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Abstract

Background: A known relationship exists between oxidative stress and preterm birth (PTB).
However, few studies have measured oxidative stress prospectively in early or midpregnancy, and
no studies have used electron paramagnetic resonance (EPR) spectroscopy prospectively to predict
PTB.

Objective: The purpose of this study was to identify predictive relationships between
antioxidants and reactive oxygen species (ROS), specifically, superoxide (O ~), peroxynitrite
(OONO"), and hydroxyl radical (®OH), using EPR spectroscopy, measured between 12 and 20
weeks of gestation and compare with the incidence of PTB.

Methods: Blood was obtained from pregnant women (77 = 140) recruited from a tertiary perinatal
center. Whole blood was analyzed directly for ROS, 05 ~, OONO~, and ®OH using EPR

spectroscopy. Red blood cell lysate was used to measure antioxidants. PTB was defined as
parturition at <37 weeks of gestation.

Results: No differences were found between ROS, 05 ~, OONO~, or ®OH with the incidence
of PTB. Catalase activity, glutathione, and reduced/oxidized glutathione ratio were significantly
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lower with PTB. Logistic regression suggests decreased catalase activity in pregnant women is
associated with increased odds of delivering prematurely.

Discussion: We prospectively compared antioxidants and specific ROS using EPR spectroscopy
in pregnant women between 12 and 20 weeks of gestation with the incidence of PTB. Results

are minimal but do suggest that antioxidants—specifically decreased catalase activity—in early
pregnhancy may be associated with PTB; however, these findings should be cautiously interpreted
and may not have clinical significance.
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The economic burden of preterm birth (PTB) resulting from acute and chronic perinatal
complications has prioritized PTB as a public health problem. Although this biopsychosocial
phenomenon has been extensively studied, the pathophysiology of PTB remains unclear.
Experts speculate the role of oxidative stress in the etiology of PTB. Oxidative stress is

often defined as an imbalance between reactive oxygen species (ROS) and antioxidants
resulting in conditions such as apoptosis from lipid peroxidation, protein alterations,
irreversible cellular damage, and DNA oxidation (Burton & Jauniaux, 2011; Schieber &
Chandel, 2014). However, oxidative stress also involves a disruption of redox-dependent
signaling that contributes to the pathogenesis of disease (Jones, 2008). One of the most

prominent endogenous ROS is superoxide (O ~), a one-electron reduction of molecular

oxygen generated from leakage of electrons along the mitochondria electron transport

chain and from enzymes that deliberately transfer an electron from an electron donor (i.e.,
nicotinamide adenine dinucleotide phosphate or NADPH) to oxygen (Burton & Jauniaux,
2011). Antioxidants help achieve redox homeostasis by directly scavenging ROS and/or
repairing damage induced by ROS. Common endogenous antioxidants include cellular
enzymes (e.g., superoxide dismutase [SOD], catalase [CAT]) and small molecule thiols (e.g.,
glutathione).

Excessive ROS may be damaging, but an unstable and dysregulated redox environment is
also believed to disrupt cell signaling and control pathways causing further physiological
dysregulation (Jones, 2008). For example, hydrogen peroxide (H,05) is an ROS that, in
excess, can be damaging when chemically reacting with metal ions. CAT is one of the
catalytic enzymes that breaks down H,0, to maintain redox homeostasis. In a homeostatic
redox environment, H,O5 is also important for signaling and activation of specific biological
responses, such as cellular migration, differentiation, proliferation, and apoptosis (Veal,
Day, & Morgan, 2007). Disruption of signal transduction is believed to interfere with

these biological processes causing further dysregulation and damage to cellular processes
associated with pathophysiological conditions.

Previous perinatal researchers have operationally defined oxidative stress by measuring
antioxidant levels in various specimen sources (e.g., vaginal wash fluid, cord blood, and
maternal blood) and/or quantifying damage caused from oxidative stress as discussed in a
recent integrative review (Moore, Ahmad, & Zimmerman, 2018). Defining oxidative stress
by the presence of a biomarker (e.g., isoprostane, hydroxydeoxyguanasine, total oxidant
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status) can be limited as the biomarker may or may not be causal to the pathophysiological
condition, thus inhibiting the interpretation and consequently the development of therapeutic
interventions (Frijhoff et al., 2015). Synthesized results of these measures are inconclusive
for PTB because of inconsistent findings and variation in measurements and specimen
sources (Moore et al., 2018). Notably, the gold standard for measuring specific ROS in
biological samples is electron paramagnetic resonance (EPR) spectroscopy (Hawkins &
Davies, 2014), which provides more specific data and quantification of ROS associated with
a certain phenotype—in this case, PTB. Moreover, the existing data on associations between
oxidative stress and PTB have been primarily retrospectively measured during labor, in cord
blood at birth, or in the neonate (Moore et al., 2018).

Few studies have measured oxidative stress (i.e., levels of ROS and antioxidants)
prospectively in early or midpregnancy, and no studies have used EPR spectroscopy
prospectively to predict PTB (Moore et al., 2018; Polettini et al., 2017; Wei, Fraser, & Luo,
2010). The theoretical framework for this study is derived from McEwen’s allostatic load
(McEwen, 1998), suggesting that physiological dysregulation in pregnant women increases
the risk of PTB. The purpose of this secondary aim was to identify predictive relationships
between oxidative stress measured between 12 and 20 weeks of gestation with PTB. The
primary objectives were to identify differences and predictive relationships between specific
ROS and antioxidants measured in pregnant women between 12 and 20 weeks of gestation
with the incidence of term birth (TB) versus PTB.

METHODS

Human subjects’ approval was received from the institutional review board of the primary
author’s university. A prospective, longitudinal design was used; a convenience sample of
140 pregnant women from a Midwest tertiary perinatal center were enrolled. Inclusion
criteria included <20 weeks of gestation and the intention to deliver at the onsite labor
and delivery unit. Exclusion criteria was known congenital anomalies of the fetus at time
of consent. Pregnant women between 12 and 20 weeks of gestation were consecutively
recruited from a maternal-fetal medicine clinic (7= 70) and a general obstetrics clinic (n
= 70) within the same facility. After participants gave informed, written consent, blood
samples were obtained.

Measurements

Maternal blood was collected between 12 and 20 weeks of gestation. ROS were measured
in whole blood using EPR spectroscopy, as previously described (Ahmad, Temme,
Abdalla, & Zimmerman, 2016; Moore et al., 2019). Briefly, within 30 minutes of blood
collection, a superoxide-sensitive EPR spin probe, 1-hydroxy-3-methoxycarbonyl-2,2,5,5-
tetramethylpyrrolidine (CMH), was added to whole blood in separate wells of a 24-well
culture plate. Samples were incubated with CMH for 30 minutes at 37°C, frozen in liquid
nitrogen, and placed into a liquid nitrogen-filled finger dewar, which was then inserted
into a Bruker eScan EPR spectrometer (Bruker BioSpin GmbH, Rheinstetten/Karlsruhe,
Germany). Superoxide-mediated oxidation of the CMH results in the formation of a stable
nitroxide radical (CM") that can be detected by EPR spectroscopy. The amplitude of the
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EPR spectrum that is generated by the stable nitroxide is directly proportional to the
concentration of the free radical with which it reacted (Dikalov, Griendling, & Harrison,
2007). To determine the specific levels of ROS in the collected blood samples, one well of
the 24-well plate included CMH alone (ROS), one well included CMH + SOD protein to

primarily identify the presence of superoxide (0 ~), one well included CMH + uric acid

to primarily identify the presence of peroxynitrite (OONQO™), and one well included CMH

+ dimethylthiourea (DMTU) to primarily identify the presence of hydroxyl radical (®OH).
To interpret the EPR results for the wells with added scavengers, a decrease in the EPR
spectrum amplitude in samples containing SOD, uric acid, or DMTU, as illustrated in Figure
1, strongly indicates 0 ~, OONO™, or ®OH (respectively) was present in the sample. The

amplitude of the spectrum is expressed as EPR arbitrary units.

The remaining blood was centrifuged to separate plasma from cellular components, divided
into aliquots, frozen, and stored in a —80°C freezer for batch processing. The red blood cell
pellet was lysed and used to measure CAT activity using the OxiSelect Catalase Activity
Assay Kit (Cell Biolabs, Inc., San Diego, CA), SOD activity using SOD Assay Kit-WST
(DOJINDQ, Inc., Rockville, MD), and reduced and oxidized glutathione (GSH and GSSG,
respectively) using the GSSG/GSH Quantification kit (DOJINDO, Inc., Rockville, MD). All
assays were performed using the manufacturer’s instructions.

Statistical Analyses

Medians and interquartile ranges were calculated separately for women with TB versus
PTB. Differences between TB and PTB were studied using Mann-Whitney {tests because
the data were not normally distributed. A Bonferroni correction was used to account for
multiple testing; thus, statistical significance was identified as a p < .005. A multivariable
logistic regression model predicting TB/PTB was completed using the log of 05 ~,

OONO-, ®OH, CAT, SOD, and GSH/GSSG; GSH, GSSG, and CMH were not included
due to the multicollinearity with GSH/GSSG and the other ROS scavengers (SOD, uric acid,
or DMTU), respectively. The data were log-transformed to account for skewed data in the
regression model. SPSS v25 (SPSS Inc., Chicago, IL) was used for analyses.

RESULTS

Pregnant women (V= 140) were consecutively recruited from a Midwest tertiary perinatal
center between August 2014 and October 2016. Most of the participants were White (67%)
and non-Hispanic (88%) and had private insurance (53%). The mean maternal age was
28.8 years (range: 18-42 years). Twenty-eight of the pregnant women had some type of
diabetes mellitus: Type | (7=15), Type Il (7= 6), and gestational diabetes (n=17).
Seventeen of the pregnant women were diagnosed with preeclampsia. Sixty-four of the
women had scheduled inductions, and the majority were vaginal deliveries (7= 93). Of
these demographic variables, diabetes mellitus status and preeclampsia were significantly
associated with PTB (p=.013 and p < .001, respectively). Table 1 shows differences

in maternal oxidative stress measurements between 12 and 20 weeks of gestation for the
women with an outcome of TB (n=106) and PTB (n7= 24). Missing data were due

to miscarriages, withdrawals, transfer of care to another birth center, and limited sample
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volumes. As noted in Table 1, no significant differences in the EPR amplitude from blood
samples containing ROS, 0 ~, ONOO™, and ®OH in TB compared to PTB were found.

CAT activity (p<.001), GSH (p < .001), and GSH/GSSG (p=.004) were lower in PTB
compared to TB.

Table 2 describes the adjusted odds ratios for the biomarker variables in the logistic
regression model predicting PTB. Although trends were noted, only CAT was statistically
significant in the model. Specifically, after adjusting for the other biomarkers in the
model, a one-unit decrease in the log of CAT activity measured at 12-20 weeks of
gestation in pregnant women is associated with an increased adjusted odds (AOR = .271,
95% Cls [.104, .703], p=.007) of delivering prematurely. Because diabetes status and
preeclampsia are confounding variables in PTB, a separate regression model predicting
PTB that included diabetes status, preeclampsia, and the log of CAT was analyzed; CAT
maintained significance (AOR = .353, 95% Cls [.159, .783], p=.01).

DISCUSSION

We measured whole-blood levels of ROS, 05 ~, ONOO~, ®OH, circulating cellular

enzymatic activity of specific endogenous antioxidants (i.e., CAT and SOD), and small
molecule antioxidants (i.e., GSH and GSSG) from pregnant women between 12 and 20

weeks of gestation. No significant differences between ROS, 05 ~, ONOO~, or ®OH

amplitudes measured using EPR spectroscopy were found between TB and PTB. Levels of
antioxidants differed for women who had TB compared to women with PTB. Specifically,
levels of CAT activity, GSH, and GSH/GSSG were lower in PTB in the univariate analysis.
After adjusting for multiple variables in a logistic regression, only CAT activity was
significantly associated with a small change in the odds of PTB.

We did not find previous literature on studies that have used EPR spectroscopy prospectively
to measure ROS, 0 ~, ONOO™, or ®OH in early pregnancy and compare with the

incidence of PTB. Previous research is conflicting with CAT activity and PTB. For example,
differences in CAT activity measured in maternal blood at birth and cord blood were not
identified in previous studies (Abiaka & Machado, 2012; L&zér, Orvos, Sz6l16si, & Varga,
2015; Soyding et al., 2012, 2013). Our results do support a study authored by Soydinc et al.
(2013) in which decreased CAT activity in vaginal wash fluid was associated with PTB.

Considering CAT directly scavenges HoO», one possible interpretation of our data is that
PTB may involve excessive levels of H,O,. Although H,05 is important in redox regulation
and signaling, an abundance in the redox environment disrupts cell signaling and control
contributing to further pathophysiological damage from an unstable redox environment
(Sies, 2017). Unfortunately, we did not measure H,O, levels in our samples as the CMH
spin probe used in our study reacts very poorly with HoO,. Nevertheless, our EPR results

in the regression model do suggest higher levels of ®OH (CMH + DMTU), which may

be a result of elevated H,O5 reacting with iron (i.e., Fenton chemistry). That said, these
interpretations must be considered highly speculative and cautious conclusions that require
additional studies to be confirmed.

Nurs Res. Author manuscript; available in PMC 2022 January 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moore et al.

Limitations

Page 6

Another potential pathophysiological mechanism based on our data would be the redox
potential of GSH/GSSG. In our univariate statistics, the GSH and GSH/GSSG levels were
significantly lower in PTB. Under normal conditions, the reduced form of glutathione, or
GSH, is more prevalent than the oxidized form, GSSG. Lower GSH and GSH/GSSG levels
in our study suggests the redox environment in pregnant women who deliver preterm was
more oxidative, interpreted as higher levels of oxidative stress. However, this relationship
only trended toward significance when included in the logistic regression. These results do
warrant further consideration because of the important role of the glutathione system in the
redox potential and cell signaling and control (Jones, 2002).

Our study has several limitations. First, we did not separately analyze data based on medical
risk categories or include any other demographic factors in the regression analysis. We
acknowledge that differences in oxidative stress may be affected by medical risk status,

age, and other factors. Second, the a priori power analysis used for this study was based

on a different primary aim (Moore et al., 2019) and, thus, may not have sufficient power

to detect significance for this secondary aim. Finally, our antioxidant enzyme measurement
was specific to activity and did not measure actual enzyme protein levels or other enzymes
specific to the glutathione system (i.e., glutathione reductase, glutathione peroxidase), which
should be considered for future studies.

CONCLUSION

In summary, we prospectively compared antioxidants and ROS, 0, ~—, ONOO™, and

®0OH, using EPR spectroscopy, inpregnant women between 12 and 20 weeks of gestation
with the incidence of PTB. Results are minimal but do suggest decreased antioxidants

in early pregnancy may be associated with PTB; however, these findings should be
cautiously interpreted and may not have clinical significance. Future research should
examine the activity of the entire glutathione system, as well as directly measure H,0,
and hydroperoxides to identify if the dysregulation includes adequate protein, inactivity,
excessive ROS, and/or insufficient antioxidant levels.
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