ORIGINAL ARTICLE

Assessment of oxidative damage and enzymatic
antioxidant system activity on the umbilical cord
blood and saliva from preterm newborns with risk
factors for early-onset neonatal sepsis

Fabio Gongalves Coutinho!

Edna Maria de Albuquerque Diniz"
Ingrid Kandler?

Marco Anténio Cianciarullo®
Natdlia Rodrigues dos Santos*

1. Dept. of Pediatrics - Children’s Institute / FMUSP - S3o Paulo/SP, Brasil.

2. Dept of Pediatrics - Federal University of Espirito Santo / UFES - Espirito Santo/ES, Brasil.
3. Chief of Dept. of Neonatology - Municipal Hospital of Barueri/SP, Brasil.

4. Dept. Of Neonatology - Municipal Hospital of Barueri/SP, Brasil.

http://dx.doi.org/10.1590/1806-9282.64.10.888

SUMMARY

BACKGROUND: To determine the concentration of the Lipid Peroxidation Marker: Malondialdehyde (MDA), and Antioxidant Markers:
Superoxide Dismutase (SOD), Glutathione Peroxidase (GPX), Catalase (CAL) in umbilical cord blood and in unstimulated saliva in the
first 24 and 48 hours of life in the PTNB of mothers with and without risk factors for early-onset neonatal sepsis.

METHODS: Cross-sectional study with the signing of informed consent by the pregnant women and application of a standard question-
naire classifying the PTNB in Group 1or 2.

RESULTS: Twenty-one PTNB were studied. Regarding gender, birth weight, need for oxygen, use of phototherapy, diagnosis of assumed
sepsis, presence of fetal distress, number of pregnancies, type of delivery, use of corticosteroids, premature rupture of membranes, ma-
ternal fever, chorioamnionitis, APGAR at the 5th and 10th minute of life. Statistical analysis was performed with the Mann-Whitney
test (p = 0.019) on the GPX variable of umbilical cord blood in the group of mothers with risk factors for early-onset neonatal sepsis.
There was no statistical difference in the MDA, SOD, and CAT variables of the group with risk factors and in any variable of the group
without risk factors.

CONCLUSION: There was an increase of the GPX concentration in the blood from the umbilical vein in the group with risk factors for
early-onset neonatal sepsis. There was no statistical significance in the comparison of saliva and umbilical cord blood. There was no
statistically significant difference in MDA, SOD, CAT.
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INTRODUCTION

Over the last 30 years, research on neonatal sep-  every 1,000 births between 1995 and 2005°. Thus,
sis has not brought significant improvements for the it is of the utmost importance that the risk factors
early diagnosis of the condition. Its incidence re-  for early-onset neonatal sepsis (EOS) are identified,
mains high® and it doubled from 4.5 to 9.7 cases for  enabling a quick diagnosis®. Several risk factors that
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can contribute to neonatal infection have been iden-
tified, and they can be categorized as environmental,
neonatal, maternal.

Amongst the environmental factors are: use of
infected hospital equipment, cross-contamination of
preterm newborns (PTNB) through their carers, the
absence of breastfeeding. Amongst neonatal factors,
are important: the maturity of the PTNB immune
system, and the oxidative damage represented by the
free radicals (that act in moderate concentrations in
physiological defense responses against pathogens
and the induction of mitosis). It is known that over
the first 72 hours of life there is an extreme produc-
tion of free radicals in the PTNB due to the hyperoxia
resulting from the transition from intrauterine life
(hypoxic medium) to extrauterine, which can result
in an important mediator of cell and tissue damage
when associated with the low maturity of the NB an-
tioxidant system, especially that of PTNB, thus favor-
ing the onset of neonatal sepsis®.

Amongst the maternal factors, there are:

1 - Rupture of membranes’ 18 hours.

2 — Maternal fever over 38°C.

3 — Chorioamnionitis.

PTNB are more prone to develop oxidative stress
than children and adults, due to their higher suscep-
tibility to infections, inflammations, and their imma-
ture immune system. Oxidative damages are related
primarily to “reactive oxygen species” through the
exposure to high concentrations of oxygen. The tran-
sition from the intrauterine environment, with a par-
tial pressure of oxygen (PaO2) of 20-25 mmHg, to the
extrauterine environment, with PaO2 around 100
mmHg®, increases the production of reactive oxygen
radicals, which can be detected in the blood through
the umbilical cord’.

The combination of a high concentration of ox-
ygen, hypoxic periods during labor, and oxidative
stress cause an imbalance in the antioxidant sys-
tem®. The hydroxyl radical (OH-), which is highly
reactive, can damage the DNA, cause lipid peroxi-
dation, changes in the protein structure and in the
vascular permeability, and arterio-capillary fibrosis
secondary to lipid peroxidation®™.

The malondialdehyde (MDA) is the most import-
ant marker for lipid peroxidation. This aldehyde is a
highly toxic molecule. Its interaction with the DNA
and proteins is often referred to as potentially ath-
erogenic and mutagenic®, and its primary source is
the enzymatic peroxidation of polyunsaturated lipids

and the non-enzymatic peroxidation, which involves
the participation of reactive oxygen radicals, transi-
tion metals, and other free radicals™. It can be mea-
sured through the umbilical cord blood™, peripheral
blood™, and saliva®.

Amongst the antioxidant enzymes described, is
the superoxide dismutase (SOD), a metalloprotein
with a strong enzymatic antioxidant power. It has
three different isoforms: the first, containing copper
and zinc, is present in the cytoplasm; the second,
containing manganese, is present in the mitochon-
dria; and the third is present in the intracytoplasmic
environment of the NB and passes on to the extracel-
lular environment upon reaching adulthood™™. Cat-
alase (CAT), also known as hydroperoxidase, is pres-
ent in the intracellular environment and is mostly
produced mostly in the liver, transforming hydrogen
peroxide into water?®.

Glutathione peroxidase (GPX) is an ANTIOXI-
DANT enzyme present virtually in all cells. Its pri-
mary biological function is to protect the organism
from oxidative damage through the detoxification of
peroxides in the presence of selenium?-%.

Since PTNB do not have adequate oxidant levels
due to the interruption of the transfer between the
fetus and the placenta, the endogenous production is
insufficient®*®. However, the GPX activity in PTNBs
is two to six times higher, while the CAT activity is
three times lower in neonatal tissues in comparison
with adults®.

Considering that neonatal sepsis still remains as
the leading cause for NB mortality, the objective of
this study is to measure and compare the concentra-
tion of malondialdehyde (marker for lipid peroxida-
tion), superoxide dismutase, glutathione peroxidase,
catalase (antioxidant markers) in the umbilical cord
blood and saliva from PTNB from mothers with and
without risk factors for early-onset neonatal sepsis.

METHODS

This is a cross-sectional study in which informa-
tion was collected from the mothers in the delivery
room and the Neonatal Intensive Care Unit (NICU) of
the Municipal Hospital of Barueri, Sao Paulo.

A total of 21 PTNB were studied between 30-36
weeks of gestation born at the Maternity and from
the Neonatology department of the Municipal Hos-
pital of Barueri, Sao Paulo, from June to July 2016.

We used parameters of normality according to
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the birth weight (BW), sex, and gestational age (GA)
through Capurro.

Prior to the delivery, we contacted the legal guard-
ian or the pregnant woman to explain the study and
collect the signature for the Informed Consent Form.
Gestational age was confirmed through Capurro. For
all PTNB, we collected data according to the stan-
dard questionnaire, which contained : 1 — Maternal
and obstetric history (age, weight, height, number
of prenatal consultations, number of previous preg-
nancies, type of delivery, abortions, existence of sys-
temic diseases, smoking, alcohol consumption, use
of medication during pregnancy. 2 — Risk factors for
neonatal infection: premature rupture of membranes
> 18 hours, maternal fever above 38°C, chorioamnio-
nitis. 3 — Neonatal history (sex, date of birth, weight,
and height at birth, Apgar scores at the 5th and 10th
minute of life, use of supplemental oxygen, diagnosis
of suspicion of or proven early-onset neonatal sepsis,
the need of phototherapy).

The PTNB were arranged into two groups. Group
I: PTNB from mothers with risk factors for early-on-
set neonatal sepsis; Group II: PTNB from mothers
with no risk factors for infection.

Collection of Material

After delayed umbilical cord clamping and the
placenta expulsion for each PTNB delivery, we col-
lected 10 ml of blood from the umbilical cord through
umbilical vein puncture in a heparin tube in the de-
livery room. From the NB, we collected 1 ml of un-
stimulated saliva to prevent the influence of external
factors, such as stress, at 24 and 48 hours of life, us-
ing direct suction through a vacuum in a dry tube.
The samples were centrifuged and stored in a freezer
at -70°C and later forwarded to the Oral Biochemis-
try Laboratory of the Department of Biomaterial and
Oral Biology of the Faculty of Odontology of the Uni-
versity of Sao Paulo (USP), under the responsibility
of Dr. Fernando Neves Nogueira. Spectrophotometry
analysis of GPX* and SOD?® were carried out. The
MDA analysis was carried out through an estimate of
the reactive substances of thiobarbituric acid®®, and
the CAT analysis through the decomposition of the
hydrogen peroxide®.

Statistical analysis

Based on evidence found in the literature® that
the risk group for early-onset neonatal sepsis would
have an average level of MDA of 10.1 and standard

deviation of 2.8, and the group with no risk factors an
average of 4.2 and a standard deviation of 2.5 for a 5%
probability of committing an alpha error and a statis-
tical power of 80%, it would be necessary to have 7
PTNB in each group.

We studied 21 PTNB between 30-36 weeks of ges-
tation.

We applied the Shapiro-Wilk normality test.
For the variables that rejected it, we applied the
Mann-Whitney nonparametric test. For all other
variables, the parametric t-test was used to obtain
the averages.

We only found a statistically significant difference
in the glutathione peroxidase variable from the um-
bilical cord blood (Table 3). In this variable, we can
say that the risk factor group presents higher values
of glutathione peroxidase than the group with no risk
factors.

For all other variables, we found no statistically
significant difference between the groups.

Results

This is a prospective cross-sectional study in
which were included 21 premature infants according
to the inclusion criteria.

We collected data from the PTNB at birth.

The variables selected were: sex, classification
according to the weight at birth, Apgar score at the
5th and 10th minute of life, use of 100% oxygen, pho-
totherapy, premature rupture of membranes, mater-
nal fever, chorioamnionitis, assumed sepsis, neona-
tal stress, number of previous pregnancies, type of
delivery, smoking, alcohol consumption, and use of
corticosteroids.

As for sex, 47.6% were males and 52.4% females
(Table 1). Regarding the classification of birth weight,
19% were SGA, 71.4% AGA, and 9.5% LGA (Table 1).
As for the use of 100% supplemental oxygen, 61.9%
used it, and 38.1% did not (Table 1). As for the use of
phototherapy, 100% did not go through it (Table 1).
As for the diagnosis of assumed sepsis, 9.5% had the
diagnosis, and 90.5% did not (Table 1). As for the vari-
able of fetal distress, 14.3% presented it, and 85.7%
did not (Table 1). As for the number of previous preg-
nancies, 33.3% had one pregnancy, 38.1% had two.
19% had four, 9.5% had five (Table 1). As for the type of
delivery, 33.3% had a vaginal birth, 28.6% an elective
cesarean, and 38.1% an emergency cesarean (Table
1). As for smoking and alcohol consumption, 100% of
the mothers declared not having either habits (Table
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TABLE 1 - SAMPLE CHARACTERIZATION: ABSOLUTE VALUES AND PERCENTAGES ACCORDING TO GROUP

Variables With factors Without factors Total
n % n % n %
Gender
Men 5 a7 55.6 10 476
Female 7 58.3 444 1 524
Classification per weight
SGA - - 444 4 19.0
AGA 12 100.0 333 15 .4
LGA - - 22.2 2 9.5
100% Oxygen
Yes 75.0 4 444 13 619
No 25.0 55.6 8 381
Phototherapy
Yes - - - - - -
No 12 100.0 9 100.0 21 100.0
Assumed sepsis
Yes 2 16.7 - - 2 9.5
No 10 83.3 9 100.0 19 90.5
Neonatal stress
Yes - - 333 3 14.3
No 12 100.0 66.7 18 857
Number of pregnancies
One 7 583 - - 7 333
Two 3 25.0 5 55.6 8 381
Four 2 16.7 2 22.2 4 19.0
Five - - 2 22.2 2 9.5
Type of delivery
Vaginal 7 58.3 - - 7 333
Elec. Cesarean 25.0 333 286
Emer. Cesarean 16.7 66.7 8 381
Smoker
Yes - - - - - -
No 12 100.0 9 100.0 21 100.0
Alcohol consumption
Yes - - - - - -
No 12 100.0 9 100.0 21 100.0
Use of corticosteroids
Yes 333 1 11 5 238
No 8 66.7 8 88.9 16 76.2
Premature rupture of membranes
Yes 333 - - 4 19.0
No 66.7 9 100.0 17 81.0
Maternal Fever
Yes - - - - - -
No 12 100.0 9 100.0 21 100.0
Chorioamnionitis
Yes 2 16.7 - - 2 9.5
No 10 833 100.0 19 90.5
Total 12 100.0 100.0 21 100.0
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1). As for the use of corticosteroids for lung matura-
tion, 23.8% used, and 76.2% did not (Table 1).

As for risk factors for early neonatal sepsis: pre-
mature rupture of membranes - 19% had it, 81% did
not (Table 1); maternal fever — 100% did not have it
(Table 1); chorioamnionitis — 9.5% had it, 90.5% did
not (Table 1).

The PTNB presented Apgar scores between 8-10
at the 5th minute of life, with a mean of 9, and be-
tween 9-10 at the 10th minute of life, with a mean of
9 as well (Table 2).

In the group with no risk factors, the MDA, CAT,
SOD, and GPX behaved similarly. For the MDA and
CAT, the highest values were found in the blood from
the umbilical cord. As for SOD and GPX, the concen-
tration in the saliva at 24 and 48 hours of life was
greater than in the blood from the umbilical cord.

There was an statistically significant difference
(P=0.019) in the group with risk factors for the vari-
able of GPX in the blood from the umbilical cord. In
this variable, we can say that the risk factor group

presents higher values of GPX than the group with
no risk factors.

For all other variables, we found no statistically
significant difference between the groups.

DISCUSSION

In the present study, we analyzed 21 PTNB, out
of which 12 (57.2%) were placed in Group I, with risk
factors for early-onset neonatal sepsis, and 9 (42.8%)
were placed in Group II, with no risk factors for neo-
natal sepsis.

There was a statistically significant difference
(P=0.019) in the group with risk factors for the vari-
able of GPX in the blood from the umbilical cord. In
this variable, we can say that the group with risk
factors for early-onset neonatal sepsis presents
higher values of GPX than the group with no risk
factors.

That unbalance is also found in cases of clin-
ical or proven neonatal sepsis, in which levels of

TABLE 2 - SAMPLE CHARACTERIZATION: DESCRIPTIVE STATISTICS ACCORDING TO GROUP

Groups Variables n Lower Higher Mean Average Standard
value value deviation
With factors Birth weight (g) 12 1,390.00 3,270.00 2,355.00 2,308.33 587.62
5th minute Apgar | 12 8.00 10.00 9.00 9.25 0.75
10th minute Apgar | 2 9.00 10.00 9.50 9.50 0.7
Without Birth weight (g) 9 1,270.00 3,855.00 2,235.00 2,356.67 76814
factors 5th minute Apgar |9 | 800 10.00 9.00 9.22 067
10th minute Apgar | 1 9.00 9.00 9.00 9.00 -
TOTAL Birth weight (g) 21 1,270.00 3,855.00 2,300.00 2,329.05 653.09
5th minute Apgar | 21 8.00 10.00 9.00 9.24 0.70
10th minute Apgar | 3 9.00 10.00 9.00 9.33 0.58

TABLE 3 — DESCRIPTIVE STATISTICS AND RESULTS OF THE COMPARATIVE TESTS - BLOOD FROM THE

UMBILICAL CORD

Variables Groups Mean Average Standard p-value

(blood) deviation

Protein With factor 190.8165 195.9479 341258 0.570™
Without factor 189.4390 228.6762 96.5989

MDA With factor 0.0271 0.0281 0.0052 0.286™
Without factor 0.0313 0.0295 0.0041

Catalase With factor 01896 01922 0.0374 0.366"
Without factor 01487 0.1628 0.0875

Glutathione peroxidase With factor 0.2285 0.2465 01793 0.019™
Without factor 0.0791 0.0792 0.0220

SOD With factor 0.0051 0.0054 0.0016 0.067
Without factor 0.0039 0.0041 0.0014

* t-Test for averages . ““Mann-Whitney Test
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FIGURE 2

lipid peroxidation rise. There is also a significant
increase of GPX in these cases of clinical neonatal
sepsis®. A pediatrics study with 84 children - 42
with clinical sepsis and 42 healthy - showed that the
concentration of GPX was higher (P<0.001) in the
presence of sepsis than in patients from the control
group*.

In this group, were also found higher concentra-
tions of MDA and CAT in the blood from the umbilical
cord, with no statistical difference in the saliva at 24h
and 48h of life. In conformity with the literature, a
study describes the comparison between MDA con-

centrations in preterm newborns (31 PTNB) and term
NB (29). It was found an MDA concentration two
times greater (P=0.002) in PTNB than in term NB3%.
This difference can be explained, for the intracellular
defenses against oxidative damage are lower in PTNB
than in term NB%,

The concentration of SOD in the blood from
the umbilical cord was lower in comparison with
the concentration found in the saliva at 24h and
48h of life. Consistent with the literature, which
presented a reduction of SOD activity in the blood
from the umbilical cord, showing the possibility
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of the enzyme antioxidant protection mechanism
against the increase of lipid peroxidation3®.

In the group with no risk factors, MDA and CAT in
the blood from the umbilical cord behaved with sim-
ilar concentrations in the saliva from 24h and 48h of
life. In a study were collected 30 blood samples from
the umbilical cords from healthy NB, and the MDA
analyzed showed low concentrations during labor®.
However, the GPX and SOD concentrations were low-
er in the blood from the umbilical cord in comparison
with the saliva at 24h and 48h of life. Several authors
have shown reduced concentrations of GPX and SOD
in comparison with CAT in PTNB3%29,

Another study also describes that the concentra-
tion of GPX in health PTNB is linked to the gestation-
al age: the more premature the newborn is, the lower
the GPX concentration®®.

CONCLUSION

The data from this study indicate an increase in
the concentration of GPX in the blood from the um-
bilical vein in PTNB from the group of mothers with
risk factors for sepsis in comparison with the other
group. There was no statistical significance in the
comparison between the saliva and the blood from
the umbilical cord. There was no statistically signifi-
cant difference in the MDA, SOD, and CAT variables
between both groups, regarding the saliva at 24h and
48h of life and the blood from the umbilical cord.

The levels of GPX in the blood from the umbilical
cord might be a diagnostic tool for more quickly iden-
tifying the suspicion of early-onset neonatal sepsis in
PTNB of a mother with risk factors for early-onset
neonatal sepsis without putting the patient under
further stress.

OBJETIVOS: Determinar a concentragdo do marcador de peroxidagdo lipidica: Malondialdeido (MDA) e dos marcadores antioxidantes:
Superéxido Dismutase (SOD), Glutationa Peroxidase (GPX), Catalase (CAL) no sangue do corddo umbilical e na saliva ndo estimulada
nas primeiras 24 e 48 horas de vida nos RNPT de mdes com e sem fatores de risco para sepse neonatal precoce.

METODOLOGIA: Estudo transversal com a assinatura do termo de consentimento livre esclarecido pela gestante e aplicacdo de um
questiondrio padrdo classificando o RNPT no Grupo 1ou 2.

RESULTADOS: Foram estudados 21 RNPT. Quanto ao género, peso ao nascimento, necessidade de oxigénio, uso de fototerapia, diag-
néstico de sepse presumida, presenga de sofrimento fetal, nimero de gestagées, tipo de parto, uso de corticoide, rotura prematura de
membranas, a presenca de febre materna, a presenga de corioamnionite, Apgar no 50 e 100 minuto de vida, a andlise estatistica foi
feita com o teste de Mann-Whitney (p=0,019) na vdridvel GPX do sangue do corddo umbilical no grupo das maes com fatores de risco
para sepse neonatal precoce. Ndo houve diferenca estatistica nas outras varidveis MDA, SOD, CAT do grupo com fatores de risco e em
nenhuma varidvel do grupo sem fatores de risco.

CONCLUSAO: O aumento de duas vezes a concentracdo da GPX no sangue da veia umbilical dos RNPT do grupo das mdes com fatores
de risco para sepse neonatal precoce. Sem significdncia estatistica na comparagdo entre a saliva e o sangue do corddo umbilical. Néo

houve diferenca estatisticamente significante nas varidveis MDA, SOD e CAT.

PALAVRAS-CHAVE: Estresse oxidativo. Recém-nascido prematuro. Malondialdeido. Glutationa peroxidase. Superéxido dismutase.
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