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ARTICLE INFO ABSTRACT

Keywords: Introduction: Preeclampsia (PE), one of the most serious complications of pregnancy, is characterized by en-
Preeclampsia dothelial dysfunction and hypertension. The pathophysiology of the disease is still unknown; however, evidence
Early pregnancy suggests that placental and maternal oxidative stress promote the disease process. Several studies have assessed
Catalase levels of oxidative stress during pregnancy, but after diagnosis of PE. However, few studies have examined
;):;i?(t;,iz:uess oxidative stress before PE diagnosis. Thus, the present work was aimed to gain further insight into the role of
Superoxide dismutase f)xifiative stress prior to diagnosis of PE (i.e. 12-20 weeks of gestation) and to further understand and predict PE
Glutathione incidence.

Methods: Blood levels of superoxide (O, ~) and erythrocyte antioxidants such as superoxide dismutase (SOD),
catalase (CAT), reduced glutathione (GSH) and oxidized glutathione (GSSG) levels were measured in 23 pre-
eclamptic pregnant women and 91 women with normal pregnancies. We further used logistic regression of Oy"
and each antioxidant level as the main predictor variable for PE risk.

Results: CAT activity, GSH, and Total glutathione (TGSH) were significantly lower with All PE pregnant groups,
whereas O, ~ levels were modestly, but significantly, higher in women with mild PE. Logistic regression
analysis suggests increased CAT activity in pregnant women is associated with a decreased odds of being pre-
eclamptic.

Conclusion: CAT is the only antioxidant as shown in our study to be related to the severity of the disease and may
be a promising predictor for PE. Further studies are warranted to investigate the use of CAT as a novel ther-
apeutic for PE.

1. Introduction

Preeclampsia (PE), a leading cause of preterm delivery and of ma-
ternal morbidity and mortality worldwide [1-3], is more than simply
gestational hypertension during pregnancy [4]. It is characterized by
new, sustained hypertension and proteinuria and other adverse condi-
tions in the second half of pregnancy [1,5]. Despite significant progress
in understanding the pathophysiology of PE, the cause of this disorder
remains largely unknown. PE is proposed as a “2-stage model” [6] in
which reduced placental perfusion leads to the maternal syndrome
characterized by endothelial dysfunction and hypertension; however,
the link between these stages is unclear. Oxidative stress, often referred
to as an imbalance between reactive oxygen species (ROS) and anti-
oxidants, increases during PE and results in increased production of
lipid peroxides and ROS, such as superoxide (05"~ ) [7-9]. Oxidative
stress is a known cause of endothelial dysfunction making it a potential
contributor to PE [10,11]. Several studies have reported that markers of
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oxidative damage are elevated and antioxidant vitamin levels are lower
in women with PE [12-16]. However, many of these previous studies
measured antioxidant levels in mid and late pregnancy (i.e. after PE
diagnosis). As such, it is unclear if changes in oxidative stress markers
are causal to or an effect of PE. Thus, the purpose of this secondary
analysis was to identify biomarkers in early pregnancy which may be
associated with the eventual development of PE. These findings will
enhance our understanding of the role of oxidative stress in early
pregnancy with the incidence of PE. Our study objectives were to: 1)
identify differences between maternal levels of ROS and antioxidants
between 12 and 20 weeks gestation in women who develop PE and
those who do not; and 2) identify predictive relationships of maternal
0O," 7, and antioxidants measured between 12 and 20 weeks gestation
with incidence of PE.
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Table 1
Clinical Characteristics of All PE and Normal Pregnancy Groups.
Maternal characteristics All PE, n = 25 Normal pregnancy, n = 103 P value
Mean + SD or n (%) Mean + SD or n (%)
Age at delivery (years) 30.6 = 5.85 28.6 = 4.94 0.083
BMI 31.80 + 10.20 28.26 + 8.14 0.065
Gestational age at sampling (weeks) 12-20 12-20
Baby birth weight (g) 3162.80 + 723.96 3317.53 + 584.78 0.261
Baby Gestational Age 36.9 = 2.43 38.8 = 2.09 < 0.001
Maternal Race
White 23 (92) 66 (64) 0.007 (Fisher’s exact)
Non-white 2 (8) 37 (36)
Maternal Ethnicity (non Hispanic) 24 (96) 90 (87) 0.227
Diabetes Mellitus (DM) Status
No 12 (48) 89 (86) < 0.001 (chi square)
DMI 4 (16) 1)
DMII 4 (16) 2(2)
Gestational DM 5 (20) 11 (10)

Descriptive statistics includes testing differences between All PE and normal pregnancy groups using Chi-Square tests and t-tests.

2. Materials and methods
2.1. Sample collection

A prospective, longitudinal design was used to recruit 140 pregnant
women between 12 and 20 weeks gestation from a maternal-fetal
medicine practice group and a general obstetrics practice group asso-
ciated with a Midwest tertiary perinatal center. The present study was
reviewed and approved by the Institutional Review Board of University
of Nebraska Medical Center (Protocol No. 154-14-EP and 794-15-EP),
and written informed consent was obtained from each participant.
Further details of the original study can be found in Moore et al. [17].
Demographic (age, body mass index (BMI), race, ethnicity, diabetes
mellitis (DM)) and outcome (maternal PE, neonate’s gestational age at
birth, neonate’s birth weight) data were collected from the electronic
health records of the pregnant women after delivery. All pregnant
women were followed until delivery and categorized as PE per doc-
umentation in the medical record. PE severity was diagnosed in 1 of 3
ways: (1) gestational hypertension if there was high blood pressure (BP)
(systolic BP > 140 Hg and/or diastolic BP > 90 Hg); (2) mild PE if
there was proteinuria and high BP (systolic BP > 140 Hg and/or dia-
stolic BP > 90 Hg); (3) or severe PE was established by persistent high
BP (systolic BP = 160 Hg or diastolic BP = 110 Hg) and proteinuria,
and any of the following adverse conditions: creatinine > 1.0, liver
enzymes 2 X normal or more, platelets < 100, and symptoms such as
headache, visual changes, shortness of breath, and chest pain.

2.2. Blood sampling

Blood samples were collected from all pregnant women into EDTA
tubes at 12-20 weeks of gestation. Red blood cells (erythrocytes) were
separated from plasma by centrifugation at 2500 x g at 4 °C for 5min
and the plasma and erythrocytes samples were then stored at —80 °C
until analyzed.

2.3. O,°~ measurements

O, ~ was measured in whole blood using electron paramagnetic
resonance (EPR) Spectroscopy [18]. Briefly, thirty minutes after blood
collection, whole blood was incubated for 30 min at 37 °C with a su-
peroxide-sensitive EPR spin probe, 1-hydroxy-3-methoxycarbonyl-
2,2,5,5-tetramethylpyrrolidine (CMH), then frozen in liquid nitrogen.
Oxidation of these spin probes results in the formation of stable nitr-
oxide radicals that can be detected by EPR spectroscopy. The amplitude
of the EPR spectrum is directly proportional to the concentration of
O, . All EPR measurements were performed with a Bruker eScan EPR

100

spectrometer (Bruker BioSpin GmbH, Rheinstetten/Karlsruhe, Ger-
many) and expressed as EPR arbitrary units (A.U.).

2.4. Antioxidants measurement

All antioxidants (i.e. superoxide dismutase (SOD), catalase (CAT),
reduced glutathione (GSH) and oxidized glutathione (GSSG)) were
measured in red blood cell lysate using commercially available assays
[(SOD Assay Kit-WST (DOJINDO, Inc, Rockville, MD, USA), OxiSelect
Catalase Activity Assay Kit (Cell Biolabs, Inc., San Diego, CA, USA),
GSSG/GSH Quantification kit (DOJINDO, Inc, Rockville, MD, USA)]
and per the manufacture instructions.

2.5. Statistical analyses

SPSS version 25 (SPSS Inc, Chicago, IL) was used for statistical
analysis. Descriptive statistics and parametric tests were used to de-
scribe and compare demographic and outcome variables between PE
and normal pregnant groups. All biomarkers were log-transformed to
account for skewed data and mean differences in each of the biomarkers
between PE severity and normal pregnant groups were studied, using
ANOVA and post hoc Bonferroni corrections. Spearman’s correlations
between oxidative stress biomarkers and PE severity were also studied.
Logistic regression models for predicting the dichotomous outcome of
PE/normal pregnancy was performed using log-transformed data.

3. Results

Description of the demographic and clinical characteristics of the
study groups are shown in Table 1. All PE pregnant groups did not differ
from those in the normal pregnancy group in age, BMI, gestational age
at sampling, baby birth weight and maternal ethnicity. All PE pregnant
groups delivered approximately two weeks earlier compared to normal
pregnancy group (p < 0.001, Table 1). A greater proportion of the PE
pregnant group were white compared to the normal pregnancy group
(p = 0.007, Table 1). As expected, more women with PE had diabetes
compared to women with normal pregnancies (Table 1).

Biochemical parameters for each pregnancy group are provided in
Table 2. 05"~ levels were modestly, but significantly, higher in women
with mild PE compared with those with gestational hypertension and in
the normal pregnancy group (p < 0.05). CAT activity was significantly
lower in All PE pregnant groups compared with the normal pregnancy
group and were also significantly lower in women with severe PE
compared with the normal pregnancy group (p < 0.01). Levels of CAT
activity seemed to be related to the severity of the disease. Total glu-
tathione (TGSH) and GSH levels were significantly lower in All PE
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Table 2
Descriptive statistics of biochemical parameters between PE vs normal pregnancy groups at 12-20 weeks of gestation.
Biochemical parameters (unit) Normal pregnancy, n = 91 PE groups
All PE, n = 23 Gestational hypertension, n = 6 Mild PE,n =6 Severe PE, n = 11
Superoxide (0" 7) (A.U.)* 59 * 0.2 59 * 0.3 5.8 + 0.2 6.1 = 0.4° 59 + 0.2
Catalase (CAT) (U/mL) 10.7 = 0.9 9.9 + 0.9° 10.2 £ 1.2 10.5 = 0.7 9.5 + 0.5°
Superoxide Dismutase (SOD) (U/mL) 11.4 = 0.9 11.1 = 0.9 11.4 = 0.7 114 = 1.2 10.7 = 0.7
Total Glutathione (TGSH) (nmol/mL) 7.5 = 0.4 7.2 = 0.3 7.1 * 0.4 7.3 £ 0.2 7.2 £ 0.3
Reduced Glutathione (GSH) (nmol/mL) 7.4 = 0.4 7.1 + 0.3¢ 7.1 = 0.5 7.2 = 0.2 7.2 = 0.3
Oxidized Glutathione (GSSG) (nmol/mL) 3.6 £ 0.6 3.3 £ 0.8 3.2 £ 09 3.2 1.2 3.4 =07
Values expressed as log means + SD.
& Arbitrary Units.
> p < 0.05, vs normal and gestational hypertension.
¢ p < 0.01, vs normal pregnancy.
pregnant groups than in normal pregnancy group (p < 0.01). How- Table 4
ever, there was no significant differences between the study groups Logistic Regression Analysis of Biochemical Parameters for Predicting PE.
acro.ss the severle of the disease. SOD and GSSG concentrations showed Parameter® OR 05% CI P value
no significant differences between PE severity groups or between the
All PE pregnant groups and the normal pregnancy group (p > 0.05, 02~ 12.06 0.12-1158.58 0.29
Table 2). CAT 0.36 0.17-0.76 0.01
. . s s SOD 1.22 0.64-2.32 0.56
As shown in Table 3, changes in the antioxidant levels of CAT, TGSH GsH 32.06 0.00-5 5511 077

and GSH were negatively correlated with the severity of PE. Although
there was a slight, but significant, increase in O," ~ levels in mild PE
versus normal pregnancy and gestational hypertensive women
(Table 2), the odds ratio, as determined by the regression model ana-
lysis for Oy" ~ was not significant (p = 0.29, Table 4). CAT was the only
parameter significantly associated with a reduced risk of PE (Table 4). It
is estimated that for one unit increase in the log of CAT, the odds of
being preeclamptic decreases by 64% (calculated: (odds ratio
(OR) — 1)*100, p < 0.05, Table 4).

4. Discussion

This study demonstrates strong association between some oxidative
stress parameters assessed at 12-20 weeks of gestation and PE. Higher
levels of CAT was significantly associated with a reduced risk of PE.
CAT is the only antioxidant known to be related to the severity of the
disease. Our findings suggest that oxidative stress is a potential con-
tributor to PE. High levels of ROS are detrimental to cells leading to
oxidative damage to molecules such as lipids, proteins and DNA.
However, the body is equipped with antioxidant systems to overcome
the elevated levels of ROS. The non-enzymatic antioxidants includes
GSH, ascorbic acid, tocopherol, carotene, uric acid, bilirubin and the
enzymatic antioxidants include SOD, glutathione peroxidase, and CAT.
Thus, the present work was aimed to gain further insight into the role of
oxidative stress prior to diagnosis of PE (i.e. 12-20 weeks of gestation)
and to further understand and predict PE incidence.

Table 3

Correlations between oxidative stress measures of superoxide (05" ™),
catalase (CAT), superoxide dismutase (SOD), total glutathione
(TGSH), reduced glutathione (GSH), and oxidized glutathione
(GSSG) levels and PE severity at 12-20 weeks gestation.

Oxidative Stress Measure” PE Severity

Oy ™ (0.045, 0.637)

CAT (—0.335, 0.000)
SOD (—0.164, 0.077)
TGSH (—0.302, 0.001)
GSH (—0.299, 0.001)
GSSG (—-0.101, 0.279)

Note: Correlations were analyzed using Spearman’s correlations (rs,
p-value). Statistically significant correlations (p < 0.05) are bolded.
# Log transformed.

PE, preeclampsia; OR, odds ratio; CI, confidence interval.
# Log transformed.

Numerous studies have assessed levels of various antioxidants
during pregnancy, but after PE diagnosis [19-27]. However, only a few
studies have examined differences in their levels prior to diagnosis
[28-31], which commonly occurs after the 20™ week of gestation.
Among previous studies that measured antioxidants prior to the diag-
nosis of PE, our study is the first known study to measure CAT activity
and Oy" ~ levels in early pregnancy (i.e. 12-20 weeks of gestation). Our
results suggest that oxidative stress related to a decrease in CAT activity
may be implicated in early-onset PE and may accelerate the progression
of the disease.

In the present study, the observed increase in O," ~ levels in mild
PE to that of normal pregnancy group could be associated with the
severity of PE. However, our results did not show significant association
between O, ~ and PE severity (Table 3). Although, SOD is the first
barrier and antioxidant defense against O, ~ [32], maternal ery-
throcyte SOD activity was not significantly altered between both
groups. This result is in accordance with another study that showed no
changes in SOD activity at 16-20 weeks of gestation [31]. A previous
study reported lower levels of serum SOD in women with PE at 10-14
and 20-24 weeks of gestation [29]. The discrepancy between our data
and previous study might be due to the source of sample collection.
Maternal erythrocyte CAT activity was lower in PE pregnant group at
gestation age < 20 weeks as compared to normal pregnancy group. The
deficiency of CAT activity in women with severe PE before diagnosis
may be of particular importance in understanding the pathophysiologic
mechanism associated with PE, as the O, ~ that is being generated
continuously by numerous sources throughout the body is rapidly
converted into H,0,, which if not detoxified can contribute to oxidative
stress [33]. Unfortunately, we did not measure H,O, levels in our study,
however, we did measure CAT activity and GSH. Interestingly, there are
fewer studies about erythrocyte CAT activities during pregnancy in
women with PE after the diagnosis [34-38], whereas none of the stu-
dies assessed differences in CAT activity preceding PE diagnosis.

GSH is a major intracellular antioxidant. Erythrocytes contain high
concentrations of GSH accounting for almost 98% of total blood con-
tent. In addition to their detoxifying function, GSH and other thiols
maintain the redox balance of cells, thereby preventing oxidative da-
mage [39]. In present study, there was a marked reduction in
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antioxidant reduced GSH in PE pregnant group compared to normal
pregnancy group. Our results are supported by previous studies
[31,40]. However, CAT is the only antioxidant known to be sig-
nificantly related to the severity of the disease. One unit increase in the
log of CAT, the odds of being preeclamptic decreases by 64%, Table 4.
Together, these findings suggest an increased oxidative stress which
may play a role in the pathogenesis of PE. If this finding is corroborated
in future studies, CAT may be a promising antioxidant to consider in PE
prevention trials.

In summary, the present study demonstrates CAT activity is in-
versely associated with the severity of PE and suggests a correlation
between oxidative stress with initiation and progression of PE. Further,
well-designed and adequately powered studies are warranted to in-
vestigate the use of CAT as a novel therapy for the improved treatment
of PE.
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