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RESUMO

Dissertacao de Mestrado
Programa de Pés-Graduaciao em Bioexperimentacao
Universidade de Passo Fundo

IMPLICAC()ES DO ESTRESSE OXIDATIVO MATERNO EM RECEM-NASCIDO
DE GESTACAO A TERMO E DE PARTO PREMATURO
Autor: Simone Medeiros Beder Reis
Orientador: Romulo Pillon Barcelos
Passo Fundo, 02 de dezembro de 2020

A prematuridade ¢ o maior determinante de mau progndstico infantil em termos de
sobrevivéncia e qualidade de vida. A etiologia do parto prematuro ¢ multifatorial, pesquisas
sugerem que um desequilibrio oxidativo do corpo da mae sobre o feto levariam a um parto
prematuro. O objetivo deste estudo foi avaliar o estresse oxidativo da mae e suas implicagdes
em recém-nascidos (RN) a termo e em RN de parto prematuro. Fizemos a andlise dos
marcadores lipoperoxidagdo lipidica (TBARS), 8-Hydroxydeoxyguanosine (8-OHdG), 6xido
nitrico e atividade da enzima catalase em sangue materno e sangue de corddo umbilical (SCU)
de 39 bindmios maes — filhos. Foram divididos em 2 grupos: a termo (n=23) e prematuro
(n=18), o qual foi subdividido em prematuro espontaneo (n=8) e¢ prematuro placentario (n=8).
Nossos resultados mostraram um aumento de TBARS das maes do termo em relacdo ao
prematuro. Nas maes do subgrupo prematuro encontramos aumento nos niveis de TBARS e
oxido nitrico do prematuro placentario. Na analise do SCU dos RN encontramos aumento na
dosagem do 8-OHAG e lipoperoxidacao lipidica no termo em relacao ao prematuro. Concluimos
que o estresse oxidativo esta evidentemente relacionado ao aumento de TBARS e 6xido nitrico
em gestantes com patologias placentarias, ainda ndo € possivel estabelecer se o estresse
oxidativo ¢ fator causal do parto prematuro. O marcador 8-OHdG em gestantes parece nao
representar um dano oxidativo, mas a capacidade de reparar um dano oxidativo prévio.

Palavras-Chave: Estado Redox, dano oxidativo, gravidez, prematuridade, TBARS, estudo
clinico, 8-OHdG.
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ABSTRACT

Master's Tesis
Post-Graduation Program in Bioexperimentation — University of Passo Fundo

IMPLICATIONS OF MATERNAL OXIDATIVE STRESS IN A NEWBORN WITH
TERM PREGNANCY AND PREMATURE BIRTH

Author: Simone Medeiros Beder Reis
Advisor: Romulo Pillon Barcelos
Passo Fundo, December 02" 2020

Prematurity is the major cause of poor child prognosis in terms of survival and life quality. The
etiology of premature birth is multifactorial. Researchers suggest that an oxidative imbalance
of the mother's body over the fetus would lead to premature birth. The aim of this study was to
assess the mother's oxidative stress and its implications for full-term newborns and newborns.
We dosed the oxidative stress markers for lipoperoxidation (TBARS), 8-
Hydroxydeoxyguanosine (8-OHdQG), nitric oxide, and catalase activity in maternal blood and
umbilical cord blood (SCU) from 39 mother-child binomials. They were divided into 2 groups:
term (n = 23) and premature (n = 18), which was subdivided into a spontaneous premature (n =
8) and placental premature (n = 8). Our results showed increased TBARS levels of mothers in
the term group compared to the premature. We found increased TBARS levels and nitric oxide
of the premature placental for the mothers of the premature subgroups. In the analysis of the
SCU from newborns, we found increased 8-OHdG and TBARS levels in the term compared to
the premature. We conclude that oxidative stress is related to increased lipid peroxidation and
nitric oxide levels in pregnant women with placental pathologies. It is suggested that oxidative
stress is the causative factor of premature birth, but it needs confirmation. Besides, the 8-OHdG
levels in pregnant women do not represent oxidative damage, but the ability to repair previous
oxidative damage, which occur more at non-premature births.

Keyword: Redox status; oxidative damage, pregnancy; prematurity, New-borns, clinical
study, 8-OHdG.
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1. INTRODUCAO

A prematuridade ¢ considerada como o maior determinante de mau progndstico infantil
em termos de sobrevivéncia e qualidade de vida (1). Além disso, ha uma preocupagao crescente
devido a alta letalidade, complicagdes associadas a prematuridade e ao alto custo economico e
social, a curto, médio e longo prazo (2). A gravidez ¢ um estado fisiologico associado ao
aumento do estresse oxidativo, como resultado de um maior furn over metabdlico e elevados
requerimentos de oxigénio tecidual (3). E um estado de desafio metabélico entre mée e feto em
desenvolvimento, apresentando niveis elevados de estresse oxidativo em comparagdo com
estado ndo-gestante (4,5).

O equilibrio do estado oxidante e antioxidante (redox) ¢ um processo que comeca antes
do nascimento (6), onde fetos, recém-nascidos e principalmente prematuros, sdo altamente
propensos ao insulto de espécies reativas e oxidativas, devido ao desafio hipoxico-hiperdxico,
suscetibilidade a infe¢cdes, deficiéncia de defesa antioxidante e a altos niveis de ferro livre (7).

Os estudos sugerem que um desequilibrio no estado redox pode estar associado a
prematuridade (8). Na pré-eclampsia foi observado metabolismo anormal dos lipidios e altas
concentragoes de perdxido lipidico que podem levar ao estresse oxidativo e a disfungdo vascular
(9).Desta forma, qualquer situagcdo que coloque em desequilibrio o organismo da mae parece
ter grande impacto no recém-nascido. Os estudos clinicos delimitam maes com fatores de risco
para avaliar o estresse oxidativo no contexto da gestagdo (3,4,9—11), no entanto, estudos com
componentes maternos € neonatais e suas relacdes sao relativamente menores.

Neste contexto, o objetivo deste trabalho ¢ avaliar os marcadores de stress oxidativo na
diade mae-filho de gestacdes normais e gestacdes de partos prematuros para verificar a relagao
do estresse oxidativo materno com prematuridade.

Essa dissertacdo compreende: introdug¢do; revisdo de literatura abordando
prematuridade, estresse oxidativo e marcadores do estresse oxidativo. Os resultados obtidos
estdo apresentados no capitulo 1 em forma de artigo cientifico intitulado Implications of
maternal oxidative stress in a newborn with term pregnancy and premature birth o qual
foi submetido ao periddico The JOURNAL of PEDIATRICS por fim, apresentamos as

conclusdes do estudo ¢ as consideragdes finais.
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2. REVISAO DE LITERATURA

2.1. PREMATURIDADE

A prematuridade ¢ definida como neonato que nasce antes das 37 semanas de gestagdo
e ¢ subdividida de acordo com a idade gestacional (IG): prematuro extremo (< 28 semanas de
gestacdo), muito prematuro (28 a 32 semanas) e prematuro moderado a tardio (32 a 37
semanas)(12), sendo o maior determinante de mau progndstico infantil em termos de
sobrevivéncia e qualidade de vida (1). Além disso, hd uma preocupagao crescente devido a alta
letalidade, complicacdes associadas a prematuridade e ao alto custo econdmico e social, a curto,
médio e longo prazo (2).

Os recém-nascidos (RN) prematuros sdo particularmente vulneraveis a complicacdes e
sequelas devido a alta incidéncia de patologias associadas como: insuficiéncia respiratoria,
dificuldade de alimentagdo, desregulacdo térmica e suscetibilidade a infecgdes (13). Dados
apontam que ocorrem cerca de 15 milhdes de nascimentos prematuros anualmente no mundo,
sendo equivalente a 11% do total de nascimentos, aproximadamente (14). O Brasil esta
classificado entre os 10 principais paises do mundo com o maior nimero de nascimentos
prematuros (15), com estimativa de prevaléncia de 11,5% (16), sendo que a principal causa de
Obito em menores de 5 anos foram complicagdes de e pds partos prematuros(17).

A etiologia do parto prematuro ¢ multifatorial, onde o perfil das maes juntamente com
as condigdes socioecondmicas e sanitdrias certamente influenciam (18). Um estudo feito em
Pelotas — RS com um total de 4.142 mulheres, os fatores que permaneceram significativamente
associados ao parto prematuro foram: cor da pele negra, baixa escolaridade, pobreza, idade
materna jovem, primiparidade, prematuro anterior, inadequacao do pré-natal e hipertensao (19).
Outro estudo de revisdo com base populacional feito no Brasil, encontrou os seguintes fatores
de risco para a ocorréncia de prematuridade: baixo peso materno pré-gestacional e extremos de
idade materna, historia prévia de natimorto, tabagismo na gravidez, ganho de peso materno
insuficiente, hipertensdo arterial, infec¢do do trato geniturinario, cinco ou menos consultas de
pré-natal e estresse materno(20). Embora seja uma condicdo complexa resultante de multiplos
fatores etiologicos, é também bem aceito que tanto a infec¢do quanto a inflamagao representam
fatores de risco altamente significativos para o parto prematuro (21). Dados de 20 coortes em
13 paises, mostraram que um recém-nascido prematuro tem risco aumentado de 6 a 26 vezes
de morte neonatal do que recém-nascidos a termo (22). Assim, as causas da prematuridade e

como evita-la é o objetivo de muitas pesquisas.
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2.2. ESTRESSE OXIDATIVO

A geragao de radicais livres constitui, por exceléncia, um processo continuo e fisioldgico,
cumprindo fungdes biologicas relevantes. Durante os processos metabodlicos, esses radicais
atuam como mediadores para a transferéncia de elétrons nas vdrias reagdes bioquimicas. Sua
producao, em proporcdes adequadas, possibilita a geragao de adenosina trifosfato (ATP) -
(energia). Porém, a producao excessiva pode conduzir a danos oxidativos (23).

O estresse Oxidativo ¢ definido como o desequilibrio homeostatico dentro do ambiente de
reducdo-oxidacdo (redox) que envolve uma desregulacdo entre oxidantes e antioxidantes(24).
A instalacao do processo de estresse oxidativo decorre da existéncia de um desequilibrio entre
compostos oxidantes e antioxidantes, em favor da geracdo excessiva de radicais livres ou em
detrimento da velocidade de remoc¢ao desses (Figural). Tal processo conduz a oxidacdo de
biomoléculas com consequente perda de suas fungdes bioldgicas e/ou desequilibrio
homeostatico, cuja manifestagao ¢ o dano oxidativo potencial contra células e tecidos(25).As
espécies reativas de oxigénio (ROS) s3o moléculas contendo oxigénio e radicais livres que
agem como agentes oxidantes removendo um elétron ou adicionando oxigénio outras

moléculas(24).

Figura 1. Processo de desequilibrio — origem do estresse oxidativo

Oxidantes Oxidantes

AUSENCIA DE ESTRESSE OXIDATIVO ESTRESSE OXIDATIVO

Fonte: o autor (2020)
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2.3. ESTRESSE OXIDATIVO E GRAVIDEZ

A vida humana in utero decorre em um ambiente que ¢ relativamente hipoxico em
comparagdo com o ex- utero. No entanto, a disponibilidade de oxigénio ¢ fornecida por
mecanismos adaptativos que permitem um crescimento e desenvolvimento extraordinarios que
excedem qualquer outro periodo da vida. Condigdes maternas durante a gravidez podem causar
hipoxia fetal. A hipdxia cronica ¢ causada por alteragdes vasculares ou metabolicas da mae,
como pré-eclampsia, obesidade ou diabetes. Os fetos hipdxicos apresentam maior risco de
desenvolver estresse oxidativo, que pode ser determinante para o seu desenvolvimento in
utero e pos-natal(26).

O estresse oxidativo tem sido implicado em muitas complicagdes de saude durante a
gravidez, incluindo trabalho de parto prematuro. Existem lacunas na descri¢do das vias exatas
do trabalho de parto prematuro espontaneo porque varios processos bioldgicos estdo
provavelmente envolvidos, incluindo infec¢@o, doenca vascular da placenta (27).

A identificacdo de associacdes entre medicOoes de estresse oxidativo e resultados
perinatais se tornou popular, a medida que cientistas e médicos se esfor¢am para entender a

fisiopatologia que leva a essas complicacdes associadas a gravidez.

2.4. PREMATURIDADE E ESTRESSE OXIDATIVO

O equilibrio do estado oxidante e antioxidante (redox) ¢ um processo que comega antes
do nascimento (6), onde fetos, recém-nascidos e principalmente prematuros, sdo altamente
propensos ao insulto de espécies reativas e oxidativas, devido ao desafio hipoxico-hiperdxico,
suscetibilidade a infe¢gdes, deficiéncia de defesa antioxidante e a altos niveis de ferro livre(7).
As complicagdes da prematuridade, a grande maioria como displasia broncopulmonar,
enterocolite necrosante, hemorragia intraventricular, leucomalacia periventricular e retinopatia
estdo relacionadas ao estresse oxidativo (28), ocorrendo principalmente devido a um
descompasso entre a producgdo de radicais livres e a capacidade antioxidante do recém-nascido
prematuro (7).

Saugstad propds a existéncia da “Doenca dos radicais livres de oxigénio em
neonatologia”, devido a grande propensao dos neonatos a injaria causada pelas toxicas espécies
reativas de oxigénio (EROS) (29). Sullivan sugeriu que o termo mais correto seria o de “Doenca
dos radicais livres de oxigénio da prematuridade”, devido a grande incidéncia de tais patologias
no prematuro, denotando que algum aspecto da prematuridade aumenta a suscetibilidade aos

efeitos toxicos dos radicais livres (30). Atualmente, apos 30 anos de estudo e investigagdo, a
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complexidade do estresse oxidativo, tanto no estado considerado normal, quanto em estados
patoldgicos, ¢ melhor compreendida, especialmente no que se refere aos mecanismos

mitocondriais de estresse oxidativo neonatal relativos a hiperoxia (31) (Figura2).

Figura 2. Efeitos do dano oxidativo no nascimento prematuro
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Obesidade
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Fonte: o autor (2020)

Os estudos sugerem que um desequilibrio no estado redox pode estar associado a
prematuridade (8). Na pré-eclampsia foi observado metabolismo anormal dos lipidios e altas
concentragoes de perdxido lipidico que podem levar ao estresse oxidativo e a disfungao vascular
(9). Assim, o estresse oxidativo ¢ o fator mais importante nas complicagdes durante o segundo
e o terceiro trimestre da gravidez(32).No mesmo sentido, as razdes mais comuns para
nascimentos prematuros incluem pré-eclampsia ou eclampsia e restrigdo de crescimento
intrauterino (33); um estudo feito na India em méies com pré-eclampsia e com mées saudaveis
mostrou que o maior indice de estresse oxidativo ocorre nas maes ¢ nos RN do grupo com pré-
eclampsia (34). Em outro estudo recente, foi analisado todos os nascimentos prematuros entre
1986 e 2010 na Australia, sendo que nas andlises multivariadas os fatores associados a
disfuncdo placentaria foram responsaveis por >10% do risco de parto prematuro (35).

Ja ¢ amplamente reconhecido que o estresse oxidativo pode desempenhar um papel
importante na patogénese da doenca humana e constitui um tépico importante em todas as Areas

da medicina (36). No entanto, a comparagao de recém-nascidos nascidos a termo, com recém-

nascidos prematuros, os sistemas antioxidantes sdo extremamente deficientes.(37).
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2.5. BIOMARCADORES DE ESTRESSE OXIDATIVO

Biomarcador ¢ definido como um indicador de um processo bioldgico normal ou
anormal. A identificacdo de biomarcadores ¢ essencial para a determina¢do do estresse
oxidativo e, provavelmente, para a descoberta precoce de doengas a ele associadas. Um bom
biomarcador deve ter alta sensibilidade e alta especificidade além de sua medigdo ser
reprodutivel(27).

Devido héd necessidade crescente de ferramentas confidveis para avaliar, controlar e
reduzir o estresse oxidativo em recém-nascidos, os biomarcadores, obtidos a partir da oxidagao
de biomoléculas, foram desenvolvidos (38), uma vez que a meia meia-vida extremamente curta
dos radicais livres ndo permite medir diretamente sua concentragao(23).

Os biomarcadores avaliam a suscetibilidade do hospedeiro ao estresse oxidativo por meio
da avaliagdo de proteinas, lipidios e danos ao DNA. Os métodos analiticos gerais disponiveis
atualmente para o estudo dos danos causados pelo estresse oxidativo podem ser divididos em
duas categorias: aqueles que detectam a oxidagdo em lipidios, proteinas e DNA e aqueles que
detectam o risco potencial de estresse oxidativo (como o ferro ndo ligado a proteinas) (27).
Neste estudo optamos por usar os biomarcadores que detectam a oxidagdo dos lipideos,
proteinas e DNA.

a) Peroxidacao lipidica: as membranas bioldgicas, que contém lipidios poli-insaturados,
tornam-se suscetiveis a oxidagdo na presenga de um radical livre. O dano induzido por radicais
livres aos lipidios da membrana pode induzir lesdes celulares criticas e irreversiveis, iniciando
um estado de doenca. A lipoperoxidagao ¢ um processo pelo qual o acido graxo poli-insaturado
presente nos fosfolipidios das membranas celulares sofre uma reacdo com o oxigénio,
produzindo hidroperoxidos lipidicos. A reagdo ¢ desencadeada pela liberacao de radicais livres
reativos. Os hidroperoxidos sdo os principais produtos moleculares da lipoperoxidagao e podem
ser medidos no plasma.(27).

b) Catalase: ¢ uma proteina reativa responsavel pela decomposi¢cdo e eliminacdao de
espécies reativas de oxigénio. Catalisa o peroxido de hidrogénio em 4gua e oxigénio. A
presenca desse proteina pode reduzir o dano oxidativo e o estresse oxidativo celular (39)

¢)Oxido nitrico: é um dos principais radicais livres e sua produgéo excessiva é resultante
da falta de sistemas de prote¢ao antioxidante, acarretando o estresse oxidativo. Modelos animais
tém mostrado um aumento na producao de NO durante a hipoxia (40). A asfixia perinatal esta
associada a niveis aumentados de NO. (41). Oxido nitrico desempenha papel na fisiopatologia
da hipertensao pulmonar persistente do recém-nascido. As espécies reativas de oxigénio podem

ser produzidas pela cadeia de transporte de elétrons da mitocondria ou a partir de enzimas, como
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a oxido nitrico sintase. O 6xido nitrico (NO) ¢ um radical livre e avidamente se liga ao anion
superoxido para formar peroxinitrito (42).

d)Dano oxidativo DNA: 8-hydroxydeoxyguanosine (8-OHdG) ¢ um marcador de
estresse oxidativo e indica dano ao DNA, uma vez que ¢ liberado quando o reparo do DNA esta
danificado. Pode ser detectado em tecidos humanos, amostras de sangue e na urina (27). A
guanina € a base nitrogenada mais propensa a oxidagdo, sua interacao com o radical hidroxila
gera 8-oxo0-2'-desoxiguanosina (8-OHdG), biomarcador de dano oxidativo ao DNA mais
estudado (40). Em relagdo aos biomarcadores de oxidagao de DNA, 8-hidroxidesoxiguanosina
(8-OHdG) tem sido o composto mais estudados O 8-OHdG ¢ utilizado como biomarcador de
estresse oxidativo em amostras de sangue e aspirados traqueais (8). E um biomarcador muito
util para avaliar o risco de displasia broncopulmonar em bebés de muito baixo peso(43). Foi

considerado biomarcador potencial de retinopatia da prematuridade (44).
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ABSTRACT

Prematurity is the major cause of poor child prognosis in terms of survival and life quality. The
etiology of premature birth is multifactorial. Researchers suggest that an oxidative imbalance
of the mother's body over the fetus would lead to premature birth. The aim of this study was to
assess the mother's oxidative stress and its implications for full-term newborns and newborns.
We dosed the oxidative stress markers for lipoperoxidation (TBARS), 8-
Hydroxydeoxyguanosine (8-OHdQG), nitric oxide, and catalase activity in maternal blood and
umbilical cord blood (SCU) from 39 mother-child binomials. They were divided into 2 groups:
term (n = 23) and premature (n = 18), which was subdivided into a spontaneous premature (n =
8) and placental premature (n = 8). Our results showed increased TBARS levels of mothers in
the term group compared to the premature. We found increased TBARS levels and nitric oxide
of the premature placental for the mothers of the premature subgroups. In the analysis of the
SCU from newborns, we found increased 8-OHdG and TBARS levels in the term compared to
the premature. We conclude that oxidative stress is related to increased lipid peroxidation and
nitric oxide levels in pregnant women with placental pathologies. It is suggested that oxidative
stress is the causative factor of premature birth, but it needs confirmation. Besides, the 8-OHdG
levels in pregnant women do not represent oxidative damage, but the ability to repair previous
oxidative damage, which occur more at non-premature births.

Keywords: Redox status; oxidative damage; pregnancy; prematurity; 8-OHdG; TBARS;

clinical study.
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1. INTRODUCTION

Prematurity is considered the primary determinant of poor child prognosis in survival
and life quality (1). Also, there is a growing concern due to high lethality, complications
associated with prematurity, and elevated economic and social cost in the short, medium, and
long term (2).

Pregnancy is a physiological state associated with increased oxidative stress due to a
more significant metabolic turnover and elevated tissue oxygen requirements (3). It is a state of
metabolic challenge between a developing mother and fetus, with high oxidative stress levels
compared to a non-pregnant state (4,5).

The balance of the oxidative and antioxidant state (redox) is a process that begins before
birth (6), where fetuses, newborns, and especially premature, are highly prone to produce
reactive and oxidative species due to the hypoxic-hyperoxic challenge, susceptibility to
infections, antioxidant defense deficiency and high levels of free iron (7).

The etiology of premature birth is multifactorial, influenced by mothers' profiles,
socioeconomic, and health conditions (8). There are several risk factors associated with
prematurity. Among them, we can mention low pre-gestational maternal weight, maternal age,
previous history of stillbirth, smoking during pregnancy, insufficient maternal weight gain,
arterial hypertension, genitourinary tract infection, and maternal stress (9). Literature suggests
that an imbalance in the redox state is associated with prematurity (10). In preeclampsia,
abnormal lipid metabolism and high concentrations of lipid peroxide are observed, leading to
oxidative stress and vascular dysfunction (11).

Thus, any situation that puts the mother's organism out of balance seems to significantly
impact the newborn. Clinical studies delimit mothers with risk factors to assess oxidative stress
in the context of pregnancy (3,5,11-13). However, studies with maternal and neonatal
components and their relationships are relatively less frequent, minor, and sometimes
controversial. Considering that early diagnosis of maternal oxidative stress can be of paramount
importance for the outcome of pregnancy, this study's objective was to evaluate the markers of
oxidative stress in the mother-child dyad of normal pregnancies and premature births

pregnancies to verify the relationship of maternal oxidative stress with prematurity.



2. MATERIALS AND METHODS

This section describes the material and methods used in this research.

2.1 Experimental design

It is an observational/cross-sectional clinical trial where mothers and their respective
children were randomly selected in the Maternity Sector of Hospital Sdo Vicente de Paulo from
January to April 2020. Mothers and their respective children with a gestation of 28 to 36 weeks
as a group experimental, called "premature." For the control group, called "term group",
mothers and children with full-term pregnancies (over 37 weeks) were selected. Mothers and
their respective children in the premature group were divided into subgroups. Mothers and their
children who had a spontaneous premature delivery or premature rupture of the membranes
were combined into a single group called "spontaneous premature” infants; a second group
called "placental premature" included mothers and their respective children whose premature

births were determined as a result of preeclampsia (14).

0 mother-child
binomials

Figure 1: Experimental design
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The inclusion criteria were: maternal age > 18 years and gestational age calculated by obstetric
ultrasound performed between the 7th and 20th week (15). The exclusion criteria were mothers
and their children who had severe or multiple birth malformations (16) or who had the possible
congenital viral infections.

Pregnant women on admission to the maternity sector were invited to participate in the
study, with the informed consent form's signature. Variables were collected from their medical
records that included age, medical and obstetric history, mode of delivery, and smoking habits.
A sample (5ml) of venous blood was collected from the mothers, half of the volume was placed
in a tube with ethylene diamine tetra acetic acid (EDTA), and the other half was placed in a dry
tube with separating gel and centrifuged for 5 min at 4000 rpm. Serum and plasma were
separated and stored at -70°C.

Immediately after birth delivery, the umbilical cord was clamped at two different locals,
25 cm apart, and the umbilical cord blood sample (SCU) was collected from this section,
allocated in an EDTA tube and in a dry tube with separating gel, centrifuged for 5 minutes at
4000 rpm. SCU serum and plasma were stored at -70°C. Newborn variables were collected from
their medical records: birth weight and APGAR score (Appearance, Pulse, Grimace, Activity,
Respiration.) (17).

2.2 Oxidative stress markers
2.2.1 Lipid peroxidation
Lipid peroxidation was evaluated by the reaction of reactive species to thiobarbituric
acid (TBARS). The product of this reaction was quantified by spectrophotometry at 534 nm.
The results were expressed with ugmol.g-1 protein (18).
2.2.2  Nitric oxide
The concentration of nitric oxide (NO) was evaluated colorimetrically using the Griess
reagent. The product of this reaction was quantified by spectrophotometry at 540 nm. The
results were expressed as protein ugmol.g-1 (19).
2.2.3 Protein quantification
The protein was determined using the Coomassie blue - Bradford method and bovine serum
albumin was used as a standard. The samples were run in duplicate and the absorbance was

measured at 595 nm. The results were expressed in g/L (20).
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2.2.4 Catalase
It was determined according to the method of Nelson and Kiesow (1972). The
absorbance was recorded for 1 minute (every 15 seconds) at 240nm and the results were
given in nmol/mg protein/minute (21).
And in the mothers' plasma and in the umbilical cord blood of their respective children
it was dosed:
2.2.5 8-Hydroxydeoxyguanosine (8-OHdQG)
For the determination of 8-OHdG the competitive commercial enzyme immunoassay kit: E-
EL-0028 (Elabscience) was used according to the manufacturer's instructions. The results were

expressed in mg/ml (22).

2.3 Statistical analysis

The data table was built using Microsoft Excel. Statistical analysis was performed using
IBM SPSS Statistics version 26 for Windows.

Quantitative variables were expressed as mean = standard deviation or as median (25th
percentile - 75th percentile). Comparisons of oxidative stress markers between premature and
full-term pregnancies were performed using analysis of variance with a classification criterion.
For variables that violated the assumption of homoscedasticity, assessed by the Levene test,
was presented by the Brown-Forsythe robust estimator. The comparisons between gestational
history, APGAR in the 1st and 5th minutes and premature and term pregnancies were performed
using the U test of Mann-Whitney: Probability values <0.05 were considered statistically

significant.

3. RESULTS
Blood and data were collected from the medical records of 40 mother-child binomials,
where 1 binomial was excluded from the study because the mother presented cytomegalovirus
serology in the postpartum exams. Thus, we included 39 women with their respective children,
with 16 mother-child binomials in the premature group and 23 mother-child binomials in the
term group. Among the 16 mother-child binomials in the premature group, 8 were classified as
spontaneous preterm infants and 8 as placental preterm infants. The characteristics of the

participants are summarized in table 1.
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Table 1. Characteristics of mothers (n=39) and of newborns (n=39).

Premature Term P
(n=16) (n=23)
Mothers
Age 29,6 +7,2 26,8 + 6,1 0,210
Pregnancy age (weeks) 332+24 39,1+1,0 < 0,001
Smoker 1(6,3%) 2 (8,7%) 1,000
Previous pregnancy 2,0 (1,3-4.5) 3,0 (1,0-3,0) 0,832
Previous abortion 0(0-0,8) 0(0-0) 0,437
Previous birth 1,0 (0-2,8) 1,0 (0-2,0) 0,921
Way of birth 0,411
Vaginal 3 (18,8%) 7 (30,4%)
Operative 13 (81,2%) 16 (69,6%)
Newborns
Birth weight (grams) 1.803,4 + 640,7 3.184,6 £342.8 < 0,001
Apgar 1° minute 7,0 (5,3 -28,0) 9,0 (8,0-9,0) <0,001
Apgar 5° minute 9,0 (8,0 -10,0) 9,0 (9,0 - 10,0) 0,207

(25th percentile - 75th percentile)

Values express mean =+ standard deviation, absolute and relative frequency or median

There was no statistically significant difference in the age and obstetric history of the

mothers in the 2 groups. The mean gestational age of the premature group was (33.2 + 2.4

weeks), and the term group was (39.1 + 1.0 weeks) with statistical significance between the

groups (p <0.001). With regard to smoking, 1 mother in the premature group (6.3%) and 2

mothers in the term group (8.7%) representing 15% of the total sample, with no statistically

significant difference between the groups. The operative mode of delivery was the most

prevalent, representing 69.6% of the total sample (Table 1), with no statistical significance

between the groups (p = 0.411). The characteristics of newborns participants are summarized

in table 1.

Premature newborns had significantly lower birth weight compared to full-term

newborns (1803.4 + 640.7g and 3,184.6 & 342.8g, respectively), p <0.001.
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The APGAR score measured in the first minute showed a median of 7 in the premature
group and a median of 9 in the control group, with a significant difference between the groups,
however in the APGAR measured in the fifth, there was no significant difference.

The markers: lipid lipoperoxidation, 8-OHdG, nitric oxide, proteins, and catalase dosed
in mothers in the premature group and the term group are shown in table 2. We found an
increase with statistical significance in the concentrations of lipid lipoperoxidation in the term
group compared to the premature group. However, there was no statistically significant

difference between groups in the other markers studied.

Table 2. Oxidative stress markers of mothers and SCU of newborns.

Premature Term P

(n=16) (n=23)

Mothers
Lipid peroxidation, ugmol.g™! 15,6 +7,3 21,7+7,1 0,013
8-OHdG, ng/mL 126,0 £37,8 122,0 £ 21,9 0,705
Nitric oxide, ugmol.g™! 13,8+ 6,1 16,9 + 12,5 0,370
Protein, g/L 135,7+42,3 121,6 £40,8 0,302
Catalase ugmol.g™! 0,05 +0,03 0,05 +0,03 0,844
SCU of newborns
Lipid peroxidation, ugmol.g™! 15,0+£5,3 21,2+7,2 0,006
8-OHdG, ng/mL 46,4 + 30,6 73,8 +£33,2 0,013
Nitric oxide, ugmol.g™! 15,0+ 7,2 16,6 = 10,3 0,584
Protein, g/L 131,9+£37,7 125,3 +£38,5 0,599
Catalase, ugmol.g’! 0,17+0,21 0,07 £ 0,04 0,094
Values express mean + standard deviation

Table 2 shows the results of oxidative stress markers measured in the SCU of newborns
(premature and term group). We found statistically significant higher values in the oxidative
stress markers of the term group: 8-OHdG (P = 0.013) and lipid lipoperoxidation (P = 0.006).

In the other markers, there was no statistically significant difference between the groups.

Table 3 shows the results of the oxidative stress markers of mothers of the subgroups of
preterm infants (spontaneous preterm infants and placental preterm infants). The results of lipid
lipoperoxidation and nitric oxide measurements were statistically higher in the premature

placental subgroup compared to the spontaneous premature subgroup (Figure 2). The other
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markers studied were not statistically significant. Finally, table 3 shows the results of the
oxidative stress markers of the SCU of newborns in the subgroups of preterm infants
(spontaneous preterm infants and placental preterm infants). There was no statistical

significance among all studied markers.

Table 3. Oxidative stress markers of mothers and SCU of newborns of the premature
subgroup.
Spontaneous Placental P
premature premature
(n=8) (n=8)
Mothers
Lipid peroxidation, ugmol.g™! 11,4+39 19.8 £ 7,7 0,021
8-OHdG, ng/mL 118,9 + 36,6 133,0 + 40,1 0,861
Nitric oxide, ugmol.g™! 99+34 17,8 £5,6 0,005
Protein, g/L 161,8 +31,6 109,7 + 36,1 0,008
Catalase, ugmol.g™! 0,04 £0,02 0,05 +£0,04 0,321
SCU of newborns
Lipid peroxidation, ugmol.g™! 13,9 +5,6 16,2 +£5,0 0,393
8-OHdG, ng/mL 60,1 + 36,3 32,6 £16,1 0,071
Nitric oxide, ugmol.g™! 15,0+7,9 15,0+£6,9 0,996
Protein, g/L 145,0 + 44,3 118,9 £ 26,4 0,175
Catalase, ugmol.g'1 0,17+0,27 0,16 £0,15 0,930
Values express mean + standard deviation

4. DISCUSSION

In this observational/cross-sectional clinical study, we assessed the level of DNA
damage, oxidative stress markers, and antioxidant enzymes in mother-child binomials in a
group with premature newborns compared to a group with full-term newborns. We found higher
values in the dosage of lipid lipoperoxidation in the mothers of the term group, in the levels of
lipid lipoperoxidation and nitric oxide in the mothers of the placental premature subgroup
compared to the spontaneous premature subgroup. We found higher lipid lipoperoxidation and

8- OHdG levels in the SCU of newborns in the term group when compared to the premature

group.
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Lipid lipoperoxidation was significantly higher in mothers with term pregnancies
compared to mothers who had premature newborns, corroborating with studies that show that
in normal pregnancy, there is an increase in lipoperoxidation products as the pregnancy
progresses (23—26). During physiological pregnancy, the development of fetal tissues and
organs requires the provision of an adequate amount of nutrients and oxygen. Their reactive
forms produced in the body of the mother and fetus affect the replication, differentiation, and
maturation of developing cells. Its balanced activity and the maintenance of the balance of
oxidative processes are necessary factors for the organism's proper development and
functioning (27). There are also numerous anatomical, physiological, and metabolic changes in
the mother's body. According to the researchers, they are presumed to support ROS production,
especially in the second half of pregnancy. This is mainly due to the increase in primary
metabolism and the "consumption" of oxygen, and the use of fatty acids as the primary source
of energy for most maternal placental tissues (28).

The last trimester of pregnancy is a special period of increased insulin resistance, fat
catabolism, and free fatty acids released. These processes might lead to an increase in the
production of free radicals (29). The placenta, filled out with mitochondria, is the primary
source of pro-oxygenates, the so-called "factory" of ROS. The superoxide anion radical is the
precursor of other more reactive forms of oxygen-derived radicals, such as hydrogen peroxide
and hydroxyl radical. Its production increases with pregnancy development, which is mainly
associated with an increase in placental mass (30).

Thus, a balanced redox metabolism is necessary from conception for the proper placenta
development. The relatively low oxygen pressure in the initial placenta development aims to
prevent ROS's excessive production, protecting the embryo, and fetus against free radicals'
harmful and teratogenic effects (31). The redox balance processes are essential for appropriate
implantation and embryonic development. Simultaneously, uncontrolled production of oxygen
radical peroxidation products can lead to embryonic resorption, embryopathy, preeclampsia and
placenta degeneration, leading to growth decificts, low birth weight, or even premature birth
(6,31,32).

In our study, we confirm this theory. When analyzing only the mothers of the premature
group with (placental premature) and without (spontaneous premature) pathologies during
pregnancy, we found that the lipid lipoperoxidation significantly higher in the mothers of the
premature placental group (mothers with preeclampsia) in comparison with mothers without
pathologies (spontaneous premature). In addition, lipid lipoperoxidation was significantly

higher in the SCU of full-term newborns compared to premature newborns. As far as we know,
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this is the first time that it is reported. One study found augmented TBARS levels in mothers
and SCU of full-term newborns immediately after birth (33), in line with our study, in which
we found higher lipid lipoperoxidation levels in the mothers and the SCU of newborns in the
term group. However, when we analyzed the lipid lipoperoxidation of the SCU of newborns in
premature subgroups, there was no significant difference.

Our results corroborate with the Tastekin et al. (34) study. They reported that the lipid
lipoperoxidation in mothers' cord blood (32 weeks gestational age) was similar between groups
(mothers with preeclampsia and without preeclampsia). However, Zadir et al. (35) obtained
different results, in which the TBARS levels were increased in the cord blood of mothers with
preeclampsia compared to the control group. With these data, we can demonstrate oxidative
stress markers in umbilical cord blood, indicating the fetal exposure of ROS during intrauterine
life. However, how newborns react to this exposure is still unclear.

In the same line, we evaluated the 8-OHdG levels, an oxidized nucleoside released after
the DNA repair, commonly used as a marker of oxidative stress, as one of the most sensitive
biomarkers of oxidative stress, and, therefore, widely used as a biomarker of oxidative damage
to DNA (36). In our study, no differences were found in 8-OHdG levels between mothers
(preterm and term), as well as between mothers in the preterm subgroups (spontaneous x
placental preterm). However, the literature is controversial. Some studies show higher
concentrations of 8-OHdG in mothers of premature newborns than mothers of full-term
newborns (37,38). Other studies show variable levels of 8-OHdG during pregnancy, with higher
levels throughout the pregnancy (26,39). It is worth mentioning that all of these studies analyzed
urinary levels of 8-OHdG. However, a recent study in which maternal serum §-OHdG levels
were measured using the ELISA method (40) found results similar to our study, with no
statistically significant difference in 8-OHdG levels between groups with preeclampsia. mild,
severe preeclampsia and the group of healthy pregnant women. Studies are summarized in

table 4.

Table 4. Study with the 8-OHdG marker
Biomarker Study population Results Reference
8-OHdG urinary | 487 Mothers of premature newborns Higher levels of 8-OHdG in (37)
and mothers of full-term newborns. mothers of preterm infants.
8-OHdG urinary | 503 healthy pregnant women 24-26 Higher levels of 8-OHdG in (38)
weeks of gestation were followed women with complicated
prospectively until postpartum. pregnancies who progressed to
premature birth.
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8-OHdG urinary | 26 healthy pregnant women at 20, 30 Variable levels of 8-OHdG during | (39)
weeks and at delivery. pregnancy, with higher levels later

compared to early pregnancy.

8-OHdG urinary | 105 women with uncomplicated 8-OHdG levels with significant (26)
pregnancies at various stages of increase in the third trimester of
pregnancy and 6 to 8 weeks after pregnancy returning to non-
delivery and 40 healthy women of pregnant levels in the postpartum

reproductive age, but not pregnant, as period.

controls.

8-OHdG serum | 22 pregnant women with severe 8-OHdG levels with no statistically | (40)
preeclampsia, 18 pregnant women with | significant difference between
mild preeclampsia and 40 healthy groups.

pregnant women at 25 and 41 weeks of

gestation

An alternative hypothesis defends the fact that 8-OHdG tracks not only oxidative
damage to DNA but also the successful execution of the repair process (41), so, in this scenario,
8-OHdG is not a stress marker oxidative, but the ability to repair oxidative damage. Our study
found a significant difference with higher levels in the SCU of full-term newborns compared to
the SCU of premature newborns, corroborating this theory. We suggest that it may indicate that
a full-term newborn is more likely to execute the repair process of intrauterine oxidative damage
successfully when pregnancy evolves than those who had born prematurely. It was also
suggested in another study with women who delivered babies with congenital malformations
presented lower levels of 8-OHdG compared to mothers with healthy babies (37).

Besides, when analyzing the subgroups of preterm infants, we found no significant
difference in the levels of 8-OHdG in the SCU between the spontaneous preterm and placental
preterm groups. Another study evaluating 8-OHdG in the cord blood of pregnant women with
newborns (32 to 41 weeks of gestation) also found no significant correlation between the levels
of 8-OHdG in the SCU among newborns as having no relation to maternal factors (42),
reinforcing the conclusion of the study by Akinci et al. (40), that the marker 8-OHdG does not
support the concept of participation in the etiopathogenesis of preeclampsia and consequent
premature given birth.

Another interesting marker analyzed was nitric oxide (NO). It is a key molecule involved
in various biological functions in the human body, and some studies are investing in
establishing the NO role in perinatal medicine. NO is a potent signaling molecule that maintains

endothelial integrity, regulating vasodilation, leukocyte adhesion to blood vessels, platelet
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aggregation (43), and participates in the regulation of vascular reactivity uteroplacental and
fetal-placental circulations (44). We did not find any significant differences in NO levels when
comparing mothers in premature groups with mothers in term groups. However, when we
evaluated the subgroups (spontaneous preterm and placental preterm), NO levels were higher
in the maternal serum of the preterm placental group (mothers with preeclampsia) compared to
the spontaneous preterm group (mothers without preeclampsia).

However, there are contradictory reports on NO levels concerning preeclampsia. The
increased levels of NO observed in women with preeclampsia in our study are in agreement
with the findings of some studies (45-48). One study reported decreased levels of NO in
pregnant women with preeclampsia compared to healthy pregnant women (49). On the other
hand, studies have found no change in NO levels compared to normal pregnancies (50-52). In
particular, a study carried out in Ghana by Adu-Bonsaffoh et al. (45) observed a high level of
NO in preeclampsia compared to normotensive pregnancy. The authors attributed the high
levels of NO to an unregulated compensatory reaction to restore generalized endothelial
damage. As well, AH Shaamash et al. (48) concluded in their study that the increase in ON in
pregnancies with preeclampsia is due to a protective compensatory mechanism to maintain
blood flow and limit platelet aggregation in maternal-fetal circulations.These studies are

summarized in table 5.

Table 5. Studies with the nitric oxide marker
Biomarker Study population Results Reference

Serum NO 75 non-pregnant, 102 healthy pregnant | Elevated serum NO levels in women (45)
women and 100 pregnant women with | with preeclampsia compared to healthy
preeclampsia and non-pregnant pregnant women

Serum NO 60 pregnant women in four different Serum nitrite levels were higher in (46)
groups: 10 normotensive pregnant pregnant women with preeclampsia,
women, 17 pregnant women with lower in chronic hypertensive pregnant
preeclampsia, 18 pregnant women women and similar in pregnant women
with gestational hypertension and 15 with gestational hypertension
pregnant women with chronic compared to the control group
hypertension.

Serum NO 34 healthy pregnant women and 34 Seriously high serum NO levels in 47)
pregnant women with preeclampsia pregnant women with preeclampsia

compared to healthy pregnant women

Serum NO 31 full-term pregnant women with Seriously high serum ON levels in (48)
preeclampsia and eclampsia, 32 pregnant women with preeclampsia
healthy full-term pregnant women and | compared to healthy pregnant women
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21 healthy non-pregnant women of the
same age.
Serum NO 64 pregnant women with preeclampsia | Decreased ON levels in pregnant (49)
and 30 healthy pregnant women women with preeclampsia compared to
healthy pregnant women
Serum NO 30 pregnant women with preeclampsia | No difference in nitric oxide levels (50)
and 30 healthy pregnant women between pregnant women with
preeclampsia and healthy pregnant
women
Serum NO 39 normal pregnant women 34 women | No difference in nitric oxide levels 5D
with preeclampsia between pregnant women with
preeclampsia and healthy pregnant
women
Serum NO We studied 26 patients with No difference in nitric oxide levels (52)
preeclampsia and 27 normotensive between pregnant women with
pregnancies. preeclampsia and healthy pregnant
women

Besides, when analyzing the serum levels of NO in the SCU of the newborns here, we did
not find any difference relating to premature vs. terms newborns, and when comparing the
spontaneous vs. placental premature subgroups.. AH Shaamash et al. (48) previously found
different results in NO analysis in the SCU of their newborns, with Seriously higher serum NO
levels in pregnant women with preeclampsia compared to healthy pregnant women.

In conclusion, oxidative stress is related to the increased TBARS and nitric oxide levels
in pregnant women with placental pathologies (mothers with preeclampsia). However, it is not
yet possible to establish whether oxidative stress is the causative factor of premature birth.
Among the markers of oxidative stress studied, 8-OHdG is considered one of the most sensitive.
Nevertheless, it does not seem to correspond to oxidative damage in pregnant women but to the
ability to repair oxidative damage. Further investigation might uncover the diagnostic value of
oxidative stress markers in pregnant women and newborns and, thus, improve pregnancy

outcomes and the consequent prognosis of children.
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5. CONCLUSAO

O estresse oxidativo materno relacionado como causa de parto prematuro estd sendo
muito pesquisado recentemente. Existem muitos estudos na literatura, no entanto os resultados
ainda s3o muito controversos. As principais conclusdes deste estudo sdo:

1. As gestantes com patologias placentarias (maes com pré-eclampsia) apresentam estresse
oxidativo com niveis aumentados de TBARS e 6xido nitrico.
2. O marcador 8-OHdG ¢ considerado um dos marcadores mais sensiveis de estresse
oxidativo, no entanto, em gestantes isso ndao foi comprovado.
3. Nao ¢ possivel estabelecer se o estresse oxidativo materno ¢ fator causal do parto
prematuro.
Futuros estudos devem investigar o valor diagnoéstico dos marcadores de estresse
oxidativo em gestantes e recém-nascidos e assim, diminuir a incidéncia de parto prematuro, e

consequente prognostico dos recém-nascidos.
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6. CONSIDERACOES FINAIS

Para o desenvolvimento deste estudo objetivamos pesquisar causas de partos
prematuros, problema que abrange o mundo, com grande impacto na satde e economia da
populacdo. Sabemos que sdo muitas as causas maternas relacionadas ao parto prematuro e a
intervengao precoce destas gestantes poderia evitar parto prematuro. Tem se estudado muito os
efeitos do dano oxidativo nas gestantes com resultados ainda controversos. Essa situagao
ressalta a importancia de recorrer a abordagens baseadas em evidéncias a fim de esclarecer as

principais causas de parto prematuro com diagnostico e tratamento adequado das gestantes.
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