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ARTICLE INFO ABSTRACT

Keywords: Objectives: To examine oxidative & nitrosative stress (O & NS) biomarkers at the end of term in relation to
Depression perinatal affective symptoms, neuro-immune biomarkers and pregnancy-related outcome variables.

Inflammation Methods: We measured plasma advanced oxidation protein products (AOPP), nitric oxide metabolites (NOXx),
ICI;EE;:;S total radical trapping antioxidant parameter (TRAP), -sulfhydryl (-SH), peroxides (LOOH) and paraoxonase

(PON)1 activity in pregnant women with and without prenatal depression and non-pregnant controls.

Results: Pregnancy is accompanied by significantly increased AOPP and NOx, and lowered TRAP, -SH and
LOOH. Increased O & NS and lowered LOOH and -SH levels are associated with prenatal depressive and physio-
somatic symptoms (fatigue, pain, dyspepsia, gastro-intestinal symptoms). Increased AOPP and NOx are sig-
nificantly associated with lowered —-SH, TRAP and zinc, and with increased haptoglobin and C-reactive protein
levels. Increased O & NS and lowered TRAP and PON 1 activity, at the end of term predict mother (e.g. hy-
perpigmentation, labor duration, caesarian section, cord length, breast milk flow) and baby (e.g. sleep and
feeding problems) outcome characteristics.

Conclusions: Pregnancy is accompanied by interrelated signs of O & NS, lowered antioxidant defenses and ac-
tivated neuro-immune pathways. Increased O & NS at the end of term is associated with perinatal depressive and
physio-somatic symptoms and may predict obstetric and behavioral complications in mother and baby.

Oxidative and nitrosative stress

1. Introduction oxidation protein products (AOPP) (Vargas et al., 2013a), and lowered

levels of antioxidants, including paraoxonase (PON)1 (Barim et al.,

Depression is accompanied by oxidative and nitrosative stress
(O &NS) (Maes et al., 2016; Moylan et al., 2014), immune activation
and a chronic mild inflammatory response (Maes et al., 2015, 1993).
O & NS signs include increased peroxide levels (Liu et al., 2015), in-
creased damage to lipids (Camkurt et al., 2016; Maes, 2008), increased
nitric oxide (NO) production and nitrosative stress (Maes, 2008), in-
creased damage to proteins, as indicated by elevated levels of advanced

2009; Bortolasci et al., 2014; Maurya et al., 2016), total radical trap-
ping potential (TRAP) (Liu et al., 2015) and -sulfhydryl (-SH) groups
(Cichon et al., 2015). Furthermore, peripheral signs of immune-in-
flammatory activation include upregulation of positive acute phase
proteins, including haptoglobin and C-reactive protein (CRP) (Maes,
1993), and downregulation of negative acute phase reactants, including
zinc (Jung et al., 2016; Styczen et al., 2016). In depression, the
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tryptophan catabolite (TRYCAT) pathway may be activated through
stimulation of indoleamine-2,3-dioxygenase (IDO) by immune and
oxidative processes (Maes et al., 2011b).

Pregnancy is accompanied not only by increased immune activation
(Anderson and Maes, 2013) and consequent TRYCAT pathway activa-
tion (Anderson and Maes, 2013), but also O & NS as indicated by in-
creased lipid peroxides (Patil et al., 2006; Walsh, 1994), production of
NO metabolites (NOx) (Choi et al., 2002) and AOPP levels (Fialova
et al., 2003; Kalousova et al., 2002). Antioxidant defenses are lowered
during pregnancy as indicated by lowered PON1 (Rojekar and
Mogarekar, 2015), TRAP (Salas-Pacheco et al., 2016), -SH (De Lucca
et al., 2016) and zinc (Ma et al., 2015; Nossier et al., 2015; Tabrizi and
Pakdel, 2014) levels as well as other antioxidants (Salas-Pacheco et al.,
2016). Increased peripheral inflammation and O & NS have been de-
monstrated to be associated with various obstetric complications, in-
cluding preeclampsia (Kirbas et al., 2016; Ma et al., 2015; Nossier et al.,
2015), glucose intolerance (Zein et al., 2016), miscarriage, fetal
anomaly and growth restriction and preterm labor (Duhig et al., 2016;
Mukhopadhyay et al., 2015). Moreover, these pathways may also affect
neonate's outcomes, including lowered Apgar scores (Rejc et al., 2016),
increased risk of asthma (Noutsios and Floros, 2014), poorer neurode-
velopment outcome (especially among male babies) (Roy et al., 2015),
and other specific diseases of the neonatal period, such as broncho-
pulmonary dysplasia, retinopathy of prematurity, necrotizing en-
terocolitis, and periventricular leukomalacia (Marseglia et al., 2014).

There is now evidence that perinatal depression and anxiety
symptoms are predicted by immune activation and inflammatory re-
sponses, including lowered tryptophan availability and endogenous
compounds with anti-inflammatory and antioxidant properties (Maes
et al, 1992, 2000, 2001), e.g. CC16 (Maes et al., 1999), T3 po-
pyunsaturated fatty acids (PUFAs) (De Vriese et al., 2003) and zinc,
increased inflammatory cytokines and CRP levels (Anderson and Maes,
2014, 2016; Leff-Gelman et al., 2016; Roomruangwong et al., 2016a,
2016c¢). Recently, we published that an increased hematocrit (Hct), but
not mean corpuscular volume (MCV), at the end of term may predict
postnatal depressive symptoms (Roomruangwong et al., 2016b).
Moreover, the severity of physio-somatic symptoms at the end of term,
including fatigue, pain, dyspepsia and gastro-intestinal symptoms, is
strongly associated with signs of inflammation (CRP and zinc levels)
and TRYCAT pathway activation (Roomruangwong et al., 2016a).

There is, however, a paucity of data on the involvement of O & NS
processes in perinatal depression. There is one paper hypothesizing that
increased oxidative stress in perinatal depression could contribute to
cardiovascular pathology in women with pre-eclampsia (Nicholson
et al., 2016). Nevertheless, elevated O & NS in pregnancy may have
detrimental effects by increasing the risk towards perinatal depression
and physio-somatic symptoms. Indeed, increased O & NS processes are
associated not only with the onset of depression (Maes et al., 2011a),
but also physio-somatic symptoms (Maes et al., 2006; Morris and Maes,
2013). In addition, O & NS processes could play a role in pathophy-
siological underpinnings of perinatal depression, including immune
activation, inflammation and lowered T3 PUFA levels (Moylan et al.,
2014). The erythron, including erythrocyte morphology, is in part
modulated by increased oxidative stress and reduced levels of anti-
oxidants (Lurie and Mamet, 2000; Peng and Pan, 2017; Tiwari et al.,
2012; Waggiallah and Alzohairy, 2011).

This study aimed to examine whether O & NS biomarkers, namely
AOPP, LOOH, NOx, -SH groups, TRAP, and PON1 activities in pregnant
women could be associated with depressive, physio-somatic and anxiety
symptoms, inflammatory biomarkers, namely CRP, haptoglobin and zinc,
TRYCAT pathway activation, erythron variables, including Hct, and
mother and baby outcome variables. The a priori hypotheses are that a)
pregnancy is accompanied by signs of O & NS including lowered anti-
oxidant defenses, b) the latter are associated with perinatal affective
symptoms and immune activation, and c) increased O & NS predicts se-
lected obstetric and behavioral complications for mother and baby.
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2. Participants and methods
2.1. Participants

We recruited 24 non-pregnant women and 49 pregnant women who
attended the Antenatal Clinic of the King Chulalongkorn Memorial
Hospital, Bangkok, Thailand. Participants were included when they
were 18 years of age or older and being able to read and write Thai
language. We only included pregnant women who did plan to give birth
and attend postnatal follow up consultations at the Department of
Gynecology, King Chulalongkorn Memorial Hospital. We excluded
pregnant women with positive VDRL or HIV serology, and medical or
obstetric condition(s) that impede ability to fill in the questionnaires
and women with any DSM-IV-TR axis I disorders, other than mood
disorders (bipolar disorder and major depression), e.g. autism, schizo-
phrenia, cognitive disorders and substance abuse. We excluded preg-
nant and non-pregnant women with medical disorders, such as (auto)
immune disorders, diabetes, hypertension, chronic obstructive pul-
monary disease, heart failure. Exclusionary criteria for normal controls
were a lifetime or current diagnosis of any axis 1 disorders. The study
was approved by the Ethics Committee of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand. Written informed con-
sent was obtained from all participants.

2.2. Measures

All pregnant and non-pregnant women were assessed by a senior
psychiatrist using a structured interview, which included the 17-item
Hamilton Depression Rating Scale (HDRS) (Hamilton, 2000; Lotrakul
et al., 1996), the Beck Depression Inventory (BDI) (Beck et al., 1988;
Horasut et al., 1997), the Edinburgh Postnatal Depression Scale (EPDS),
Thai validated translation (Pitanupong et al., 2007; Vacharaporn et al.,
2003), Spielberger's State-Trait Anxiety Inventory (STAI), state version
in a Thai validated translation (Spielberger and Vagg, 1984) and the
Mini International Neuropsychiatric Interview (M.L.N.I) - Thai version —
to assess the diagnosis of “a life time history of mood disorders”
(namely major depression, bipolar disorder or dysthymia) and “a life
time history of depression” (namely major depression or dysthymia)
(Sheehan et al., 1998). A senior psychiatrist and a senior gynecologist
evaluated pregnant women at 2 time points, namely end of term (T1)
and 4-6 weeks after delivery (T2). Pregnant women with a T1 EPDS
score = 11 were considered to have a positive screening for antenatal
depression (Pitanupong et al., 2007; Vacharaporn et al., 2003). The
senior research psychiatrist also assessed criteria for premenstrual
syndrome (PMS), i.e. a recurrent pattern of mood (sadness, depression,
anxiety, irritability, tension and lowered concentration) and physio-
somatic (tender breasts, fatigue, body aches, bloating) symptoms,
which appear in the luteal phase and resolve with menstruation. At T1,
the senior psychiatrist assessed hyperpigmentation and physio-somatic
symptoms, including fatigue, back pain, muscle pain, dyspepsia and
obstipation. In addition, at T1 we assessed body weight (in kilograms,
kg) with a digital weighing scale and height (in meter, m) with a
manual height measure instrument and computed body mass index
(BMI) as body weight (kg) / height (m)> At T2, the senior psychiatrist
assessed mother and baby characteristics including baby sucking pro-
blems and inadequate breast milk flow in the first week after delivery,
number of baby awakenings and total time of baby awakenings during
the night the first 4 weeks after delivery. Medical and obstetric data,
including caesarian section, duration of labor and placenta weight were
obtained from medical records.

At 8.00 a.m. fasting (10 h) blood was collected in non-pregnant and
pregnant (at T1) women for the measurement of serum O & NS and
antioxidant biomarkers, including lipid peroxides, AOPP, NOx, TRAP,
-SH groups, PON1 activities. Hydroperoxide (LOOH) was determined
according to an adaptation of the technique described by Gonzales-
Flecha et al. (Gonzalez Flecha et al., 1991) and Panis et al. (Panis et al.,
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2012). This method uses the compound tert-butyl hydroperoxide to
start a lipid chain reaction that can be detected by photon emission
during the formation of lipid hydroperoxides. Readings were performed
in a Glomax luminometer (TD 20/20 Turner Designers, E.U.A.) over 1 h
at 1 readings/s. Results were expressed as relative units of light (RUL).
To measure protein oxidation, AOPP in plasma was quantified using the
method described by Hanasand et al. (Hanasand et al., 2012) in a mi-
croplate reader, Perkin Elmer®, model EnSpire (Waltham, MA, EUA) at
a wavelength of 340 nm. AOPP concentration was expressed in pM of
equivalent chloramine T. NO metabolite (NOx) levels were assessed
indirectly by determining the plasma nitrite concentration using an
adaptation of the technique described Navarro-Gonzélvez et al.
(Navarro-Gonzalvez et al., 1998). This method is based on the reduction
of the nitrate present in the sample to nitrite by oxidation-reduction
reactions mediated by the system cadmium-copper reagent. Thereafter,
Griess reagent was added to induce diazotization, forming a colored
complex and subsequent detection at 540 nm. The quantification of
NOx was made in a microplate reader Asys Expert Plus, Biochrom®
(Holliston, MA, USA). The nitric oxide concentration was expressed in
uM. TRAP was evaluated according to the method described by Repetto
et al. (1996) in microplate reader Victor X-3, Perkin Elmer” (Waltham,
MA, USA). Experimental conditions were: running time of 25 min, re-
sponse range from 300 to 620 nm and a temperature of 30 °C. This
method detects hydro and/or lipossoluble antioxidants present in
serum. The results were expressed in uM trolox. Sulfhydryl (-SH) groups
from proteins were evaluated by the method described by Hu (1994),
which is based on the reaction of 5,5-dithiobis-2 nitrobenzoic acid
(DTNB) with sulfhydryl groups. Determination was conducted in a
spectrophotometer Helios a, Thermo Spectronic” (Waltham, MA, USA)
at 412 nm. Results are expressed as uM/mg of plasmatic protein. Total
plasmatic activity of PON1 was determined by the method described by
Richter et al. (Richter et al., 2008). The rate of hydrolysis of phenyl
acetate was determined in a microplate reader EnSpire, Perkin Elmer’
(Waltham, MA, USA) at 270 nm and the temperature maintained at
25 °C. Measures were recorded for 4 min each 15s. The activity was
expressed in U/mL based on the phenyl acetate molar extinction coef-
ficient of 1.31 mMol/L cm ™~ '. PONT1 status (Q192R polymorphism and
activity) was determined through kinetic assays (Richter et al., 2008) in
a spectrophotometer microplate reader (EnSpire, Perkin Elmer, USA).
Individuals were stratified in functional genotypes for PON1 Q192R
polymorphism (QQ, QR and RR). Total plasmatic PON1 activity was
determined by measuring rates of phenylacetate (PA, Sigma, USA) hy-
drolysis at low salt concentration since under this assay condition, the
PON1 Q192R polymorphism does not influence PON1 catalytic activity
against PA (Furlong et al., 2006). Moreover, we also present PON1
CMPAase activity which was determined by measuring rates of 4-
(chloromethyl)phenyl acetate (CMPA, Sigma, USA), an alternative to
the use of the toxic paraoxon. CMPAase parallels the POase activity
reported in some papers and both are influenced by the PON1 Q192R
polymorphism since Q allozyme presents low efficacy to metabolize
CMPA (or paraoxon). We also determined serum CRP, haptoglobin and
zinc (Roomruangwong et al., 2016c) and IgA responses to tryptophan
and tryptophan catabolites (Roomruangwong et al., 2016a) as de-
scribed previously. Het and MCV [47] were assayed using an automated
cell counter, Mindray BC 6800 (Shenzhen Mindray Bio-Medical Elec-
tronics, China). The intra-assay CV values of all analytes were less than
10%.

2.3. Statistical analysis

Analyses of contingency tables (X>-test) were used to check asso-
ciations between sets of categorical variables, while analyses of var-
iance (ANOVAs) were used to assess differences in continuous variables
between groups. Pearson's product moment correlation analyses were
used to check univariate correlations between continuous variables.
Automatic stepwise multiple regression analyses were performed to
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delineate the most significant predictors of T1 physio-somatic symp-
toms, T2 rating scales, zIgA KYN/TRY ratio (see further), duration of
labor, placenta weight and duration of baby awakenings the first week
after child birth. Multivariate general linear model (GLM) analyses
were employed to check the multivariate effects of predictor variables
on dependent variables. For example, we used the O & NS biomarkers as
dependent variables and pregnancy and depression diagnoses or se-
verity ratings as explanatory variables while adjusting for age and
PON1 genotypes. Tests for between-subjects effects were consequently
used to assess protected univariate effects of the significant explanatory
variables on each of the dependent variables. Automatic stepwise
binary regression analyses were used to delineate the most significant
predictor variables of dichotomous mother and baby characteristics,
including T1 hyperpigmentation, caesarian section, baby sucking pro-
blems and inadequate breast milk flow. The odds ratio and 95% con-
fidence intervals were computed. We used Ln transformations where
needed to normalize the data distribution of the biomarkers, namely
AOPP, NOX, PON1 and CRP. We computed z-values of biomarker
variables and used z-unit weighted composite scores, namely zZAOPP +
zNOx (zAOPP+NOx) as an index of O&NS, zTRAP + zCMPAase
(zZTRAP +CMPA) as an index of antioxidant defenses, zZAOPP + NOx -
ZTRAP + CMPA (zOX/ANTIOX) as an index of oxidative versus anti-
oxidant ratio, and zIgA directed against kynurenine — zIgA directed
against tryptophan (zIgA KYN/TRY) as an index of TRYCAT pathway
activation (Maes et al., 2011b). Results of regression analyses were
checked for collinearity. All statistical analyses were performed using
IBM SPSS windows version 22. Tests were 2-tailed and a p-value of 0.05
was used for statistical significance.

3. Results
3.1. Descriptive statistics

Table 1 displays the socio-demographic and biomarker data of
pregnant and non-pregnant women. Age was not significantly different
among the study groups. T1 EPDS, HDRS and BDI were significantly
higher in pregnant than in non-pregnant women, whilst T1 STAI was
significantly lower in pregnant women. PC physio-somatic symptoms
was significantly higher in pregnant than in non-pregnant women. CRP,
haptoglobin and zinc were significantly different between both groups.
The zIgA KYN/TRY ratio was significantly lower in pregnant than in
non-pregnant females. AOPP, NOx, zAOPP+NOx and zOX/ANTIOX
values were significantly higher in pregnant as compared to non-
pregnant women. LOOH, TRAP, -SH groups and zTRAP + CMPA were
significantly lower in pregnant than in non-pregnant women. Never-
theless, we underscore that we did not use p-corrections to interpret
these results as these univariate tests (and the Pearson and point-bi-
serial correlation matrices between the variables) were only employed
to delineate the predictor variables that were subsequently used as in-
dependent predictors in the ultimate multivariate GLM and binary lo-
gistic regression analyses.

3.2. Effects of pregnancy on O & NS biomarkers

Table 2 shows the results of a multivariate GLM analyses with all
O & NS biomarkers measured in this study together with zZAOPP +NOx,
zZTRAP + CMPA and zOX/ANTIOX as dependent variables, while preg-
nancy, diagnosis of antenatal depression (AND), a lifetime diagnosis of
depression, age and genotype (RR versus QQ+QR) were used as ex-
planatory variables. Pregnancy and PON1 genotype showed significant
effects on the O & NS markers. Tests for between-subject effects showed
similar effects of pregnancy on O & NS biomarkers, as presented in
Table 1. PON1 total activity was only associated with RR genotypes,
while there were no differences in CMPAase activity between the
groups.
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Table 1
Sociodemographic, clinical and biomarker data in pregnant and non-pregnant women.

Variables Non- Pregnant F df P
pregnant
(n=24) (n=49)

Age (years) 28.1 (3.2) 28.5 (6.7) 0.07 1/71 0.792

EPDS 4.3 (3.0) 8.8 (6.6) 9.67 1/70 0.003

STAI-state 49.6 (6.3) 42.5 (10.9) 9.38 1/70 0.003

HDRS 3.3(2.3) 7.8 (5.6) 14.04 1/70 <0.001

BDI 1.8 (1.9) 10.6 (8.0) 2688 1,/70 <0.001

PC Physio-somatic -1.12(0.0)  0.19 (0.94) 46.02 1,/71 <0.001
symptoms

BMI (kg/m2) 20.5 (2.7) 26.6 (4.8) 3282 1/71 <0.001

hs-C-reactive protein 1.6 (2.0) 5.1 (4.8) 1166 1,/70 0.001
(mg/dL)

Zinc (: g/dL) 93.0 (10.1) 75.9 (12.9) 32.39 1/69 <0.001

Haptoglobin (g/L) 1.17 (0.43) 0.93 (0.49) 4.97 1/70 0.029

IgA KYN-TRP 0.52 (0.55) -0.26 (1.02) 1234 1,/71 0.001
(z-value)

AOPP (uM) 73.0 (21.0) 202.6 (85.1) 111.24 1/71 <0.001

LOOH (RLU x 10°) 261.6 (104.4) 183.4 (542.0) 1400 1/71 <0.001

NOx (uM) 16.7 (7.3) 31.7 (9.8) 4410 1/71 <0.001

TRAP (UM trolox) 815.2 (68.9) 743.5 (101.8) 9.68 1/71 0.003

-SH groups (UM) 294.4 (50.9) 237.5(36.8) 2963 1/71 <0.001

PON1 total activity 266.9 (83.8)  260.8 (107.7) 0.34 1/71 0.562
(U/mL)

CMPAase activity 50.0 (15.1) 44.7 (12.6) 2.48 1/71 0.119
(U/mL)

PON1 genotype 2/8/14 5/20/24 0.57 2 0.745
(QQ/QR/RR)

zAOPP +NOx —1.99 (0.77) 0.97 (1.24) 11487 1/71 < 0.001
(z-value)

ZTRAP + CMPAase 0.75 (1.13) —0.37 (1.52) 10.20 1/71 0.002
(z-value)

zOX/ANTIOX —2.74 (1.36) 1.34 (2.03) 7936 1/71 <0.001
(z-value)

All values are shown as mean ( = SD). F: all results of analyses of variance; X2 all results
of chi-square tests (analyses of contingency tables).

EPDS: Edinburgh Postnatal Depression Scale; STAIL: Spielberger's State-Trait Anxiety
Inventory; HDRS: The Hamilton Rating Scale for Depression; BDI: Beck Depression
Inventory.

BMI: Body Mass Index (Kg/m?).

IgA KYN/TRY: IgA directed to kynurenine — IgA directed to tryptophan.

AOPP: Advanced oxidation protein products.

LOOH: Hydroperoxide.

NOx: Nitric oxide metabolites.

TRAP: Total radical trapping potential.

-SH groups: -Sulfhydryl groups.

PONI1 total activity: paraoxonase 1 total activity determined using phenylacetate as
substrate.

CMPAase: PON1 activity determined using CMPA (4-(chloromethyl)phenyl acetate) as
substrate.

ZAOPP + NOx: sum of z values of AOPP and NOx.

ZTRAP + CMPAase: sum of z values of TRAP + CMPAase.

ZOX/ANTIOX: zZAOPP + NOx/ zTRAP + CMPAase.

3.3. Associations among O & NS biomarkers and prenatal symptomatology

Table 3 (regressions #1 — 4) shows the results of multivariate GLM
analyses with T1 EPDS, STAIL, BDI and HDRS values as dependent
variables and the O & NS and antioxidant biomarkers together with a
lifetime diagnosis of depression as explanatory variables. Regression #1
shows that both AOPP and a lifetime diagnosis of depression had sig-
nificant effects on the T1 rating scale scores. Tests for between-subject
effects showed positive associations between AOPP and EPDS, BDI and
HDRS, while AOPP was negatively associated with the STAI score.
Multivariate GLM analyses #2 — 4 show that also NOx, LOOH and -SH
groups had significant effects on the 4 rating scales. Tests for between-
subject effects show that NOx is inversely associated with T1 STAI
(F=9.01, df=1/68, p=0.004), LOOH with the BDI (F=4.16, df=1/68,
p=0.045) and -SH groups (F=6.51, df=1/68, p=0.013) inversely
with BDI.
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Moreover, zZAOPP + NOx (F=10.61, df=4/65, p < 0.001) and zOX/
ANTIOX (F=7.59, df=4/65, p < 0.001) had significant effects on the 4
rating scales. Tests for between-subjects effects showed that zAOPP
+NOx and zOX/ANTIOX were both significantly and positively asso-
ciated with HDRS and BDI and inversely with STAI scores. There were
no significant effects of PON1 and CMPAase activities on T1 rating scale
scores.

3.4. Associations among O & NS, antioxidant and immune-inflammatory
biomarkers

Table 4, regressions # 1 and 2, shows the associations between in-
flammatory and O & NS biomarkers. Regression #1 shows that -SH
groups and NOx had significant effects on CRP, haptoglobin and zinc.
Tests for between-subject effects showed that CRP was associated with
—SH groups (inversely) and NOx (positively), while haptoglobin (posi-
tively) and zinc (negatively) were associated with NOx. Regression #2
shows that -SH groups together with AOPP had significant effects on the
three inflammatory biomarkers. Tests for between-subject effects
showed that CRP was associated with -SH groups (inversely) and AOPP
(positively), while zinc was negatively associated with AOPP.

The same table (regression #3 and 4) shows the associations be-
tween O & NS markers, on the one hand, and antioxidants, on the other.
—SH groups, TRAP and zinc, but not PON1 total and CMPAase activities,
had significant effects on O & NS markers, while tests for between-
subject effects showed that —-SH groups were significantly and inversely
associated with AOPP, NOx and zAOPP + NOx. Regression #4 shows
that TRAP was significantly and inversely associated with the three
O &NS indicants. Regression #5 shows that zinc was inversely asso-
ciated with AOPP, NOx and zAOPP +NOx and positively with LOOH
levels.

Regression # 6 shows the results of a multivariate GLM analysis
with MCV and Hct as dependent variables and O & NS, antioxidant and
immune biomarkers as explanatory variables. Mean ( = SD) values in
the pregnant women were: MCV: 79.5 + 8.5 fl and Htc: 34.33 + 2.78%
(n=44). Tests for between-subject effects showed that CRP was posi-
tively associated with Het and LOOH positively with MCV.

3.5. Associations among O & NS biomarkers and physio-somatic and
postpartum symptoms

Table 5 shows the results of stepwise multiple regression analyses
with T1 physio-somatic symptoms and T2 rating scales as dependent
variables. We found that 35.0% of the variance in T1 PC physio-somatic
symptoms (regression #1) was explained by zOX/ANTIOX (positively),
LOOH and -SH groups (both negatively). After introducing the in-
flammatory biomarkers in the analysis (regression #2), we found that
48.7% of the variance in PC physio-somatic symptoms was explained by
CRP (positively), zinc and PON1 total activity (both negatively). Re-
gressions 3-5 show that 20.6% of the variance in T2 HDRS was ex-
plained by the regression on zAOPP+NOx (positively) and LOOH
(negatively), while ZAOPP + NOx explained 14.7% of the variance in T2
BDI (positive association) and 38.0% of the variance in STAI score
(inversely).

Table 5 shows also the results of stepwise multiple regression ana-
lyses with T1 zIgA KYN/TRY ratio as dependent variable. The zIgA KYN/
TRY ratio (regressions #6-8) was significantly predicted by zAOPP
+NOx (24.3% of the variance), AOPP alone (20.7%) or NOx and CRP
(21.1%).

3.6. Associations among O & NS and mother and baby characteristics

The mean (VSD) values of obstetrical and demographical data in
pregnant women included in this study are as follows, number of prior
pregnancies: 1.9 (V1.0; range: 1-5), gestational age at birth: 38.8 (V1.3)
weeks, duration labor: 420 (V317) minutes, placenta weight: 642
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Table 2
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Results of multivariate GLM analyses with the 7 oxidative and nitrosative stress and antioxidant biomarkers as dependent variables and pregnancy, clinical depression diagnoses, age and

PON1 genotypes as explanatory variables.

Tests Dependent Variables Explanatory variables F Df P Partial Eta Squared
Multivariate 7 biomarkers and Pregnancy 19.93 7 /61 < 0.001 0.696
zAOPP +NOx and RR Genotype 8.62 7 /61 < 0.001 0.497
zTRAP + CMPAase and Lifetime MDD 0.95 7 /61 0.474 0.098
zOX/ANTIOX Antenatal depression 0.62 7 /61 0.739 0.066
Age 2.14 7 /61 0.053 0.197
Between-subject effects AOPP Pregnancy 86.45 1/67 < 0.001 0.563
LOOH Pregnancy 8.72 1/67 0.004 0.115
NOx Pregnancy 36.95 1/67 < 0.001 0.355
TRAP Pregnancy 4.75 1/67 0.033 0.066
-SH groups Pregnancy 18.37 1/67 < 0.001 0.215
PONT1 total activity RR Genotype 14.53 1/67 < 0.001 0.178
zAOPP + NOx Pregnancy 89.89 1/67 < 0.001 0.573
ZTRAP + CMPAase Pregnancy 6.44 1/67 0.013 0.088
zOX/ANTIOX Pregnancy 57.86 1/67 < 0.001 0.463

AOPP: Advanced oxidation protein products; LOOH: Hydroperoxide; NOx: Nitric oxide metabolites; TRAP: Total radical trapping potential.
-SH groups: -Sulfhydryl groups; PON1 total activity: paraoxonase 1 total activity determined using phenylacetate as substrate; CMPAase: PON1 activity determined using CMPA (4-

(chloromethyl)phenyl acetate) as substrate.

ZAOPP +NOx: sum of z values of AOPP and NOx.

ZTRAP + CMPAase: sum of z values of TRAP + CMPAase.
zOX/ANTIOX: zAOPP +NOx - zZTRAP + CMPAase.

(V122) g, cord length: 50.1 (V12.6) cm, education: 14.1 (V4.1) years
and income 77.164 (V12331) baht / month. Fifty-three % of women
were married. Hyperpigmentation was detected in 19 pregnant women,
while caesarian section was performed on 23 women and 17 women
had inadequate breast milk flow the first week after delivery. Baby
characteristics are as follows, baby weight: 2.98 (V0.45) kg, baby
length: 48.9 (V1.9) cm, Apgar score (5 min): 9.9 (V0.3, range: 9-10)
and duration of baby awakenings during first 4 weeks after delivery:
30.9 (V29.2) minutes. Ten babies showed sucking problems the first
week after delivery. Table 5 (regressions 9-11) shows the results of
stepwise multiple regression analyses with duration of labor, placenta
weight and baby awakenings as dependent variables and O & NS and
antioxidant biomarkers as explanatory variables. 24.1% of the variance
in labor duration (regression #9) was explained by the regression on
PON1 total activity and CRP (both negatively). Up to 33.1% of the
variance in cord length (regression #10) was associated with AOPP
(negatively) and PON1 (positively), while 42.7% of the variance in
duration of baby awakenings (regression #11) was associated with
PON1 total activity and RR genotype (both inversely).

Table 6 shows the results of automatic stepwise binary logistic

Table 3

regression analyses with mother and baby characteristics as dependent
variables and the O & NS and antioxidant biomarkers as explanatory
variables. T1 hyperpigmentation was significantly (X?>=10.86, df=2,
p=0.004, Nagelkerke=0.199) associated with LOOH and -SH groups
(both inversely). Increased AOPP significantly predicted caesarian
section (X?=9.51, df=1, p=0.007, Nagelkerke =0.194). Lowered -SH
groups and TRAP values at the end of term predict inadequate breast
milk flow the first week after delivery (X2=14.30, df=2, p=0.001,
Nagelkerke=0.301). Lowered PON1 activity at the end of term sig-
nificantly predicts baby sucking problems the first week after delivery
(X%2=6.16, df=1, p=0.013, Nagelkerke =0.143).

4. Discussion

The first major finding of this study is that pregnancy is accom-
panied by highly significant changes in O & NS as indicated by in-
creased AOPP and NOx and lowered TRAP and -SH levels findings,
which are in agreement with previous reports (Choi et al., 2002; De
Lucca et al., 2016; Fialova et al., 2003; Kalousova et al., 2002; Salas-
Pacheco et al., 2016). In normal pregnancy, there is an increase in

Results of multivariate GLM analyses with the depression and anxiety rating scales at T1 as dependent variables and oxidative and nitrosative stress and antioxidant biomarkers ad

explanatory variables.

Tests Dependent Variables Explanatory Variables F df P Partial Eta Squared
Multivariate #1 T1 EPDS, STAI BDI and HDRS AOPP 12.27 4/ 65 < 0.001 0.430
Lifetime MDD 4.52 4/ 65 0.003 0.218
Between-subject effects T1 EPDS AOPP (+) 4.15 1/68 0.045 0.058
Lifetime MDD (+) 12.35 1/68 0.001 0.154
T1 STAI state AOPP (-) 8.86 1/68 0.004 0.115
Lifetime MDD (+) 10.01 1/68 0.002 0.128
T1 BDI AOPP (+) 14.48 1/68 < 0.001 0.176
Lifetime MDD (+) 11.79 1/68 0.001 0.148
T1 HDRS AOPP (+) 6.60 1/68 0.012 0.088
Lifetime MDD (+) 17.36 1/68 < 0.001 0.203
Multivariate #2 T1 EPDS, STAIL BDI and HDRS NOx 4.63 4 /65 0.002 0.222
Lifetime MDD 4.66 4/ 65 0.002 0.223
Multivariate #3 T1 EPDS, STAIL BDI and HDRS LOOH 3.02 4 /65 0.024 0.157
Lifetime MDD 4.28 4 /65 0.004 0.208
Multivariate #4 T1 EPDS, STAI, BDI and HDRS -SH groups 2.86 4/ 65 0.029 0.151
Lifetime MDD 4.25 4/ 65 0.004 0.207

EPDS: Edinburgh Postnatal Depression Scale; STAI: Spielberger's State-Trait Anxiety Inventory; HDRS: The Hamilton Rating Scale for Depression; BDI: Beck Depression Inventory.
AOPP: Advanced oxidation protein products; MDD: Major Depressive Disorder; NOx: Nitric oxide metabolites; LOOH: Lipid hydroperoxide; -SH groups: Sulfhydryl groups.
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Table 4
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Results of multivariate GLM analyses with the immune-inflammatory or oxidative stress or erythron biomarkers at T1 as dependent variables and oxidative and nitrosative stress and/or

antioxidant biomarkers ad explanatory variables.

Tests Dependent Variables Explanatory Variables F df P Partial Eta Squared
Multivariate #1 CRP, Hp and Zinc -SH groups 4.51 3/66 0.006 0.170
NOx 10.54 3/ 66 < 0.001 0.324
Between-subject effects CRP -SH groups (-) 12.20 1/68 0.001 0.152
NOx (+) 6.56 1/68 0.013 0.088
Hp NOx (+) 7.81 1/68 0.007 0.103
Zinc NOx (-) 21.23 1/68 < 0.001 0.238
Multivariate #2 CRP, Hp and Zinc -SH groups 3.89 3/ 66 0.013 0.150
AOPP 7.25 3/66 < 0.001 0.248
Between-subject effects CRP -SH groups (-) 11.55 1/68 0.001 0.145
AOPP (+) 12.02 1/68 0.001 0.150
Zinc AOPP (-) 13.27 1/68 0.001 0.163
Multivariate #3 AOPP, NOx, LOOH and zAOPP + NOx -SH groups 7.47 3/67 < 0.001 0.251
Between-subject effects AOPP -SH groups (-) 20.15 1/69 < 0.001 0.226
NOx -SH groups (-) 14.13 1/69 < 0.001 0.170
zAOPP +NOx -SH groups (-) 16.09 1/69 < 0.001 0.189
Multivariate #4 AOPP, NOx, LOOH and zAOPP +NOx TRAP (-) 5.71 3/67 0.002 0.204
Between-subject effects AOPP TRAP (-) 17.00 1/69 < 0.001 0.198
NOx TRAP (-) 12.44 1/69 0.001 0.153
zAOPP +NOx TRAP (-) 13.26 1/69 0.001 0.161
Multivariate #5 AOPP, NOx, LOOH and zAOPP + NOx Zinc 14.12 3/67 < 0.001 0.387
Between-subject effects AOPP Zinc (-) 32.03 1/69 < 0.001 0.317
NOx Zinc (-) 18.87 1/69 < 0.001 0.216
LOOH Zinc (+) 28.34 1/69 < 0.001 0.290
zZAOPP +NOx Zinc (-) 12.18 1/69 0.001 0.150
Multivariate #6 MCV and Hct LOOH 5.85 2/39 0.006 0.231
CRP 5.86 1/39 0.006 0.231
Between-subject effects Hct CRP (+) 11.82 1/40 0.001 0.228
MCV LOOH (+) 11.95 1/40 0.001 0.230

CRP: c-reactive protein.

Hp: Haptoglobin.

AOPP: Advanced oxidation protein products.
NOx: Nitric oxide metabolites.

LOOH: Hydroperoxide.

zAOPP +NOx: sum of z values of AOPP and NOx.
MCV: Mean corpuscular volume.

Hct: Hematocrit.

-SH groups: Sulfhydryl groups.

reactive oxygen species (ROS) production, due to formation of new
tissues, coupled with compensatory elevations in antioxidant defenses
(Pereira and Martel, 2014). There are a few papers showing that
pregnancy is accompanied by increased AOPP levels, suggesting in-
creased protein oxidation (Fialova et al., 2003, 2006). In contrast to our
a priori hypothesis of activated O & NS in pregnancy, we found lowered
LOOH levels in pregnancy. Nevertheless, lowered LOOH levels may be a
consequence of increased production of AOPP during pregnancy.
AOPPs may inhibit free radical production in vitro (Bordignon et al.,
2014), while peroxides are used for oxidation of proteins leading to
elevated production of AOPP (Colombo et al., 2015; Piwowar, 2010).
Lowered peroxide levels may have an evolutionary advantage, but may
come at a price when AOPP levels further increase eventually leading to
RAGE receptor (Piwowar, 2010) and NF-6B (Wang et al., 2013) acti-
vation, and subsequently increased inflammation with elevated IL-6
and COX-2 levels (Piwowar, 2010; Wang et al., 2013).

Increased NOx levels are associated with increased nitrosylation of
proteins, which is, when moderate, a protective mechanism (Morris
et al.,, 2016b). Nitrosylation, resulting in increased S-nitrosothiols
(SNO), regulates immune and neuronal systems and has antimicrobial
and smooth muscle relaxant activities, including on uterine smooth
muscles (Morris et al., 2016b; Ulrich et al., 2012). In sheep, pregnancy
increases total S-nitrosylation, but decreases S-nitrosylation of en-
dothelial NO synthesizing system (Zhang et al., 2012). Hyperni-
trosylation, on the other hand, may cause neuro-immune disturbances
and neuronal dysfunctions, including neuroprogression and neurode-
generation (Morris et al., 2016b).

Lowered -SH groups in pregnancy may indicate less reductive
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capacity. Our findings that increased AOPP and NOx levels are in-
versely associated with —SH levels may be explained by the knowledge
that during oxidative processes NO is bound to -SH groups thereby
forming RSNO (Gaston, 1999). Lowered TRAP levels at the end of
pregnancy indicate lowered antioxidant defenses. TRAP is an anti-
oxidant parameter reflecting the sum of hydrophilic, e.g. uric acid, vi-
tamin C and bilirubin, and hydrophobic, e.g. vitamin E, antioxidants
(Oxford Biomedical Research, 2010). Importantly, we found that low-
ered levels of TRAP and zinc, another strong antioxidant which is de-
creased in pregnancy (Mihu et al., 2012; Roomruangwong et al.,
2016c¢), are strongly associated with increased O & NS, AOPP and NOx
formation, suggesting that lowered antioxidant defenses during preg-
nancy could further aggravate O & NS. For example, vitamin C, one of
the components of TRAP, reduces reactive oxygen and nitrogen species
(Noyan et al., 2006), thereby attenuating oxidative stress and normal-
izing AOPP levels (Mahfouz and Kummerow, 2004). Contrary to our a
priori hypothesis we could not find a significant decrease in PON1 ac-
tivities in pregnant women. Previous studies reported on lowered PON1
activities in complicated pregnancies, including pregnant women with
gestational diabetes (Li et al., 2016), obesity, increased BMI or smoking
(Ardali¢ et al., 2014; Ferretti et al., 2014; Maes et al., 2012). In our
study, however, most pregnant women had uncomplicated pregnancies,
did not smoke and had normal BMI.

The second major finding of our study is that AOPP and NOx pro-
duction are associated with prenatal depressive symptoms and that
O & NS indexes predict postnatal depressive symptoms. These findings
extend previous reports on increased AOPP in subgroups of depressed
patients (Vargas et al., 2013a), and increased iNOS production (Gatecki
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Table 5
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Results of automatic stepwise regression analyses: prediction of end of term physio-somatic symptoms, postnatal depression and anxiety symptoms, TRYCAT pathway activity and mother

and baby characteristics as dependent variables and oxidative stress biomarkers as explanatory variables.

Dependent variables Explanatory variables t P Model
R? F df P

#1. T1 PC physio-somatic symptoms zOX/ANTIOX +3.04 0.003 0.350 12.38 3/69 < 0.001
LOOH —2.38 0.020
-SH groups -2.10 0.039

#2. T1 PC Physio-somatic symptoms PON1 total activity -2.17 0.034 0.487 21.17 3/67 < 0.001
CRP +3.01 0.004
Zinc —4.92 < 0.001

#3. T2 HDRS zAOPP +NOx +2.38 0.021 0.206 7.80 2 /60 0.001
LOOH -2.19 0.033

#4. T2 BDI zOX/ANTIOX +3.47 0.001 0.147 12.05 1/70 0.001

#5. T2 STAI state zOX/ANTIOX -6.17 < 0.001 0.380 38.00 1/62 < 0.001

#6. 2 IgA Kyn-TRY zAOPP +NOx —-4.70 < 0.001 0.243 2211 1/69 < 0.001

#7. 2 IgA Kyn-TRY AOPP —4.25 < 0.001 0.207 18.02 1/69 < 0.001

#8. 2 IgA Kyn-TRY NOx —2.56 0.013 0.211 10.37 2/68 < 0.001
CRP -2.21 0.031

#9. Duration labor PON1 total activity —2.56 0.015 0.241 6.04 2/38 0.005
CRP —2.51 0.017

#10. Cord length AOPP —3.58 0.001 0.331 9.41 2/38 < 0.001
PON1 total activity +2.63 0.012

#11. Duration baby awake first 4 weeks after delivery PON1 total activity —4.97 < 0.001 0.427 13.77 2/37 < 0.001
RR genotype —-3.21 0.001

T2 HDRS: The Hamilton Rating Scale for Depression at T2 (48-72 h after delivery).
T2 BDI: Beck Depression Inventory at T2 (48-72 h after delivery).

T2 STAL Spielberger's State-Trait Anxiety Inventory at T2 (48-72 h after delivery).
IgA KYN/TRY: IgA directed to kynurenine — IgA directed to tryptophan.

AOPP: Advanced oxidation protein products; LOOH: Hydroperoxide; NOx: Nitric oxide metabolites; TRAP: Total radical trapping potential; -SH groups: -Sulfhydryl groups; PON1 total
activity: paraoxonase 1 total activity determined using phenylacetate as substrate; CMPAase: PON1 activity determined using CMPA (4-(chloromethyl)phenyl acetate) as substrate.
zAOPP +NOx: sum of z values of AOPP and NOx; zZTRAP + CMPAase: sum of z values of TRAP + CMPAase; ZOX/ANTIOX: zAOPP + NOx/ zTRAP + CMPAase.

CRP: c-reactive protein.
RR genotype: RR genotype of paroxonase 1 enzyme.

et al., 2012) and autoimmune responses to NO-adducts (reflecting hy-
pernitrosylation) in major depression (Maes et al., 2012). The inverse
association between lowered levels of —SH groups and prenatal de-
pressive symptoms (especially BDI) extend previous findings on -SH
groups in patients with post-stroke depression (Cichon et al., 2015) and
may be explained by increased use of —SH groups for SNO synthesis.
Also, the inverse association between peroxides and depressive symp-
toms may be explained by increased use of peroxides during AOPP
synthesis and inhibition of peroxides by AOPP (Bordignon et al., 2014;
Piwowar, 2010). These findings differ from the ones observed in non-
pregnancy-related major depression, which is accompanied by in-
creased peroxide levels (Maes et al., 2010). Therefore, protein oxidation
rather than lipid peroxidation could be more consistently associated
with perinatal depression.

In contrast to our a priori hypotheses we could not detect that

Table 6

lowered levels of TRAP and PON1 activity are inversely associated with
perinatal depressive symptoms. Previous studies (Chang et al., 2015)
found lowered TRAP levels in depression and an inverse correlation
between TRAP and HDRS score, and lowered TRAP levels in individuals
with a history of suicide attempts (Vargas et al., 2013b). Previous
studies reported that PON1 serum activity may be lowered (Bortolasci
et al., 2014) or not (Kodydkova et al., 2009) in major depression.
Interestingly, while some O & NS biomarkers, namely AOPP and
NOx, are positively correlated with perinatal depression scores, they are
negatively related to anxiety especially to postnatal anxiety scores. It
may be that, in the perinatal period, depression and anxiety symptoms
are regulated in a different way. For example, NO plays a key role in
stress regulation (Morris et al., 2016a), while NO and NOS enzymes are
found in brain regions which are involved in anxiety, including hy-
pothalamus, amygdala, and hippocampus (Toda et al., 2009). Acute

Results of automatic stepwise binary logistic regression analysis with mother and baby characteristics as dependent variables and oxidative and nitrosative stress and antioxidant

biomarkers as explanatory variables.

Number Dependent variables Explanatory variables Wald df P OR 95% CI
#1 T1 Hyperpigmentation -SH groups 4.43 1 0.035 0.31 0.11-0.92
LOOH 7.33 1 0.007 0.21 0.07-0.65
#2 Caesarean section AOPP 7.18 1 0.007 4.42 1.49-13.10
#3 Inadequate breast milk flow first week after delivery -SH groups 4.91 1 0.027 0.26 0.08-0.86
TRAP 6.86 1 0.009 0.45 0.29-0.82
#4 Baby sucking problem first week after delivery PONT1 total activity 4.64 1 0.031 0.41 0.19-0.92

OR: Odds ratio.

95% CI: 95% confidence intervals, upper and lower limit.
LOOH: Lipid hydroperoxides.

TRAP: Total radical trapping potential.

-SH groups: Sulfhydryl groups.

AOPP: Advanced oxidation protein products.

PON1 total activity: paraoxonase 1 total activity determined using phenylacetate as substrate.
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restraint stress exposure (a model of anxiogenesis) is associated with
lowered NOx production, whereas these effects are not detected in
chronic restraint stress exposure (a model of depression) (Morris et al.,
2016a).

The third major finding of this study is that physio-somatic symp-
toms at the end of term are strongly related to O & NS, increased AOPP
and NOx and to lower -SH and LOOH levels and after considering the
effects of zinc (negative association) and CRP (positive association) also
with lower PON1 total activity. Previously it was shown that physio-
somatic symptoms in depression and chronic fatigue syndrome (CFS), a
neuro-immune disorder characterized by physio-somatic symptoms
(Maes, 2009a; Maes and Twisk, 2010), are associated with O & NS and
lowered antioxidant levels (Morris et al., 2016a; Morris and Maes,
2013). For example, in CFS IgM responses to oxidative specific epitopes
(reflecting lipid peroxidation and oxidative damage to membranes) and
NO-adducts (reflecting hypernitrosylation) and antioxidants were as-
sociated with fatigue, muscular tension and neurocognitive deficits
(Maes, 2009b).

The fourth major finding of this study is that NOx, AOPP and CRP
levels are inversely related with TRYCAT pathway activation thereby
explaining a lowered kynurenine / tryptophan ratio at the end of term.
These inverse associations may indicate negative regulatory effects of
NO on IDO activation (Hucke et al., 2004), regulatory effects of ni-
trosylation attenuating inflammatory responses (Lim et al., 2011), de-
creased availability of peroxides, which are used for AOPP production
(Buonocore et al., 2000), and the anti-inflammatory effects of CRP
(Mold and Clos, 2013; Ridker and Liischer, 2014).

The fifth major finding of this study is that signs of O & NS and
lowered antioxidant defenses are associated with obstetric complica-
tions. A) Erythron variables at the end of term are associated with
immune and oxidative stress markers, namely Het with CRP and MCV
with LOOH. During pregnancy, the erythrocyte production rate is in-
creased with younger erythrocytes, which are larger in diameter than
old erythrocytes, entering the circulation thereby increasing MCV
(Lurie and Mamet, 2000). Oxidative stress may decrease new ery-
throcyte production leaving older red cells in the circulation, thereby
decreasing MCV (Lurie and Mamet, 2000). B) Hyperpigmentation at the
end of term is inversely associated with —SH groups and LOOH. Inter-
estingly, patients with melasma have increased oxidative stress com-
pared with controls (Seckin et al., 2014), while increased NO elicits
activation of tyrosinase (Roméro-Graillet et al., 1996), which is re-
sponsible for melanin synthesis in melanocytes, leading to skin hy-
perpigmentation (Novellino et al., 1998). C) Duration of labor is in-
versely correlated with PON1 total activity and CRP. There is evidence
that placental membranes promote labor and delivery of both fetus and
placenta (Menon, 2016). Indeed, placental membrane cells enter se-
nescence prior to labor (Behnia et al., 2015) and this may increase in-
trauterine inflammation promoting delivery (Menon et al., 2016).
PON1 has anti-inflammatory properties (Escribano et al., 2015; Furlong
et al., 2016), while CRP has both pro- and anti-inflammatory properties
(Thiele et al., 2014) and thus changing levels of these compounds could
interfere with mechanisms leading to labor. D) Caesarean section was
strongly predicted by increased AOPP levels. Previous reports did not
find significant differences in lipid peroxidation, thiol molecules (sulf-
hydryl) and total antioxidant power between women with vaginal de-
livery and caesarian delivery (Vakilian et al., 2009). Interestingly,
neonates born via Caesarean delivery are predisposed to pathological
conditions related to changes in antioxidant levels (Nejad et al., 2016),
while increased oxidative stress in neonates contributes to chronic lung
disease and neonatal respiratory distress syndrome (Tsukahara et al.,
2004). Future research should examine the relationship between in-
creased protein oxidation at the end of term and fetal distress syn-
drome, characterized by increased reactive oxygen species and lower
catalase activity as a consequence of fetal hypoxia (Raicevi¢ et al.,
2010). Indeed the latter is an indication to Caesarean section. E) There
was an inverse association between lowered -SH groups and TRAP at
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the end of term and inadequate breast milk flow one week after de-
livery. Milk flow depends on both milk production and lactation
whereby prolactin and oxytocin play key roles (Hill et al., 1999). There
is a negative correlation between maternal post-caesarean section oxi-
dative stress indices and serum oxytocin (Stani¢ et al., 2016; Yuksel
et al., 2016). Thus, mothers with increased O & NS, and by inference
lowered antioxidant levels, may have decreased levels of oxytocin
leading to lower breast milk flow. F) Cord length was inversely asso-
ciated with AOPP but positively with PON1. Such findings may be ex-
plained by oxidative effects on newly formed tissues. G) Lowered PON1
activity at the end of term predicts duration of baby awakenings at
night and feeding problems, suggesting that increased O & NS or in-
flammation as a consequence of decreased PON1 may increase risk
towards behavioral problems (sleep and feeding) in neonates.

This paper has some limitations and strengths. A potential limitation
is that, this study is a cross-sectional study and thus no inferences can
be made on causality, which should be considered when interpreting
the results. A second limitation is that it would have been more inter-
esting if we had determined another marker of lipid peroxidation, such
as malondialdehyde, to examine the effects of protein versus lipid
peroxidation. A strength is that we employed multivariate GLM ana-
lyses and controlled our data for confounding variables, including age
and BMI.
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