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brains of the animals treated with oil (13.5%) and pulp (28%).
These results suggest that high levels of PUFA may be directly
related to the offspring’s reflex development and the higher
consumption of pulp justifies the better result observed in these

The avocado used in the present research is a source
of bicactive components such as phenolics, flavonoids,
and carotenoids {Ameer, 2016), and the pulp has more of
these compounds than the oil. These substances cross the
placental barrier reaching the fetal tissue {Todaka et al, 2005),
accumulating in the retina (carotenoids) and playing an
important role in the development of vision and the nervous
system (Hammond, 2015; Zielinska et al., 2017). Thus, neonate
neuroprotection (polyphenols) (Loren et al, 2005) can induce
acceleration of somatic development and reflex in the offspring
(phenolics and flavonoids) (Ajarem et al, 2017). As well was
observed in the present work, where both avocado oil and pulp
promoted such acceleration in the development of the offspring;
the results for pulp being more pronounced. An opposing result
was found by Medeiros et al. (2015) Davila et al. (2017), where

the offspring of mothers supplemented with Buriti oil (rich in
carotenoids), presented delayed onset for palm grasp, righting
reflex and cliff avoidance reflexes.

In addition, we investigated long-lasting effects of maternal
supplementation on adolescent (T45) and adult (T90)
offspring, evaluating the influence of avocado consumption
on animal memory. At different stages of the cycle, neurons are
continuously produced in the dentate gyrus of the hippocampus,
but the ontogenetic stage in which the neurogenesis occurs is
crucial for memory processing. Neurons in the neonatal phase
are activated through different memory processes (Tronel et al,
2015). Learning and memory processes are performed in the
hippocampus dentate gyrus in cooperation with the cerebral
cortex (Eichenbaum and Lipton, 2008; Coutureau and Di Scala,
2009), and PUFAs, through metabolic imprinting mechanisms
affect brain functions during the development phase and
promote permanent effects (van Dijk et al,, 2011; Yehuda, 2012).

ARA and DHA are important constituents of membranes,
especially brain tissue (Martinez, 1992; Innis, 2007) and are
involved in different mechanisms that affect animal memory.
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DHA is involved in the expression of BNDF (brain derived
neurotrophic factor), NMDA receptor (N-methyl-D-aspartate)
synthesis, induction of LTP (long-term potential), and liberating
ghutamate in glutamatergic functions. Deficiency of -3 PUFA
alters the fatty acid composition of the fetal brain with
repercussions in the adult phase, increases fetal inflammatory
processes, and induces deficits in development and memory
{Labrousse et al, 2018). ARA is involved in the regulation of
the cholinergic neurotransmission system and in the GABA/Glu
regulatory system decreasing oxidative damage, and cellular
apoptosis (Li et al, 2015). These two PUFAs were incorporated
into the offsprings’ brains through maternal supplementation
with avocado, and ARA presented higher levels in the brains
of the AO group in adolescence and the AP group as adults,
while DHA presented higher levels in the AP and AO groups in
adolescence and only in AP animals in adulthood.

In the present study we used the Open Field Habituation
test and the Object Recognition Test (ORT) for evaluation of
non-associative learning of the adolescent and adult offspring.
In the Open Field Habituation test, repeated exposure to the

same environment tends to cause a decrease in locomotion,
recognized as a form of non-associative learning (Rachetti et al.,
2012). Our results showed that in the adolescent and adult
offspring, maternal supplementation with avocado oil and pulp
reduced locomotion in the second exposure. The same effect has
also observed in the animals fed a diet containing cashew nuts
(Melo et al,, 2017) and fish oil (Rachetti et al., 2012). Increased
habituation, yet with memory impairment has occurred with
peanut oil, containing little LA (Frances et al., 1996), but with
an excess in saturated fat (Page et al, 2014).

The Object Recognition Test (ORT) involves an acquisition
phase, where the rodent explores a chamber containing two
similar objects and a recall phase, which occurs after a time
interval in which one object is replaced by a new one. From the
time interval used between the exposures, and from the ratio of
time spent on the exploration of the new vs. the familiar object,
and from the greater interaction with the new object, we may
observe facilitation of short and long term memory (Cordner
and Tamashiro, 2015); recognition of place, that involves the
hippocampus (Barker and Warburton, 2011) and preference for
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the new object, which involves the prefrontal cortex (Mumby
and Pinel, 1994; Bussey et al,, 2000). Our results demonstrated
that maternal supplementation with avocado oil and pulp
facilitated acquisition of recognition memory in the adolescent
and adult offspring, evidenced by a higher exploration rate {of
the new object}, both short and long term. Melo et al. (2017) has
demonstrated that a maternal diet containing cashew nuts yields
good short-term memory performance in the offspring. The
offspring of mothers supplemented with fish oil has been shown
to present good long-term memory performance (Rachetti
et al, 2012). Other studies have demonstrated improvements
in cognitive performance in offspring in relation to maternal
consumption of olive (Pase et al, 2015} and linseed oils
{Fernandes et al., 2011). However, maternal consumption of
high «-6/c-3 ratio {Lépinay et al., 2015); saturated fats {Frances
et al, 1996; Souza et al., 2012; Arcego et al., 2017), hydrogenated
vegetable fat (Pase et al, 2017) and interesterified fat (D'avila
et al., 2017) caused damage to the animals’ memory. The results
obtained in our study demonstrate that increased ARA and DHA
levels in the brains of the offspring of the supplemented groups
interfered directly in memory development. Yet both DHA
and ARA are responsible for maintaining optimal growth and
functional behavior of the offspring (Harauma et al, 2017). DHA,
in particular, is capable of protecting the hippocampus against
oxidative stress and apoptosis; preventing memory deficits (Gao
et al, 2016).

The positive effects of maternal supplementation with
avocado oil and pulp on the memory of from adolescents to
adult offspring can also be explained by its antioxidant potential
Experimentally, the antioxidant action of this fruit has been
proven in diabetic rats supplemented with its oil (Ortiz-Avila
et al, 2015). Studies have shown that the effect of maternal
consumption of flavonoids on offspring memory is associated
with decreased oxidative brain damage; due to reductions in lipid
peroxidation levels, and generation of reactive species, and an
increase in the antioxidant defense system as well as BDNF in the
adult rat pre-frontal cortex (Bussey et al., 2000), and modulation
of hippocampal signaling (Corona et al, 2013).

In the present study, the fatty acid profile in the brains of
the offspring of mothers supplemented with avocado oil and
pulp during gestation and lactation was measured at different

REFERENCES

stages of the life cycle. The animals of the two experimental
groups, oil and pulp showed better somatic maturation, an
anticipation of reflexes and improvement in memory. These
findings demonstrate the benefits that maternal supplementation
with a source of monounsaturated fatty acids and antioxidant
compounds can bring to the development of the brain, persisting
into adulthood.

As a limitation of this study, the groups treated with
avocado were not compared with animals treated with lipid
source deficient in essential fatty acids. On the other hand,
we objected with the present study to define whether maternal
supplementation with pulp and avocado oil could have a distinct
effect on neurodevelopment of the offspring.

CONCLUSION

Maternal supplementation with avocado oil and pulp influences
the development of the nervous system of the offspring in the
short and long term, accelerating somatic development and reflex
maturation while improving memory in the adolescent and adult
phases.

AUTHOR CONTRIBUTIONS

This research was carried out by all authors. JS, MP, and MM
designed the theme of the study. MM, RM, ES, DP and MC
performed the experimental methods designed. SS and CD
performed fatty acid analysis and VV carried out analysis of
the antioxidant components. S, MO, FM, and MM analyzed
the data. JS and MM interpreted the results and wrote the
article.

FUNDING
This study was financed in part by the Coordenacao de

Aperfeicoamento de Pessoal de Nivel Superior-Brasil (CAPES)-
Finance Code 001.

ACKNOWLEDGMENTS
We thank all the contributing authors of the study.

Arcego, D. M., Tomiazzo, A. P., Krolow, R, Lampert, C., Berlitz, C, dos Santos
Garcia, E, et a (2017). Impact of high-6at diet 2nd early stress on depressive-

Ajrem, J., Al Rashed, G, Mobany, M., and Allam, A. (2017). Nearobehavioral
changes in mice offspring exposed to green tea during fetal and early postnatal
development. Behav. Brain Funct. 13:10. dot 10.1186/512993.017.-01258-1

ML(ml&Am&uamwbemymdmnndnhmdb

mve role in Adv. Newrobiol 12, 337-3540
dok: 10.1007/978-3-319- zum-u 18

Amausquivar, E, Ruperez, F. l..Barbu.C andenE.(moo).lnwm&nc
acid rather than sponsible for the delayed
dndopmxnoﬁpnngofm‘cdﬁshoimmddoﬁmoidurngmnq
and lactation. I. Natr. 130, 2855-2865. doi- 10.1093/jn/130.11.2855

Apryatin, A. S, Sidorova, Y. S, smpnv A,hhhm,.& 'l'mnar"{\' and
Mazxo, V. K. (2017). N Y. ive function in the
mmnoddof&maﬂnyhypﬂbdmaudobﬂy Buil Exp. Biol Med

163, 3741 dok: 10.1007/510517-017-3732-x

like behavicr and plasticity in adult male rats. Mol Newrobiol. 55,
2740-2753. dot 10.1007/512035-017-0538-y

Barbour, L. A, and Hermander, T. L. (2018). Maternal lipids and
fetal overgrowth: making Gt from Gt Cin Ther 40, 1638-1647.
dok 10.1016/.clinthera 20 18.08.007

Barker, G. R., and Warburton, E C. (2011). When is the hippocampus
involved in recogmitiom memocy?! J. Neurosd. 31, 10721-10731.
doi: 10.1523TNEUROSCL6413-10.2011

Bazinet, R_P., and Layé, S (2014). Polyunsaturated Gty 2cids and theirmetabolites
in beain function and discase (19%6). Nat Rev. Newrosa. 15, 771-785
doi: 10.1038/nrn3820

Benzie, L F., and Strain, J. J. (3999). Ferric reducingfantioxidant power
assay: direct measure of total antioxidant activity of biological fuids
and modified vemsion for simultancous measarement of total antioxidant

Fronters in Nowoscionoe | wew fonticrsinong

Jenuary 2010 | Volume 13 | Adtica 9



Moic of ol

114

Avocado Mtors Neurodewolopenant n Pup Pats

power and ascorbi acd coscestration. Methods Emcymol 299, 15-27.
doi: 10.1016/50076-£879(59)99005-5

Bourre, J. M., You You, A., Durand, G., and Pascal, G. (1987). Slow recovery of the
fatty acid composition of sciatic perve in rats fod 3 diet indtiallylow in w-3fatty
acids. Lipids 22, 535-338. doi: 10.1007/BF02540371

Boyle, R. (2001). Vestibulospinal coatrol of reflex and voluntary head movement.
Amn. NY. Acad. Sci. 942, 364-380. dok: 10.1111/5.1749-6632.2001.1b03760.x

Beenna, | T, and Lapillonne, A. (2009). Background paper oo fat and fatty acd
requiresnents during pregnancy and lactation. Amn. Nutr. Metab. 55, 97-122.
dok: 10.1158/0002258598

Bussey, T. J., Duck, §, Muir, | L, and Aggieton, J. P. (2000). Distinct patterns
of behavioural impairments resulting from fornix transection or newrotoxic
lesons of the perirhinal and pestrhinal costices in the rat. Behav. Brain Res.
111, 187-202. doi: 10.1016/50166.-4328{00)00155-8

Cadena-Burbazo, E. V, Cavalasti, C. C L, Lago, A B, Benjamim, R. A
C., Ofiveira, T. B D. P, Silva, . M, et 2l (2017). A maternal high-
favhigh-calocic diet delas reflex ontogeny during lactabion bat eshances
locomotor performance daring late adolescence in rats. Nutr. Newrosci. 28,
1-12 doi 10.1080/1028415X.2017.1354958

Chan, ). P., Woag, B. H, Chin, C. F., Galam, D. LA.FWJ C.Wong,1.C a2l
(2018). The lysolipid transp Mfsd2a lipogenesis in the developing
brain. PLoS Biol 1602006443, dot: lﬂle)umﬂmm

Cordner, ZZ A, and Tamashiro, K. L. X (2015). Effects of high-fat
diet exposure on larming & memory. Physiol Behav. 152, 363-371.
doi- 10.1016/] physbeh.2015.06.008

Corona, G, Vanzouz, D, Hercelin, ]., Williams, C M., and Spencer, I. P. (2013).
Mwmwmmwmm;
improves spuhl woihng METROTY via the modulation of hip | and
cortical p jon. Antiox. l‘dﬂrw IO. 1676- 1685.
doi m.lossfas.zmzsm

Couturean, E, and Di Sala, G (2009). Entorhinal cortex and

3 Prog. Newopsychopharmacol Biol Psyckistry 33, 753-761.

doi- 10.1016/ pnpbp.2009.03.038

Cowan, A. K. and Woelstesholme, B. N. (2016). " Avocado” in Encyclopedia of Food
and Heith, eds B. Caballero, P. Finglas, F. Toldra (San Diego, CA: Academic
Press), 294-299. dok: 10.1016/B978-0-12-384947-2.00049.-0

Davila, L. F, Dias, V. T, Vey.LT Milanes, L. H., Rovers, K., Emanuelli, T.,
et al (2017). Toxicological aspects of & erified f21: brain damages in rats.
Toxicol. Lett. 5, 122-128. doi: 10.1016/j 20xlet 2017.05.020

Del Prado, M., Delgado, G, and Vilalpando, S. {1597). Maternal Epid mtake
during pregnancy and lactation alters milk composition and production and
litter growth in rats. . Nutr. 127, 458-442. doi: 10.1093j0/127.3.458

Destaiilats, F, Oliveira, M., Bastic Schmid, V., Masserey-Bmedlegy, [, Giutinda,
F., Thakkar, S K., e al. (2018). Comp of the ¥ tion of DHA
momyndmrimwhenpwrdedaquidynml(TMD.
Meacacylglycerol (MAG) or phospholipids (PL) provides new insght into fatty
2cid bioavailability. Natriewmts 10:E420. doi: 10.3390/nui0050620

Dreher, M. L., and Davemport, A. |. (2013). Hass awocade composition
and potential health effects. CritRev. Food. Sa Nufr. 33, 738-750.
dot: 10.1080/10408398.201 1.556739

Dyall, § C. {2017). Interplay between n-3 and n-6 long-chain polyunsaturated fatty
acids and the endocannabinoad system in brain protection and repair. Lipeds 52,
885-500. doi: 10.1007/511745-017-4292-8

Fichenbaum, H., and Liptom, P. A_ (2008). Towards a fanctiosal organization of the
medial temporal lobe memory system: role of the and medial
entorhinal cortical areas. Hippocampus 18, 1314-1324. dod: 10.1002/hipo, 20500

Fernandes, F. S, Soum, A. §., Carmo, M. D, and Beaventurz, G. T. (2011).
Maternal intake of flaxseed-based diet (Limum usitatisimam) on hippocampus
fatty acid profile: implications for growth, locometor activity and spatial
memory. Nutrition 27, 1040- 1047. doi: 10.1016/j.nut 2010.11.001

Ferro Cavalcante, T. C., Lima da Siiva, |. M., da Marcelino da Sihva, A_ A, Muniz, G
S. da Luz Neto, L. M., Lopes de Souza, S, et 2. (2013). Etfects of 2 westernized

Frances, H., Monier, C., Clement, M., Lecorsies, A., Debray, M., and Boarre, . M.
(1996). Etfect of distary alpha-linolenic acid deficency on habitmbion. Life Sci.
58, 1805-1816. doi: 10.1016/0024-3205(96)00164-6

Gao, 1., Wu, H., Gao, Y., Lung S, San, C, Wang, P, et al. (2016). Maternal
DHA supplementation protects rat offspring against impairment of learning
and memecy following p J to valproic acd. /. Nutr. Biochem. 35,

87-95. dok: w.mwmnlbn.zmsm 003

Garbay, B., Heape, A. M., Sargued, F. and G C. (2000). Myelin
syn&ekh&epeﬁphadmmm?mg.h’muﬁﬂﬂ.th
dok 10.1016/50301-0082(59)00045-0

Gonzilez, H. F., and Visentin, S (2016). Nutrients and neurodevelopment: lpids.
Arch. Argent. Pedatr. 1 14, 472-476. doi: 10.5546/23p 2016.60,472

G M., Hodgki S. C,, Fong, B, Nomis, C,, Guan, |, Krageloh,
C. U, « al. (2010). Maternal supplementation with 2 complex milk lipid
mixtare during pregmancy and hctation alters ] brain bipid composition
but Iacks effect co cognitive function in rats Nutr. Res. 30, 279.289.
doi: 10.1016/] outres 2010.04.005

Hammond, B. R. (2015). Dietary carotemoids and the nervous system. Foods 4,
695-701. doi: 10.3390/foods4040638

Harauma, A, Hatanaka, E, Yasuda, H., Nakamura, M. T, Salem, N, and
Moriguchi, T. (2017). Effects of arachidonic acid, eicosapentaenoic 2cd and
docosahexaemoic acd on brain development using artificial rearing of delta-6-
desaturase knock Prostagiandins Leuk. Essemt. Fatty Acids 127, 32-39.

mice.
doi: 10,1016/ plefa 2017.10.001

Hartman, L., and Lago, R. C. A_ (1973). Rapid preparation of fatty acids methyl
esters. Lab. Pract. 22, 475-476.

Hausman, D. B, Mcdoeskey, . M., and Mastin, R. J. (1991). Maternal dietary fat
type influences the growth and Gty acid composition of newborn and weanling
rats [ Nutr. 121, 19171923, do 10.1093/jn/121.12.1917

Herrera, E., and Ortega-Senovilla, H. (2014). Lipid metabolism during p
and its implications for fetal growth. Curr. Pharm. Biotechnol. 15, N—Sl
dok 102174/1389201015666140330192345

Inmis, S M. (2004). Polyunsturated fatty acds in human milk: an
essential role in infant development Adv Exp. Med Biol 554, 27-43.
dok: 10.1007/978-1-4757-4242-8_3

Inzmis, §. M. (2005). Essential ity acid transfer and fetal development. Placenta 26,
§70-875. doi: 10.1016/j.placenta 2005.01.005

Inzmis, §. M. (2007). Fatty acids and early human development. Early Hum. Dev. 83,
761-766. doi: 10.1016/}.carThumder.2007.09 004

Inzmis, S M. (2011). Metabolic programming of long-term outcomes doe
to fatty acid nutrition in early life Materm Child. Nuwtr. 7, S112-S123,
dok 10111 1/1.1740-8709.2011.003 18

Inpis, 5. M. (2014). Impact of maternal diet oo human mik
and peurvlogical development of infants. Am /. Clin. Nutr. 99, 7345415,
dot: 103945/3)cm 1 13.072595

Kitsom, A P, Metherel, A_ H., Chen, C T, Domenichicllo, A. F., Trépaniez, M.
Q. Berger, A, et al (2016). Effect of dietary docosshexaencic acd (DHA) in
phospholipids or trighycerides on brain DHA uptake and accretion. J. Nutr.
Biockem. 33, 91-102. doi: 10.1016/).jnuthio. 2016.02.009

Kretchmer, N, Beard J. L, and Carsca, S. (1996). The role of nutrition
devélopment of mormal cognition. Am. J. Cn Nuwr. 63, 997-1001
doi: 10109V aHcn/63.6.597

Labrousse, V. F., Leyrolle, Q, Amadien, C., Aubent, A, Serea, A, Coutureand, E,
et al. (2018). Dictary omeyz-3 deficency exacerbates mflammation and reveals
spatial memory deficits in mice exposed to ride during gestation.
Brair Behav. Immun. 73, 427-440. doi: 10.1016/j bbi.2018.06.004

Lauritzen, L, and Carison, S. E. (2011). Maternal fatty acid status daring pregnancy
and ctation and relation to newborn and infant status. Matern. Chuld. Nutr. 7,
41-58 dok 10111 1/1.1740-5709.201 1.00303.x

Lépimay, A. L, Larniew, T., Jotfre, C, Acar, N, Girate, I, Castanca, N, et al.
(2015). Perimatal high-fat et increaseshippecampal vulmerzbility to the

diet on the reflexes and physical maturation of male rat offspring during the
perinatal period. Lipids 48, 1157-1168. doi: 10.1007/511745-013-3833.2

Folch, J., Lees, M., and Sloane Stanley, G. H (1957). A simple method for the
isolation and parification of total hpids. J. Biol. Chem. 226, 457-509.

Fox, W. M. (1565). Reflex-catogeny and behavioural development of the mouse.
Amim. Behav. 13, 234-241. dod: 10.1016/0003-3472(65/50041 -2

dverseesfects of subseg high-fat feeding, Pspchoncuroendocrinology 33,
8293, dok 10,1016/} psyneuen.2014.12.008
11, C., Wang, Q. Li, L, Liu, Y., and Diao, H. (2015). Arachidonic acid attecuates
learning and memory dysfunctica induced by repeated isoflurane anesthesia in
rats Int [ Clin. Exp. Med. 8, 12365-12373.
Lim, M, L, X. Q, Weber, C, leec, C Y, Brown, |, and Liu,
R. H (2002). Antioxidast and diferative  activities of

——

Fronters in Nousscianas | www iromionsin.ong

Jenunry 2019 | \alume 13 | Artida 9



Moo ot ol.

115

Swocado Ators Neurodowslopenant n Pup Rats

raspberrics. [ Agric Food Chem 50, 2926-2930. doi: 10.1021/j81
11208

Lopez-Soidado, 1., Ortega-Sencvilla, H, and Herrera, E. (2018). Maternal adipose
tissne becomes a source of fatty acids for the fetus in fasted pregnant rats
given diets with ditferent fatty acid compositions. Far. J. Nufr. 57, 2963-2974.
dok: 10.1007/900394-017-1570-4

Loren, D. ]., Seeram, N. P, Schulman, R. N, and Holzman, D. M. (2005).
Maternal dietary sapplementation with pomegranate juice P tive

Pase, C. S, Roversi, X, Roversi, K., Vey, L. T, Dias, V. T, Ve!.l Qai.
(2017). Maternal trans fat intake during p y or L
mmqnddmﬂDNFandTﬂh&mlhehmudaﬂ
offspring exposed to chromic mild strews. Physiol Behay. 169, 114-123.
doi: 10,1016/ physbeh 2016.11.009

Pase, C. 8, Teixeira, A M., Rovers, K., Dias, V. T., Calabrese, F., Molteni, B, et al.
(2015). Olive o-enriched diet reduces brain oxidative damages and ameliorates

in 2n animal model of neonatal hypoxic-ischemic brain injury. Pediatr. Res. 57,
858254, dok: 10.120301.PDR.0000157722.07810.15

Makrides, M., Colins, C. T., and Gibson, . A. (mu).lnpmofﬁuyandm
oa growth and behavioural devel inh Matern. Child. Nutr.
7,80-88. doi: 10.1111/}.1740-8709.201 L. GBOLX

Martinez, M. (1992). Tissue Jevels of polymnsaturated fatty acids
during ecarly buman development [ Pedistr. 120, 12951388
doi: 10.1016/50022-3475(03)81247-8

Medeiros, M. C., Aquino, J. S, Soares, J., Fueiroa, E. B..Muqnu.H M.Pe-oa.,
D.C., etal. (2015). Buriti oil (Mauritia fi L) Jy impacts
Mmm:dmmmndmmmmm Int.
1. Dev. Newrosdi. 46, 7-13. doi: 10.1016/j ijdevnen.2015.05.001

Medina, |. M, and Tabermero, A. (2002). Astrocyte-synthesized oleic 2cid
behaves as a2 newrotrophic factor for meuroas. I Piysiol Paris 96, 265-271.
dot: 10.1016/50928-4257(02)00015-3

Melo, M. F. F. T., Pereira, D. E,, Sousa, M. M, Medeiros, D. M. F,, Lemos, L. T.
M., Madruga, M. 5., et al. (2017). Maternal intake of cashew nuts acoclerates
reflex maturation and facilitates memory in the offspring, Int. . Dev. Newrosci.
61, 58-67. doi: 10.1016/].ijdevne. 2017.06.006

Menaitty, L. V., Oliveira, J. L, Morass, C A, Estadella, D, Oyama, L. M., Oer do
Nascimento, C. M., et al (2015). Type of fatty acds in maternal diets during
pregmancy andlor lactation and metabolic coasequences of the offspring. 1
Nutr. Biockem. 26, 99-111. doi: 10.1016/].jouthio.2014.10.001

Morgane, J. P., Makder, D. |, and Galler, ]. R (2002). Effects of prematal protein
malsatrition oa the hippocampal formation. Neawrosci. Biobehav. Rev. 26,
471-483. dok: 10.1016/50149-7634{02)00012-X

Maorgane, P.J., Austin-LaFrance, R., Bonzio, I, Tonkiss, ]., Dizz-Cintra, S, Cintra,
L., et al {1993). Prenatal malnutriion and of the brain. Neurosc.
Biobehav. Rev. 17, 91-128. dok 10.1016'S0149-7634(05)80234-9

Mamby, D. G, and Fizel, J. P. (1994). Rhinal cortex lesions and cbject recognition
in rats. Behav. Newrosal. 108, 11-18. do 10.1037/0735-7044.10&.1.11

Marma, E, Bamni, S, and Carta, G. (2013). Nutriticmal propertiess of
dietary omega-3-enriched phospholipids. Biomed Res. Inf. 2013965417,
doi: 10.1155/2013/965417

Nava-Mesa, M. O, Lamprez, M. R., and Ménera, A. (2013). Divergent short- and
long-term effects of acute stress in object recognition memory are mediated by
endogenous opioid system activation. Neurobiol Learm. Meme 106, 185-192.
doi: 10.1016/nlm.2013.05.002

Nguyen, L. N, Ma, D, Sha, G., Wong, P., Czenave-Gassict, A, Zhang, X,
et al. (2014). Mfdza is a transporter for the essential o3 fatty acd
docosabexaenoic acd. Nature 503, 503-306. doi: 10.1038/naturel 3241

Nokan, CJ., Riley, 5. F,, Sheedy, M. T., Walstah, J. E,, and Beischer, N. A {1995).
Maternal seram trighyceride, glucose tolerance, and meonatal birth weight
ratio in pregnancy. Disbetes Care 18, 1550-1556. dot 10.2337/diacare 18.12.
1550

Novak, E M, Dyer, R A.udhms sM.(znoa) High dietary w-é
fatty acds ibute to ic acd in the developing
brin and inhibits secondary neurite growth. Brain Res 1237, 136-145
doi: 10.1016/] brainres 2008.07.107

Oxtiz-Avila, O., Esquivel-Martinez, M., Olmos-Orizaba, B. E, Ssaveedra-Molina,
A, Rodriguez-Orozco, A. R, and Cortés-Rajo, C. (2015). Avocado oil improves
mitechondrial function and decreases oxadative stress in brain of dizbetic rats.
I. Diabetes Res. 2013485739, doi: 10.1155/2015/485759

Pacetti, D, Bosdli, E., Lucd, P., 2nd Frega, N. G. (2017). Simultancous analysis of
glycolipids and phosphobids molecular spacies im avocado fruit. J. Chromatogr.
A 1150, 241-251. dok 10.1016/).chroma 2006.10.022

Fage, K C,, Jones, E K., and Anday, E. K. (2024). M:n-nlandpommg
high-fat diets disturb hippocampal gene
function. Am. | Physiol Repul Imtegy. Cb-p.PhyswLmllsz?Rsn
doi- 10.1152/2jpregu 003192013

phic factor gene expression in diferente hfe stages of rats. [ Nufr.

Biockem. 26, 1200- 1207. dot- 10.1016/ jnuthdo 2015.05.013

Pereira, 5. L, Leomard, A. E., and Makesj, P. (2003). Recent advances in the study
of fatty acd desaturases from animals and Jower eukaryotes. Progagiandins
Leukot. Essent. Fatty Acids 68, 97-106. doi: 10.1016/50952-3278(02)00259-4

Prado, E. L, Ashorn, U, Phuka, ]., Maleta, K., Sadalaiq, J., Oxks B. M., ot al.
mll).Ammufnculmn&mngpmudeam
with | cogni and ing, Matern. Child Nutr. 14212516
doi 10111 V/mm. 12546

Priggo, T, Simchez, I, Garca, A. P, Palce, A, and Picd, C. (2013}
Maternal dietary fat affects milk ftty acid profile and impacts on weght
#in and thermogenic apacty of suckding rats Lipids 48, 481-495
doi 10.1007/511745-013-3764-8

Palido, R., Bravo, L, and Ssura-Calixto, F. {2000). Antioxidant activity of dietary
polyphenols as determined by 2 modified ferric reducngfantioxidant power
assay. J. Agric. Food Chem. 48, 396402, doi: 10.1021/jf9913458

Rachetti, A. L. F,, Anda, R. M., Py, C. L, Zazmin, K. A, Fernades Santos, L,
Frussa-Filho, R, et 2l (2012). Fish ofl supplementation and physical exercise
program: distinct effects on ditferent memory tasks. Behav. Braim Res. 237,
253289, doi: 10.1016/}.bbr.2012.09.048

Sinchez, |, Prego, T. Garcia, A. P., Liopis, M., Palon, M, Picé, C, et al
INIlenppkmm'ﬁmanso(ﬂum&nm&mg
pregmancy and hactation diferentially affects feeding behavi
puwwmlcofl.helqmnsyﬂm..llalNu!r liwd.l!a 56.17!5 1728
dok 10.1002/mnfr201200211

Santillin, M. E., Viecesti, L. M, Mantini, A. C, Caneo, M. F,, Ruiz, R. D,
Mangeand, A, et al. {2010). Develop 1 and behavioral effects of
peninatal expo- sure to diets with different n-6: n-3 ratios in mice. Nufrition
26, 423-431. dok: 10.1016/5.0vaL. 2009.06 005

Sinclair, A J. (1975). Long-chain polyunsaturated fatty acids in the mammalian
brain. Proc. Nutr. Soc. 34, 287-291. dod: 10.1079/PNS 19730051

Smart, | L, and Dobbing. . (1571). Vulserability of developing
Effects of early nutritional & onreﬂa geny
of behaviour in the rat. &mn Res. 28, 85-95 dok 10.1016/0006-8993(71)
20526-9

Soares, A K, Guerrz, R. G, de Castro, M. L, Amando-dos-Santes, A., Guedes,
R. C. A, Cabral-Filho, . E., et al (2009). Somatic and reflex development
in suckling rats: effects of mother treatment with ketogenic diet associated
with lack of protein. Natr. Newrosai. 12, 260-266. dot: 10.1179/147683009X4
2427

Soares, J. K B., de Mdo, A P, Madeiros, M. C,, Queiroga, R. C. E, Bomfim,
M. A, Samtiago, E C, et al (2013). Anxiety behavior is reduced, and
physical growth is improved in thepeogeny of rat dams that comsumed bpids
from goat malk: an devatedplus maze analysis. Newosc Lett. 552, 25-29.
doi: 10.1016/) neulet. 2013.07.028

Souma, A. S, Rocha, M. S, and Tavares do Carmo, M. D. (2012). Etfects of 2
normolipidic diet contaiming trans fatty acds during perinatal period on the
growth, hippocampus fatty acd profile, and memory of young rats according
to sex. Nutrition 28, 455-444. doi: 10.1016/).0at.201 1.08.007

Surveswaran, S., Cai, ¥. Z, Corke, H., and San, M. (2007). Systematic evaluation
of natural phenolic anticxidants from 133 Indian medicinal plants. Food Chem.
102, 938953, doi: 10.1016/].foodchem. 200606 033

Takenaga, F., Matsayama, K., Abe, S, Torii, Y., 20d Itoh, S (2008). Lipid and fatty
acd composition of mesocarp and seed of avocade fraits harvested at northern
range in Japan. . Obeo Sa. 57, 591-597. doi: 10.5650/)0s.57.591

Tedaka, E, Sakura, K, Fulata, H, Miyagawz, H., Umki, M., Omed,
M., « al. (2005). Fetal gens—The differeace in
ﬂﬁmmmmwmfm&mhﬁ 195-203.
doi: 10.1016/).envres 2004.11.006

Tromel, S., Lemaire, V., Charrier, V. Montarca, M. F, and Abrours,
D. N. (2015). Infuence of ontogenetic age on the role of dentate

beain 11

b-L—A_

Fronfiors in Nawsscianoo | www irontionsin.ong

Jenuany 2019 | Volume 13 | Atida &



Moo ot ol

116

Hwocado Ators Nourodoalopenant n Pup Rats

granule neuron. Braim Struct. Fumct. 220, 645-661. doi: 10.1007/500429-014-
0715y

USDA (U.S. Department of Agricalture) (2011). Avocado, Afmond, Pistachio and
Walnut Composition. Nutrient Data Lab y. USDA National Nutrient
Database for Standard Reference, Release 24. Washingtom, DC: US
Department of Agriculture.

Vaenzuch, A., Nieto, S, Sanhoenza, |, Mnrydo.h,longadZannm
P. (zom). Sq?lmmng &mle rats with D

acid and acetylcholine in the brain and improves

the memory and learning capabilities of the pups. Grasas Aceiles 61, 16-23.
doi- 10.3989/gy2 053709

van Dijk, G, Kacsindi, A, Kébor-Nyakas, D. Lihgys.i,nd‘lyim.c.unn)
Perinatal polyunstaurated fatty acids supplementation causes alterations in
foel homeostasis in 2dult male rats but does mot offer resistance against
STZ-induced diabetes. Horm. Metab. Res. 43, 938-943. dot: 10.1055/5-0031-12
91334

Yehuda, S. (2012). Polyunsaturated falty acids as putative cognitive enhancers.
Med. Hypotheses 79, 456-461. dok: 10,1016/ mehy.2012.06 021

Zhang, Y, Li, N, Yang, )., Zhang, T, and Yang Z (2010). Effects of
maternal food restriction ca physcal growth and neurcbehavior in newborn

wistar rats. Brain Res. Bull 83, 1-8& dot 10.1016/ brainresbull 2010,
05005

Zhishen, |, Mengcheng, T, and Faaming, W. (1999). The determination of
flavonoid contents in mulberry and their savenging effects on superoxide
radicals. Food Cham. 64, 555-559. dok 10.1016/50308-8146(58)00102-2

Zichnska, M. A, Wesclowska, A., Pawlus, B., and Hamalka, J. (2017). Health
effects of carotencads during pregmancy and hctation. Nufrients 9E838
dok 10.3390/nu9080838

Conflict of Interest Statement: The authors declare that the research was
conducted in the Bbsence of any commercial or financial redationships that could
bec dasap ial conflict of &

Copyright © 2019 Melo, Pereira, Moura, Siva, Melo, Dias, Sibva, Ofiveira, Viera,
Pintado, Santes amd Soarss. This is an open-aecess article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the origing author(s) and
wmwmgmmummwwmmnm,om
is cited, in eocovdance with accepted academic practice No use, distribubi
mummmmmmmmw

Frontors in Nauracanoo | www_ironfominorg

16

Jerwary 2010 Volume 13 | Arfida 9



117

5 CONSIDERACOES FINAIS

A suplementacdo materna com 0leo e polpa de abacate mostrou potencial efeito na
melhora do perfil lipidico e reducdo do indice aterogénico, ao final da lactacdo, diminuindo o
risco de doengas metabdlicas. Em adicdo, os niveis de TGO, TGP e MDA hepaticos
apresentaram-se reduzidos, refletindo diminuicao na peroxidacao lipidica. Os resultados mais
pronunciados da polpa, em relacdo ao 6leo, na diminuicdo do risco aterogénico, nos menores
niveis de MDA hepético e maior reducdo da gordura corporal podem estar associados ao alto
conteldo de fibras dietéticas e maior atividade antioxidante.

Na fase pds natal da prole, a suplementacdo com 0leo e polpa também promoveu
aceleracao na ontogenia reflexa e no desenvolvimento somatico. Nas fases adulta e adolescente,
a melhor aquisi¢do da memaria em curto e longo prazo foi associada ao aumento dos &cidos
graxos poliinsaturados nos cerebros e indicou o efeito duradouro do consumo materno do
abacate, que repercutiu no comportamento da prole em distintas fases do ciclo. Sup6e-se que a
melhora da composicao de acidos poliinsatirados nos cérebros T21, T45 e T90, com destaque
para DHA, relacionam-se com os fosfolipidios do abacate por serem facilitadores da
incorporagéo.

Sugere-se pesquisas futuras avaliando os efeitos do consumo continuado do 6leo e
polpa, pds desmame até a fase adulta e seus efeitos bioquimicos e comportamentais na

senescéncia.
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