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RESUMO

A saliva pode informar estados fisiologicos e patolégicos do corpo e isto
permite sua aplicacdo para agdes clinicas de uma odontologia personalizada.
Os beneficios do aleitamento materno para reducdo da morbidade, reducéo de
doencas infecciosas e prevengao de baixo peso em recém-nascidos estdao bem
caracterizados. A espectroscopia de infravermelho com transformada de
Fourier acoplada a um sistema de reflecténcia total atenuada (ATR-FTIR) € um
excelente método para analises bioldgicas, no entanto, aplicagbes em
determinacao do estado fisiolégico estdo apenas comegando a emergir. Ainda
nao foram descritas alteragbes na composicdo salivar de criangas sob
amamentacao exclusiva em comparacao com aleitamento parcial. Desta forma,
no presente trabalho foi utilizada a espectroscopia ATR-FTIR para avaliar a
saliva de bebés com até quatro meses de idade sob aleitamento materno
exclusivo ou sob aleitamento misto (com associacdo de amamentagcédo e
férmula) buscando identificar possiveis mudangas nos componentes salivares
relacionados a alimentacdo. Os modos vibracionais 1650 cm-1 e 1153 cm-1,
que identificam o alongamento com uNH (Amida |) e C-O-C (regiao de
carbohidratos livres e conjugados), foram menores (p <0,05) na saliva de
criangas com aleitamento parcial em comparagdo com criangas com
aleitamento materno exclusivo. Considerando que uma vibragcado caracteristica
de glicose (como grupo carboidrato livre) em 1030 cm-1 permaneceu inalterada
(p> 0,05) em ambos os grupos, este trabalho demonstrou que a insergéo de
aleitamento misto promoveu reducédo da amida | e de glicoproteinas (grupos de
carboidratos ligados covalentemente a diferentes proteinas) em comparacgéo
com aleitamento materno exclusivo. Este achado pode ser um importante
indicativo para novas analises de protedmica e metaboldémica que poderao se
relacionar com alteragdes nas funcbes salivares de bebés sob diferentes
formas de aleitamento.

PALAVRA-CHAVES: Lactente, aleitamento materno, aleitamento artificial,
saliva, FTIR-ATR.



ABSTRACT

Saliva can inform the physiological and pathological state of the body. The
systemic benefits of exclusive breastfeeding in newborns are well documented,
however the effect of supporting brestfeeding comparing to exclusive
brestfeeding on salivary components remain unclear. Altogether, the aim of the
present study was compare the salivary composition in supporting breastfed
and exclusive breastfed infants using attenuated total reflectance Fourier
transform infrared (ATR-FTIR). 28 mothers consented to participation of their 0-
4-month old infants. 18 infants were exclusive breastfed and 10 were partially
breastfed (breastfed plus formula-fed). Saliva were collected through the
negative pressure apparatus e two microlitres were analyzed by ATR-FTIR.
Bands 1650 cm™ and 1153 cm™ which identified the uyH (Amide |) and C-O-C
stretching (Carbohydrate groups) of supporting brestfeeding were lower
(p<0.05) than exclusive breastfed infants. The salivary composition differs
between breastfed and supporting-fed infants. Considering that a characteristic
vibration of glucose (as free carbohydrate group) at 1030 cm™ was unchanged
(p>0.05) in both groups, this analysis indicates reduction of amide | and
glycoproteins (carbohydrate groups covalently attached to many different
proteins) are reduced in SB infants which can be affect salivary functions.

KEY WORDS: Infant, exclusive breastfeeding, artificial feeding, saliva,FTIR-
ATR.



1. INTRODUGAO E REFERENCIAL TEORICO

A Organizagdo Mundial de Saude (OMS) recomenda o aleitamento
materno exclusivo nos primeiros seis meses de vida da crianga e o aleitamento
materno complementado até os dois anos de idade. A amamentagdo materna
exclusiva é definida quando o bebé recebe apenas leite materno direto da méae
ou ordenhado por ela ou por um banco de leite, desde que a fonte seja
humana, sem o consumo de outros alimentos, com excecdo de remédios,
dentre outros. E a amamentacdo materno mista ocorre quando o bebé recebe
além do leite materno outros tipos de leite. (WORLD HEALTH
ORGANIZATION, 2004).

O aleitamento materno é um investimento eficaz pois quando
uma crianga € amamentada gera muitas vantagens, tais como: reducédo da
morbidade e a mortalidade infantil, melhora a pontuagcdo do Quociente de
Inteligéncia (Ql),melhora escolar ,aumenta o rendimento de adultos, evita
diarreia, previne infec¢ao respiratoria, diminui o risco de alergias, reduz o risco
de hipertensao e diabetes, , apresenta menor custo financeiro, reduz a chance
de obesidade, promove desenvolvimento da cavidade bucal, protege contra
cancer de mama, promove o vinculo afetivo entre mae e filho e, melhora
qualidade de vida aspectos significativos para minimizar a pobreza e propiciar
ganho nutritivo aos bebés. Adicionalmente, a divulgacdo da amamentagao tem
sido conveniente, pois em muitos paises com a presenca de pobreza extrema,
a desnutricdo tem sido um fator agravante para pessoas que vivem nesta
condicao (Hansen et al., 2016; Ministério da Saude, 2009).

No entanto, por diferentes motivos algumas mé&es n&o conseguem
amamentar exclusivamente com o leite materno e necessitam utilizar o
complemento por meio de formulas. Foi descrito que maes hipertensas
apresentam maior dificuldade em manter o aleitamento materno exclusivo apdos
6 meses quando comparadas as normotensas .As maes com hipertensao
arterial gestacional apresentam maior incorporagdo do leite artificial como
complemento e apresentaram maior periodicidade na utilizagcdo das praticas
predominantes de amamentagcao quando comparadas as maes normotensas
(Strapasson et al., 2018). Nao detectamos outros estudos exclusivamente em
bebés com menos de 4 meses avaliando caracteristica maternas com maior
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dificuldade em prover amamentacao exclusiva, no entanto, este fato é presente
na sociedade atual.

Um fator de atencao é que a possibilidade de transmissao de doencas
materno-infantil pela gestagao, no parto, ou por meio da amamentacgao.
Segundo o Ministério da Saude, sdo poucos os casos em que a indicagdo do
leite materno deve ser suspensa, sendo necessario a sua substituicdo total ou
parcial. As maes ndo devem amamentar nas seguintes situagdes: quando
infectadas pelo Virus Imunodeficiéncia Humana (HIV), Virus T Linfotrépico
Humano tipo 1(HTLV1) e Virus T Linfotrépico Humano tipo 2(HTLV2), maes
que necessitam ingerir medicamentos contraindicados durante a amamentagéo
quando a crianga é portadora de galactosemia. Além disso, recomendada
interrupcdo temporaria do aleitamento materno nos casos de infeccao
herpética, varicela, doenca de Chagas, abscesso mamario, consumo de drogas
de abuso. Nos casos de interrupcao temporaria, a mae deve ser estimulada a
ordenhar o leite até que posteriormente possa amamentar o filho. Nao é
recomendado interromper a amamentacdo nos casos de: Tuberculose,
Hanseniase, Hepatite B e Hepatite C. Apesar de seu consumo dever ser
evitado durante a amamentagcdo, o consumo de cigarros e de bebidas
alcodlicas ndo necessita interrupgdo durante a amamentagdo, especialmente
em casos de consumo reduzido (Ministério da Saude 2009).

A amamentacado pode permitir a transmissdao materno-infantil do HIV)
em recém-nascidos. Para o HIV foi demonstrado que a incidéncia de
contaminagao do bebé pela amamentagdo nos primeiros meses de vida é
maior,e diminui ao longo do tempo (Miotti et al., 1999). Dessa forma, a
orientacdo da OMS em 2003 indicava que os bebés de maes portadoras de
HIV deveriam receber alimentacio substituta devido ao risco de contaminacao.
Apesar de muitos paises subdesenvolvidos adotarem medidas diferentes, no
Brasil ndo € recomendado que maes portadores da HIV amamentem
(Ministério da Saude 2009).

A amamentagdo € uma medida de saude publica barata e eficaz.
Um estudo de meta-analise demonstrou que bebés sob aleitamento materno
durante pelo menos 6 meses apresentam diminuicdo da frequéncia de

leucemia infantil (Amitay et al.,2015).
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Normalmente criangas de 0- 6 meses nao apresentam dentes na
cavidade bucal o, no entanto, acredita-se que a presenga do Streptococcus
mutans nesta fase pode facilitar a formagao de caries a partir do surgimento
dos dentes deciduos Em bebés com aleitamento materno ocorre um aumento
da presenca de Lactobacillus e uma redugdo de bactérias cariogénicas
Streptococcus mutans presentes na mucosa oral em comparagao com bebés
sob aleitamento artificial (Holgerson et al., 2013). Além disto, outras sustancias
encontradas somente no leite materno, incluindo a caseina humana e IgA
secretdria, podem inibir o crescimento e a adesao das bactérias cariogénicas
(Danielson et al., 2009). O leite materno interage com a saliva para produzir
uma potente combinacdo de metabdlitos estimulatdrios e inibitérios que
regulam a microbiota oral e intestinal. Isto parece representar um sinergismo
bioquimico que aumenta a imunidade inata precocemente (Al- Sherid et al.,
2015).

Por ser um fluido biologico que pode ser coletado por método néo
invasivo, a saliva como fonte de biomarcadores de doencas bucais e
sistémicas tem sido tema de grande interesse. Entretanto, em lactentes, a
saliva tem sido pouco estudada (Al-Sherid et al., 2015; Ben-Aryed et al., 1984;
Holgerson et al., 2013).

A saliva ndo estimulada de bebés (idade entre trés dias a 12 meses)
apresentou concentragcao de Ca+, Mg++ e Cl- aumentada e a de fosfato, IgA,
amilase e pH reduzidos quando comparados com a saliva de adultos.
Adicionalmente foi demonstrado que a concentracdo de Na+, K+ e proteinas
totais da saliva de criangas sob aleitamento exclusivo foi semelhante em
comparagao com as que recebiam formulas infantis (Ben-Aryed et al., 1984).
Outro estudo demonstrou diferenga na microbiota bucal de bebés com trés
meses de idade sob aleitamento exclusivo ou sob alimentagdo com férmula
infantil. Entre as principais diferencas podemos destacar um aumento da
presenca de lactobacilos e uma reducéo da presenga de bactérias anaerdbias,
0 que pode estar associado, respectivamente, a uma reducédo das espécies de
estreptococos e uma reducdo da presenca de inflamacéo gengival (Holgerson
etal., 2013).

O microbioma salivar humano de bebés edéntulos com quatro

meses e meio de idade foi avaliado e comparado com a saliva de suas maes
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ou principais cuidadores. Os dados obtidos demonstraram que, embora o
microbioma bacteriano da saliva do adulto apresentou um OTU maior, uma rica
comunidade bacteriana existe na cavidade bucal infantil antes da erupcao
dentaria (Cephas et al., 2011).

Um elegante estudo demonstrou que os niveis de IgA e IgM foram
similares entre criangcas sob aleitamento exclusivo em comparacdo com
féormula. No entanto, as mesmas criancas aos 6 meses de idade sob
aleitamento materno exclusivo apresentaram aumento da IgA e IgM salivar em
comparagao com criangas sob aleitamento artificial exclusivo. O aumento da
IgA salivar pode ser considerado um marcador de maturagdo imunoldgica e
provavelmente indica maior protegédo contra antigenos (Piirainen et al., 2009).

Outro estudo avaliou a influéncia do alojamento méae-filho hospitalar
nos niveis de cortisol salivar (NCS), que € um biomarcador responsavel por
indicar estresse. Para isto, o estudo comparou a saliva de criancas sob a
presenca materna total durante 24 h ou parcial por 14h. Os resultados
mostraram que a pratica de alojamento total reduz significativamente os niveis
de cortisol salivar (p = 0 048), o que leva a diminuicdo do estresse neonatal
quando o filho tem a presenga e o cuidado durante 24 h (De Bernardo et al.,
2018).

Uma revisao sistematica com meta-analise mostrou que os indices
de carie foram similares em bebés amamentados sob aleitamento materno
exclusivo em comparagdo com aleitamento artificial exclusivo. No entanto,
bebés com aleitamento materno exclusivo por mais de 12 meses apresentam
maiores indices de carie em comparagdao com bebés que receberam
aleitamento materno exclusivo por menos de 12 meses, este achado ocorre
principalmente em bebés com alto indice de mamadas especialmente durante

a noite sem higienizacao oral apos a ato de amamentar (Tham et al.,2015).
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Sabe-se que ocorrem alteragdes nas propriedades defesa do leite
materno apos armazenamento ou pasteurizagdo prolongada em bancos de
leite. Os resultados mostraram que algumas proteinas presente no leite, como
a lisozima, lactoferrina, lactoperoxidase e IgA, estao reduzidas no leite doador
pasteurizado. Em relagao ao crescimento de microorganismos patogénicos,
houve um aumento significativo (1,8 a 4,6 vezes) no leite doador pasteurizado
em relacdo com o leite materno fresco ou congelado (Akinbi et al., 2010) .

A interacdo do leite materno com a saliva aumenta a imunidade na
infancia. No decurso da amamentacao ocorre uma reagao entre o leite materno
e saliva que interage com espécies reativas de oxigénio, e ao mesmo tempo
favorecem a formacao de nucleotideos. Essa interacdao com saliva produz um
poderoso metabolismo estimulante e inibitoério capaz de determinar o inicio da
microbiota intestinal pela via oral (Al-Sherid et al., 2015). Ha indicios que
Xantina oxidase (XO) tem atribuicdes fisiologicas efetivas quando esta
relacionada com geracdo de espécies reativas de oxigénio e nitrogénio (
Agarmal et al., 2011;Vorbach.,2003). No leite de todos os mamiferos foi
realizada a deteccao da XO, que € uma proteina que produz superoxido
microbicida e peréxido de hidrogénio (H202) e atua em lactoperoxidases do
leite. A presenca de XO na saliva converte tiocianato dietético em espécies
reativas de oxigénio que tem efeito antibacteriogénico (Al-Sherid et al., 2015).

Poucos trabalho estudaram a atividade da lactoperoxidase no leite
humano e na saliva de bebés. Nos estudos desenvolvidos por Gothefors &
Marklund 1975, mostraram que a atividade de lactoperoxidade na saliva de
lactentes foi inconstante, mas foi maior quando comparou com a saliva de
bezerros. No entanto, a atividade da lactoperoxidase no leite humano foi menor
quando comparado com o leite de vaca. O tiocionato salivar em bebés
apresentou alta redugdo da concentragdo em comparagdo com a saliva de
adultos. Estes achados indicam que a lactoperoxidase e tiocianato na saliva
infantil podem estar associados ao potencial de crescimento bacteriano que
pode ajustar agdes clinica de uma odontologia personalizada.

No trabalho desenvolvido por Allison et al., 2015, foi estudado o
efeito do leite humano e dos componentes do Streptococcus mutans na

formacao de biofilme. A caseina aumentou e a lactose , a lactoferrina e a IgA
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diminuiram consideravelmente a formacdo de biofiime de Streptococcus
mutans. Dessa forma, percebe-se uma acdo multifatorial dos componentes
salivares com interferéncia nutricional do leite humano e seus componentes
no processo de carie, especialmente relacionado com a formacgéo de biofilme

pelo Streptococcus mutans.

Saliva

A saliva é produzida através das glandulas salivares maiores
(pardtida, submandibular e sublingual) e glandulas salivares menores
espalhadas na mucosa oral ( Amano et al.,2012). As glandulas salivares podem
ser classificadas em serosas, mucosas ou mistas. A glandula parétida
localizada na base da lingua contém células serosas e secreta em alta taxa de
secrecao durante o] estimulo parasimpatico, as glandulas
submandibulares localizadas abaixo da mandibula produzem a maior parte da
saliva nao-estimulada e apresentam tanto células serosas quanto células
mucosas. As glandulas sublinguais, localizadas na por¢ao posterior do
assoalho da boca, apresentam predominio de células mucosas (Eliasson &
Carlén , 2010).

A saliva € composta principalmente de agua, substancias orgéanicas
(glicose, proteinas, glicoproteinas, DNA e RNA) e inorganicas (Na+, K+, Cl-,
Mg++) ( Chiappin ,2007). Adultos produzem diariamente cerca de 500-1500 ml
de saliva (Chicharro et al,1198). Sabe-se que as concentragcdes dos
componentes organicos e inorganicos da saliva podem ser afetados pelo
estado fisiologico e patolégico do individuo ( Aps & Martens 2005)

A importancia da saliva na saude bucal € bem conhecida e sua
funcdo ocorre pela sua fluidez e pelos seus componentes. A saliva € um fluido
que exerce varias fungdes importantes para conservagao da saude bucal do
individuo. Como exemplo do papel da fluidez pode-se destacar a umidificacao
do bolo alimentar e das mucosas bucais e também destacar a fungdo da a-
amilase salivar no processo de digestdo de carbohidratos. A saliva também
contribuiu para proteger injurias mecanicas na cavidade bucal, facilta a
percepcao do sabor pelas papilas gustativas e permite a remineralizagdo do
esmalte dental ao estabilizar o ph oral (Amerongen & Veerman 2002). A saliva
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tem um papel protetor contra atividade patogénicas, sua agdo antimicrobiana
reage de forma especifica contra os agentes invasores impedindo sua entrada
no organismo (Amerongen , Bolscher & Veerman., 2004)

A saliva tem sido bastante utilizada como fluido biolégico para
determinar o diagndstico de doencgas devido uma série de vantagens: coleta
rapida, baixo custo, ndo traz desconforto ao paciente, facilidade ao
armazenar, ndo coagula e pode refletir a condi¢cdo fisiopatolégica (Kaczor-
Urbanowicz et al ., 2016; Bossola & Tazza, 2012).

Espectroscopia no infravermelho por Transformada de Fourier (FTIR)

A espectroscopia FTIR € um método que permite a interacdo de
radiacao infravermelha com a amostra associado com um sistema de captura
que permite a obtengcdo da composicdo molecular (informacdo quimica e
estrutural de lipidios, carbohidratos e proteinas) da amostra a ser estudada
(Barh, 2007). E uma metodologia interessante para avaliagdo e diferenciacdo
de amostras e fluidos bioldgicos (Baker et al.,2004) permitindo a analise
precisas das estruturas quimicas sem a utilizagado de reagentes (Khaustova et
al.,2010).

O FTIR é uma técnica sensivel para identificacdo de fluidos corporais
das ciéncias forense que pode diferenciar uma amostra da outra utilizando o
padrao de espectro unico, que combina modos vibracionais especificos em
diferentes frequéncia, os quais equivalem aos componentes quimicos
presentes na matéria bioldgica. Para a discriminagdo de cada fluido foram
realizadas comparagdes com diversas proteinase relacionado aos picos
especificos que estivessem associado aos grupos protéicos presente em cada
fluido corporal (Orphanou, 2015).

Dentro os aparelhos que utilizam a Transformada de Fouirer existe
aqueles que contém acessorio com Reflecgdo Total Atenuada (ART) que tem
inovado o modo de analise de amostras tanto liquidas quanto sdlidas, devido
ao fato desse meio de analise combater os problemas relacionados alto valor
gasto no preparo da amostras e a aquisi¢cao de espectros baixa reprodutividade

encontrados nos meio de analises convencionais (Souza ,2009). FTIR-ATR tem
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sido alvo de bastante interesse devido a pequena profundidade de penetracao
e comprimento correspondente a trajetoria da luz infravermelha na amostra, o
que permitiu pesquisas com amostras com grande teor de agua e também
uma alta resolugéo espacial pelo refracéo presente no ATR ( Chan & Kazarian,
2016).

Considerando a literatura limitada sobre o efeito do aleitamento
misto (materno associado com o artificial) na saliva de lactentes nesta condicéo
comparado com lactentes sob aleitamento materno exclusivo, e devido a
necessidade de realizar estudos moleculares focados em componentes
peptidicos, lipidicos ou de carbohidratos, nés testamos a hipétese de que o
FTIR pode indicar componentes salivares diferentes na saliva de lactentes sob
aleitamento misto comparado com lactentes sob aleitamento materno

exclusivo.
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2.0 PROPOSIGAO

Este estudo teve como objetivo avaliar os componentes salivares por
meio de espectroscopia FTIR lactentes entre zero a quatro meses de idade sob
aleitamento misto comparado com lactentes sob aleitamento materno

exclusivo.

18



Capitulo 1

Artigo a ser enviado para publicagdo no periddico: Clinical Oral Investigation

Differential spectral signature of human saliva using ATR-FTIR
spectroscopy in exclusive breastfeeding and supporting breastfeeding

infants

BRANDAO-SOUSA .F'?, AGUIAR, E. M. G."?, CARDOSO-SOUSA, L. '?,
CAIXETA,D.C"2 OLIVEIRA SW "2, CASTRO A.M. FERREIRA D.C.A. ?,
TURRIONI A.P.?  OLIVEIRA F.S.2, SABINO-SILVA, R. "

! Department of Physiology, Institute of Biomedical Sciences, Federal University

of Uberlandia, Uberlandia, Minas Gerais, Brazil.

2 School of Dentistry, Federal University of Uberlandia, Uberlandia, Minas

Gerais, Brazil.

*Corresponding Author:

Federal University of Uberlandia (UFU), Institute of Biomedical Sciences
(ICBIM), ARFIS, Av. Para, 1720, Campus Umuruama, CEP 38400-902,
Uberlandia, MG, Brazil

Phone: +55 34 82 3218 2100

E-mail: robinsonsabino@gmail.com

19



Differential spectral signature of human saliva using ATR-FTIR
spectroscopy in exclusive breastfeeding and supporting

breastfeeding infants

Abstract

Saliva can reflect the physiological and pathological state of the body. The
systemic benefits of exclusive breastfeeding in newborns are well documented,
however the effect of supporting breastfeeding comparing to exclusive
brestfeeding on salivary components remain unclear. Altogether, the aim of the
present study was compare the salivary composition in supporting breastfed
and exclusive breastfed infants using attenuated total reflectance Fourier
transform infrared (ATR-FTIR). 28 mothers consented to participation of their 0-
4-month old infants. 18 infants were exclusive breastfed and 10 were partially
breastfed (breastfed plus formula-fed). Saliva were collected through the
negative pressure apparatus e two microlitres were analyzed by ATR-FTIR
Spectroscopy. Bands 1650 cm™ and 1153 cm™ which identified the uyH (Amide
I) and C-O-C stretching (Carbohydrate groups) of supporting brestfeeding were
lower (p<0.05) than exclusive breastfed infants. The salivary composition differs
between breastfed and supporting-fed infants. Considering that a characteristic
vibration of glucose (as free carbohydrate group) at 1030 cm™ was unchanged
(p>0.05) in both groups, this analysis indicates reduction of amide | and
glycoproteins (carbohydrate groups covalently attached to many different
proteins) are reduced in supporting breastfeeding infants which can be affect
salivary functions.

KEY WORDS: Infant, breastfeeding, artificial feeding, saliva, FTIR-ATR.
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Introduction

Considering the systemic benefits with reduction in the risk of
infectious diseases in gastrointestinal tract and respiratory system, the World
Health Organization (WHO) indicates exclusive breastfeeding for at least the
first six months of life (WHO, 2015). The American Academy of Pediatrics
attributable to exclusive breastfeeding (characterized as infant only receives
breast milk without ingestion of water, formula, other liquids or solid foods)
health, nutritional, immunological, psychological, social and environmental
benefits (Eidelman , Schanler , and American Academy of Pediatrics .,2012).
Recently, two systematic review and meta-analysis indicated that breastfeeding
can protect against dental caries in early children compared with bottle fed
children (Tham et al., 2015; Al-Sherid et al., 2015). The relationship between
salivary composition and presence of dental caries in exclusive breastfed,
supporting breastfed and formula-fed infants remain unknow.

Saliva may reflect several physiological functions of the body and this
biofluid contributes in maintaining the integrity of oral tissues (Levine MJ et al.,
1987). In saliva and other fluids, the biological fluids of proteins are determined
by their three-dimensional structures and dynamics of proteins which can be
probed by ATR-FTIR spectroscopy (Wang, 2011). Amide | vibrational mode in
infrared experiments is associated with the peptide bond carbonyl stretch. This
structural analysis of proteins also can reflect changes in its function (Krimm &
Bandekar,1987). The glycociological and glycoimmunological aspects of the
proteins perform primordial relations between microorganism - host, vice versa,
and microorganism - microorganism (Cross & Ruhl, 2018).The reduction in
salivary glycoproteins including mucins, prolin-rich glycoproteins, alpha-
amylases, lactoferrin, salivary peroxidase, secretory IGA, fucose-rich glyprotein
and kallikrein can affect its functions ( Levine et al., 1987).

Infrared (IR) spectroscopy is emerging as a powerful quantitative and
qualitative technique for diagnostic characterization of biological molecules in
fluids (Bellisola & Sorio, 2012) . The attenuated total reflection Fourier-
transform infrared (ATR-FTIR) spectrometry is a global, sensitive and highly

reproducible physicochemical analytical technique that identifies structural

21


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21405034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cross%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=30274839
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruhl%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30274839

molecules on the basis of their IR absorption. Considering that a biomolecule is
determined by its unique structure, each biomolecule will exhibit a unique ATR-
FTIR spectrum, representing the vibrational mode of this structural bond
(Ojeda & Dittrich, 2012; Severcan et al., 2010).The IR vibrational modes of
biological samples, such as saliva, may be considered as biochemical
fingerprints that correlate directly with the level of a specific component, as

amide | and glycoproteins (Caetano Junior et al., 2015; Khaustova et al., 2010).

Considering the limited literature about the effect of supporting
breastfeeding (maternal associated with artificial) compared to exclusive
breastfeeding on saliva of infants, and due to the need to perform molecular
studies focused on peptide, lipid or carbohydrate components we tested the
hypothesis that specific spectral salivary components can be differentially
expressed in saliva of supporting breastfeeding compared to exclusive
breastfeeding infants. Therefore, this research aimed to determine the effect of
supporting breastfeeding on salivary composition by ATR-FTIR spectroscopy

compared to exclusive breastfeeding infants.

Material and Methods

The Institutional Ethics Committee of the Federal University of
Uberlandia approved the study (64534116.4.0000.5152). Infants entering the
parent study between June 2017 and November 2018 were invited to
participate in the current study that added salivary sampling.

Inclusion criteria were: 0—4 months old, of both sexes, healthy,
edentulous, birth weight 2,500-4,500 g, full term, and exclusively breastfed or
supporting breasfeeding at the time of recruitment. The exclusion criterion was
chronic illness, with the presence of natal and neonatal teeth and with
premature birth and birth weight below 2,500 g.

When the mothers accepted that their children participated in the
research, they were invited to read and sign the Informed Consent Form that
contained all the information about the research. Then, an interview was carried
out to collect data such as: mother's data, child's data, type of breastfeeding

and oral hygiene. Later, in the boxes of the Pediatrics Clinic, the saliva samples
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were collected through the aspirator Aspiramaxm and frozen, in another
moment analyzed through the FTIR.

The present study included 18 exclusive breastfeeding infants, and 10
age- and gender-matched supporting breastfeeding infants. All subjects with a
negative history of systemic and oral disease. All participants received an intra
oral examination with the help of a dental mirror and wooden spatula before

saliva collection. No oral changes were observed found.

Saliva collection

Saliva samples were collected using slight suction through a soft
plastic catheter. No intentional stimulation was used, although the presence of
the soft plastic catheter might have slightly stimulated the salivary flow. Saliva
was collected during around two minutes to minimize the effect of stress. During
the saliva collection period, the infant remained comfortably seated on the
parent’s lap in a well-ventilated and well-lit room. Immediately after saliva
collection, samples were stored at -80°C until the analysis (Siqueira et al.,2005;
Siqueira et al.,2007; Davidovich et al.,2010;Sousa et al.,2015).

Participants were requested abstain to feed 1 h before the saliva
collection. A low vacuum-assisted aspiration device was utilized to obtain saliva

samples from infants.

Infrared spectroscopy

Samples were analyzed in 4000-400cm™ region using infrared
spectroscopy with attenuated total reflection accessory (FTIR-ATR Vertex 70,
Bruker Optics, Reinstetten, Germany). Two pL of saliva were dried on ATR
Crystal, and then the saliva spectra were acquired (Nunes, Mussavira & Bindhu,
2015). Each sample and its background were recorded with 32 scans per

analysis and 4 cm™ resolution.

Spectral data analysis
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FTIR spectroscopy is used to evaluate chemical fingerprints of
biological samples. For this, two microliters of saliva was dried with air to obtain
sample spectra. Salivary chemical profile by FTIR spectra were recorded in
4000-400 cm-1 region using FTIR spectrophotometer Vertex 70 (Bruker,
Billerica, Massachusetts, USA) attached to a micro-attenuated total reflectance
(ATR) accessory. All spectra were recorded at room temperature (23+1 °C)
under similar humidity conditions. The ATR was a diamond which his a
sample penetration depth ranges between 0.1 and 2 ym in accordance with the
wavelength, the refractive index of ATR-crystal material and the incidence beam
angle. The infrared beam was reflected at interface toward the sample. The air
spectra was considered as a background in FTIR analysis was done with clean
surface in atmosferc air. Samples spectrum were taken with 4 cm-1 of
resolution and 32 scans were performed to each analysis. FTIR spectra were
normalized and baselines were corrected using OPUS 6.5 software (Bruker,
Billerica, Massachusetts, USA). The second derivative was obtained by
applying Savitzky-Golay algorithm with polynomial order 5 and 20 points of the
window. The normalization of second derivatives was made by mean, and the

peak heights indicated the intensity of each salivary component.

Statistical analysis

The distributions of data were analyzed for D’Agostino-Pearson, Shapiro-
Wilk and Kolmogorov-Smirnov tests. Then, data were analyzed using Student t-
test. The analyses were performed using the software GraphPad Prism
(GraphPad Prism version 7.00 for Windows, GraphPad Software, San Diego,
CA, USA). Only values of p<0.05 were considered significant. Demographic,
seric laboratorial data and salivary components were expressed as mean *
standard deviation (SD).

Results
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Research participants

The results of the general characteristics of exclusive breastfeeding
and supporting breastfeeding infants were expressed in Table 1. Both groups
included similar percentage of gender (p >0,05) and type of delivery (p >0,05).
Besides, the mother's age and age of infants were also similar of exclusive

breastfeeding and supporting breastfeeding.

ATR-FTIR spectra of stimulated saliva

The infrared spectrum of whole saliva of supporting breastfeeding
and exclusive breastfeeding infants is represented in Figure 1 with a
superposition of several salivary components. These salivary spectra are are
similar under these condition . The band area at 1650cm™ (1706-1594 cm™)
determinates amide |. Amide It was not affected (p > 0.05) by supporting
breastfeeding The band area at 1551 cm™ (1588-1507 cm™) is identified as
proteins and cortisol ; which was unchanged (p > 0.05). The bands at 1451 cm™
(1482-1439 cm™) and 1398 cm™ (1436-1358cm™) are identified as protein and
lipidis respectively. Both salivary components were unchanged (p > 0.05) in
supporting breastfeeding compared with exclusive breastfeeding infants. The
band are at 1319 cm™ ( 1340- 1297 cm™ ) determinates amide III.
The band area at 1247 cm™ (1290-1197 cm™ ) is identified phospholipids.The
band are at 1153 cm™ (1183-1146 cm™) glycoproteins. The band's area at 1074
cm™ (1105-1061 cm™) and 1035 cm™ (1061-999 cm™) are characterized as
glycosylated proteins and polysaccharides, respectively. The levels of both
components were unchanged (p > 0.05) in supporting breastfeeding compared
with exclusive breastfeeding infants. ATR-FTIR vibrational modes assignments
of saliva are represented in Table 2.
We also carried out the second derivative of ATR-FTIR spectrum to
depicts vibrational modes overlapped in the raw spectra of supporting
breastfeeding and exclusive breastfeeding infants saliva (Figure 3). All groups

presented similar vibrational modes with subtle differences in amplitude of
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second derivatives, however a vibrational mode identified as alpha-helix of
Amide | at 1650 cm™ was reduced (p < 0.05) in the saliva of supporting
breastfeeding compared exclusive breastfeeding infants (Figure 4) The level of
1153 cm™' vibrational mode was also reduced (p < 0.05) in the saliva of
supporting breastfeeding and exclusive breastfeeding infants saliva. This region
is attributed to a carbohydrate groups covalently attached to many different

proteins (glycoproteins).

4. Discussion

Herein, we have investigated potential effect of supporting breastfeeding
comparing with exclusive breastfeeding in salivary components using ATR-FTIR
technology. The amplitude of two vibrational modes in second derivatives
analysis were changed comparing saliva from exclusive breastfeeding and
supporting breastfeeding infants. The 1650 cm™ and 1153 cm™ vibrational
modes, attributed to apha-helix of Amide | and glycoproteins, respectively, were
reduced in saliva of supporting breastfeeding compared exclusive
breastfeeding infants, which suggest the effect of feeding type on salivary

composition.

Whereas the salivary composition has been well-studied, there are few
reports on salivary composition during human infant development, particularly in
relation to feeding type and what this may affect in infants oral health.It is known
that salivary composition changes comparing exclusive breastfeeding and
formula fedding (Rao et al.; 2009, Sabino-Silva et al.,2013.). They were present
more frequently in the oral cavity of infants who received exclusive breast-
feeding when compared to infants who received the formula. Moreover, L.
gasseri presented characteristics that bring benefits to the individual, which
includes attachment to the human gingival epithelial cells and saliva, blocks the
development of oral microorganisms and decreased the union of the cariogenic
S.mutans to the saliva which indicated that infants are less prone to
caries.(Vestman ,2013; Holgerson et al.,2013).,

There are few studies that show the colonization of the buccal cavity

worriedly, however the colonization by the cariogenic bacterium Streptococcus
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mutans was related to the increased risk of dental caries (Straetemans et al.,
1998).Besides, exclusive breastfeeding infants had higher OT levels than
formula feeding in plasma and saliva_(Grewen et al, 2010) .Furthermore, it was
demonstrated that salivary cortisol was higher in breastfed infants compared
with formula-fed infants. However, salivary IL-6 level was similar in both feeding
type (Cao et al., 2009).

The ATR-FTIR analysis of saliva may be used in veterinary, rodent and
human models. Shifts in peak positions and changes in vibrational modes
intensity can be used to obtain profitable spectral data about saliva composition,
which may have diagnostic potential and can indicate changes in salivary
composition(Servan et al .,2010). In the present study, ATR-FTIR analysis in
saliva evidenced alpha-helix of Amide | reduction. It is a common motif in the
secondary structure of proteins, in which every backbone N-H group donates a
hydrogen bond to the backbone C=0 group of the amino acid located three or
four residues earlier along the protein sequence (Deville et al.,2008)._The alpha-
helix of Amide | motif are frequently present in several salivary proteins as a-
Amylase, Albumin, Cystatins, Mucins, Proline-rich proteins and sIgA (Caetano
Junior et al.,2015) . Besides, we showed that glycoproteins are reduced in
saliva of supporting breastfeeding compared exclusive breastfeeding infants.
Our results strongly suggest that proteomic analysis of salivary proteins could
indicate changes in these parameters in supporting breastfeeding compared
exclusive breastfeeding infants .

Although we have shown that ATR-FTIR technology is useful for
determination of feeding type effect on salivary composition, to the best of our
knowledge this is a first exploratory study using ATR-FTIR technology for this
purpose. Therefore, further studies are needed to determine the applicability of
this technique for identification of salivary changes in exclusive formula feeding
infants. Besides, one limitation of this study is the exclusion of infants with
exclusive formula feeding, which was not intentional but could be explained by
advertisements for breastfeeding. Hence, the results from this explorative study
should be validated in an independent cohort, and molecular mechanisms for
observed salivary effects explored.

In conclusion, we showed that amplitude of two vibrational modes in
second derivatives analysis of ATR-FTIR spectroscopy were changed
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comparing saliva from exclusive breastfeeding and supporting breastfeeding
infants. The 1650 cm™ and 1153 cm™ vibrational modes, attributed to apha-helix
of Amide | and glycoproteins, respectively, were reduced in saliva of supporting
breastfeeding compared exclusive breastfeeding infants, which suggest the
effect of feeding type on salivary composition. The finding that the salivary
component differs between breastfed and supporting-fed infants, with a
potentially less relevant salivary proteins/glycoproteins in supporting-fed infants
indicates the value of prospective longitudinal studies where oral health
outcomes, primarily early childhood caries but possibly also gastric/gut function

and associated oral health conditions, are evaluated.
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Tables

Table 1. Characteristics of infants 0 to 4 months of age by type of

breastfeeding

Exclusive Breasfeeding

Supporting Breasfeeding

Female 8 3
Male 10 !
Vaginal delivery 7 4
Cessionary 11 6
Mother's age 30,Tyears
Average: 26,61 years
7 Yes 5 Yes
Oral hygiene from birth 11 NO 5 No
Age (days) 44,3 24,1
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Table 02. ATR-FTIR peak component identification of saliva

Peak Frequency (cm™)

Proposed Component
Identification

Vibrational Mode

1650 Amide | C=0 stretching
1551 Amide |l N-H bending symmetric,
COO- strech symmetric
1451 Proteins and cortisol Asymmetric & symmetric
CH2 bending
1398 Protein and lipidis CHS3 bending
symmetric, COO-stretch
symmetric
1319 Amide Il band
components of proteins
1247 phospholipids Asymmetric C-_N
stretching,
PO, stretching
1153 GLYCOPROTEINS C-O stretching vibration)
1074 amide Ill and CH20H groups,C-0O
phospholipids stretching &COH groups
bending,symmetric PO*
stretching
1035 GLUCOSE C-O stretching

It used the following functions of vibrational attribution: (Caetano
Junior et al,.2015), (Movasaghi et al., 2007) (Orphanou,2015) (Lopes et
al.,2016) (Petibois et al.,1999)

37




Figures

—— Exclusive Ereagtfeeding
—— Supporting Breagtfeading

0084

0074

0,06 4

0,05 1

0044

003 1

Absorbance (a.u.)

0024

0011

wr——1J1T T T
1800 1700 1600 1500 1400 1300 1200 1100 1000 900

Wavenumber (cm™)

Figure 1: Comparison of the average FTIR spectrum in exclusive breasfeeding
and supporting breasfeeding infants.
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Figure 2 : Level of salivar componentes. A- amide |,B- amide Il, C- protein,D-
protein, E- amide IllI,F-phospholipids, G —Glyproteins,H-amide |lIl,I- glucose.
Results are mean £ SD. Unpaired t test.n=18 for exclusive breasfeeding, n=10
for supporting breasfeeding.
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Figure 03 : Comparison of the second-derivative spectra average by ATR-

FTIR.
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Figure 04: Analysis of vibrational modes at 1650 cm™ and 1153 ¢cm " in

exclusive breasfeeding and supporting breasfeeding infants.*p<0.05 vs.
exclusive breasfeeding. Unpaired t test.n=18 for exclusive breasfeeding, n=10
for supporting breasfeeding.
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