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The relationship between oxidative stress and
preeclampsia. The serum ischemia-modified albumin
levels and thiol/disulfide homeostasis
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Abstract

Objective: Preeclampsia (PE) is a dangerous complication of pregnancy and still a major cause of maternal-fetal morbidity and mortality. Its etiology
remains largely unknown, but researchers have suggested oxidative stress-mediated inflammation for the same. The purpose of this study is to investigate
the relationship between oxidative stress and PE as well as the usability of oxidative stress indicators such as serum ischemia-modified albumin (IMA) levels
and thiol/disulfide balance in the prediction of PE.

Materials and Methods: The study included 47 pregnant women with PE and 57 healthy pregnant women. We measured their serum IMA, native thiol,
total thiol, and disulfide levels. Additionally, we determined the optimal cutoff values via the receiver operating characteristic curve analysis.

Results: There were no differences between the two groups with respect to the maternal age, body mass index, gravida, and parity. The native and total
thiol levels were found to be low when the disulfide and IMA levels were high in the patients with PE (p<0.05). When the IMA level was corrected by the
albumin level (IMAR), the significant difference between the two groups disappeared. We also found that the native and total thiol concentrations were
correlated with the systolic and diastolic blood pressures. The optimal cut-off values calculated for the prediction of PE were as follows: 178.45 pmol/L
(with sensitivity of 72% and specificity of 83%) for native thiol, 232.55 pmol/L (with a sensitivity of 75% and specificity of 85%) for total thiol, and 29.05
pmol/L (with sensitivity of 65% and specificity of 72%) for disulfide.

Conclusion: The balance of thiol/disulfide may play a role in the pathogenesis of PE and could be used as a biological marker for PE.

Keywords: Preeclampsia, hypertension, oxidative stress, thiol/disulfide, ischemia-modified albumin

Oz

Amac: Precklampsi (PE) gebeligin tehlikeli bir komplikasyonudur ve hala anne-fetal morbidite ve mortalitenin ana nedenidir. Etiyoloji buytik olctide
bilinmemektedir, ancak oksidatif stres aracili bir enflamasyon ileri strtilmektedir. Bu calismanin amact oksidatif stres ve preeklampsi arasindaki iliskiyi
ve preeklampsi ongoriisunde serum iskemi modifiye albumin (IMA) duzeyi ve tiyol/distilfit dengesi gibi oksidatif stres gostergelerinin kullamlabilirligini
arastirmakuir.

Gerec ve Yontemler: Calismaya 47 preeklamptik ve 57 saghkl gebe dahil edildi. Serum IMA, natif (dogal) tiyol, total tol ve disulfit duzeyleri olculdu.
Optimal cut-off degerleri alici isletim karakteristigi egrisi analizi ile belirlenmistir.

Bulgular: Anne yasi, viicut kitle indeksi, gravida ve parite arasinda fark bulunmadi. Preeklamptik hastalarda disulfit ve IMA diizeyleri yuksek oldugunda
natif ve total tiyol duzeyleri dustk bulundu (p<0,05). IMA seviyesi albumin seviyesi (IMAR) ile duzeltildiginde, iki grup arasindaki anlamh fark ortadan
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kayboldu. Ayrica natif ve total tiyol konsantrasyonlarinin sistolik ve diyastolik kan basinct ile iliskili oldugu bulundu. Preeklampsi tahmini i¢in optimal cut-
off degerleri; natif tiyol icin 178,45 pmol/L (%72 sensitivite ve %83 spesifite), total tiyol icin 232,55 pmol/L (%75 sensitivite ve %85 spesifite) ve disulfit

icin 29,05 umol/L (%65 sensitivite ve %72 spesifite) olarak hesaplandu.

Sonug: Tiyol/distlfit dengesi preeklampsinin patogenezinde rol oynayabilir ve preeklampsi icin biyolojik bir belirte¢ olarak kullanilabilir.
Anahtar Kelimeler: Preeklampsi, hipertansiyon, oksidatif stres, tiyol/distlfit dengesi, iskemi modifiye albumin

Introduction

Preeclampsia (PE) is a leading cause of both maternal-fetal
morbidity and mortality, and it affects about 5%-10% of
pregnancies”. PE is characterized by gestational hypertension
with one or more of the following conditions detected after
220 weeks’ gestation: proteinuria, acute kidney injury, liver
dysfunction, hematologic features, neurologic features, and
placental dysfunction®. Unfortunately, the only treatment for
PE is still delivery, and PE causes iatrogenic preterm birth in
about 15% of pregnancies®.

The etiology of PE is still unknown. It is believed that the defect
starts from the implantation of the placenta. The oxidative
damage that occurs in the placenta causes inflammation,
apoptosis, and the release of anti-angiogenic agents and
cytokines into maternal circulation. These placenta-originating
substances that pass into the maternal circulation cause
endothelial dysfunction, which is the main component of
PE pathophysiology®. Additionally, it has been shown that
physiological oxidative stress, which is present in the early
stages of pregnancy, stimulates the normal cell differentiation
and cytotrophoblast proliferation before the initiation of feto-
maternal circulation; however, its role in the development of
PE is still unknown®.

Albumin is a vital part of the antioxidant systems. Its structure
undergoes changes during oxidative stress, which lead to a
reduction in the metal binding capacity. Subsequently, it is
transformed into a new molecule called ischemia-modified
albumin (IMA)®. The formation of reactive oxygen species
(ROS) and free radicals temporarily changes the N-terminal
region of albumin, which causes an increase in IMA
concentration”. Furthermore, it has been shown to increase
in the healthy pregnant women and other pregnancy-related
situations® 1.

Another antioxidant system is the thiol group consisting of sulfur
and hydrogen attached to the carbon atoms"?. The circulating
thiol comprises albumin thiols, protein thiols, and thiols having
a low molecular weight. Thiol groups are reversibly converted
to the disulfide bonds in the presence of oxygen radicals. Thiol/
disulfide homeostasis (TDH) is protected by the conversion
between the thiol and disulfide groups'?. TDH plays an
important role in the mechanisms such as programmed cell
death and antioxidant protection>%.

In the literature, there are studies evaluating the levels of
TDH and IMA in pregnancy complications such as gestational
diabetes, hyperemesis gravidarum, PE, and intrauterine
growth retardation®'>!”. Because PE remains an important
obstetric complication, there have been ongoing studies on

the biochemical markers for the early detection of this disease.
The investigation of serum markers related to oxidative stress
involved in the etiology of PE can be useful in this matter. Based
on this observation, the purpose of this study is to investigate
two antioxidants, serum IMA and TDH, and compare these
markers between the patients with PE and healthy pregnant
women in the control group.

Materials and Methods

We conducted this study between May 2017 and September
2018 after receiving the approval of the local Ethics Committee
at the Yozgat Bozok University Faculty of Medicine, Department
of Obstetrics and Gynecology (April 18, 2017, 2017-11/01).
Importantly, we obtained written informed consent from all the
pregnant women who agreed to participate in the study.

The study group consisted of 47 patients who were diagnosed
with PE according to the recommendations of the International
Society for the Study of Hypertension in Pregnancy”. The
control group consisted of 57 normotensive pregnant women
(blood pressure less than 140/90 mmHg). The blood pressure
of participants in the outpatient clinic was measured with an
adult-type blood pressure monitor (Perfect Aneroid 48, ERKA,
Germany), whereas the inpatient follow-up was performed by
using a patient monitor (Vista 120, Dréger, Germany). A 5 mL of
fasting venous blood sample was taken from all the participants
for the analysis of biochemical parameters. In the study group,
proteinuria was measured in a 24-hour urine protein test. We
did not included pregnant women with a history of PE, chronic
gestational hypertension, renal, hepatic and thyroid diseases,
and type I and type 1T diabetes mellitus in this study.

TDH parameters were measured as described previously by Erel
and Neselioglu®. The total and native thiol levels were measured
by a fully automated spectrophotometric method by using an
autoanalyzer-cobas® 6000 analyzer series (Roche Diagnostic
Corp., Mannheim, Germany). The amount of dynamic disulfide
was calculated as half of the difference between the total thiol
and native thiol levels. After the determination of native and
total thiol levels, the disulfide amounts, disulfide/total thiol
percentage ratios, native thiol/total thiol percentage ratios, and
disulfide/native thiol percentage ratios were calculated.

The serum IMA level was evaluated by using the method
proposed by Bar-Or et al.®”. A 200-mL patient sample was taken
and 50mL of cobalt chloride (CoCl,6H,0, 1g/L) was added
to it. This procedure was followed by vigorous mixing. The
mixture was incubated for 10 minutes to ensure the binding of
cobalt albumin. A 50-mL (1.5 mg/mL) amount of dithiothreitol
was added as a coloring agent and later mixed. After a two-
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minute incubation period, 1.0mL of sodium chloride (0.9%)
was added. The absorbance of assay mixtures was read at a
wavelength of 470nm by using a spectrophotometer (Thermo
Scientific, Madison, WI). A blank was similarly prepared with
the exclusion of the dithiothreitol. The results were reported as
absorbance units (ABSU). The serum IMA and IMA/albumin
ratio (IMAR) was also calculated. Serum IMAR was expressed
as absolute units per gram (ABSU/g) of albumin.

Statistical Analysis

We performed statistical analysis by using the Statistics Package
for Social Sciences software (ver. 20.0; SPSS Inc., Chicago,
IL). Descriptive analyses were presented as mean + standard
deviation. We analyzed the fit of the variables to the normal
distribution by visual (histogram) and analytical (Shapiro-Wilk
test) methods. Importantly, we compared the data with normal
distribution by using the Student’s t-test, whereas we compared
the data without normal distribution by using the Mann-
Whitney U test. The correlation coefficient was calculated by the

Table 1. The Characteristics of the preeclampsia and control groups

Control (n=57)

Mean
Age 28.95
BMI (kg/m?) 26.27
Gravida 2.70
Parity 1.11
Gestational age (years) 2021
Systolic blood pressure (mmHg) 104.04
Diastolic blood pressure (mmHg) 64.91
Urine protein (mg/24 hours) -
AST (iw/L) 16.69
ALT (iwL) 15.38
Creatinine (umol/L) 0.55
LDH (iw/L) 178.36
Platelet (x10°/uL) 224.70
Albumin (gr/dL) 3.86
IMAR 0.22
IMA (ABSU/g) 0.76
Nthiol (pmol/L) 191.31
Tthiol (pmol/L) 251.64
Disulfide (pmol/L) 0.12
Disulfide/native thiol ratio 0.16
Disulfide/total thiol ratio 0.12
Native thiol/total thiol ratio 0.76

Pearson or Spearman tests according to the normal distribution
of data. We used the receiver operating characteristic (ROC)
curve analysis to determine the optimal cutoff value. A p-value
of less than 0.05 was considered significant within a 95%
confidence interval.

Results

We divided 104 pregnant women who agreed to participate in
this study into two groups. Group 1, the study group, consisted
of 47 pregnant women with PE, whereas group 2, the control
group, consisted of 57 healthy pregnant women. Table 1 shows
the descriptive data from the study and control groups. There
was no difference with respect to maternal age, BMI, gravida, and
parity between the groups (p>0.05). We compared systolic and
diastolic blood pressures, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase, creatinine levels
and platelet counts, and determined a significant difference
(p<0.05) between the groups as we expected (Table 1).

Preeclampsia (n=47)

Mean SD

5.38 30.15 4.72 0.375
2.50 27.47 2.16 0.607
1.90 2.81 1.57 0.500
1.01 1.43 1.17 0.163
4.98 30.45 5.90 0.409
10.67 149.55 12.25 <0.001
8.89 92.66 9.66 <0.001
- 637.53 1012.46 -

5.68 35.43 35.40 <0.001
8.73 30.48 39.95 0.034
0.05 0.61 0.10 0.001
31.19 256.34 101.86 <0.001
47.30 223.90 77.70 0.001
1.17 3.56 0.73 0.088
0.08 0.24 0.06 0.065
0.07 0.80 0.07 0.037
36.94 142.41 45.93 <0.001
37.95 198.68 44.24 <0.001
0.03 0.15 0.04 0.001
0.05 0.23 0.11 <0.001
0.03 0.15 0.04 0.001
0.05 0.70 0.09 <0.001

Mann-Whitney U test, IMAR: Ischemia-modified albumin/albumin, IMA: Ischemia-modified albumin, ABSU: Absorbance units, Nthiol: Native thiol, Tthiol: Total thiol, LDH: Lactate
dehydrogenase, SD: Standard deviation, BMI: Body mass index, AST: Aspartat aminotransferaz, ALT: Alanin aminotransferaz
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IMA, native thiol, total thiol, the disulfide and disulfide/native
thiol ratio, the disulfide/total thiol ratio, and the native/total
thiol ratio were found to be significantly different between the
groups (p<0.05) (Table 1). The native and total thiol levels were
found to be low when the disulfide and IMA levels were high
in the patients with PE. When the IMA level was corrected by
the albumin level (IMAR), the significant difference between
the two groups disappeared. Further analysis was conducted
within the PE group to determine whether the biochemical
parameters showed any correlations with each other and with
blood pressure (Table 2). Furthermore, a significant negative
correlation between total thiol and systolic blood pressure
[Spearman’s Rho Coefficient (rs) —0.519, p<0.001) and diastolic
blood pressure (r: -0.512, p<0.001)] was found. Additionally,
there was a significant and moderate negative correlation
between the native thiol and systolic blood pressure [r_: -0.495,
p<0.001] and diastolic blood pressure (r: -0.496, p<0.001).
We performed ROC analysis to evaluate the diagnostic
performance of significant parameters in the prediction of PE
(Figure 1). The optimal cutoff values were: native thiol, 178.45
nmol/L (with sensitivity of 72% and specificity of 83%); total
thiol, 232.55 pmol/L (with 75% sensitivity and 85% specificity)
and disulfide, 29.05 pmol/L (with sensitivity of 65% and
specificity of 72%).

Discussion

This case-control study investigated the relationship between
PE and serum oxidative stress markers. It also found that the
levels of native thiol, total thiol, and disulfide were significantly
different in the PE group. Additionally, the levels of serum IMA
were higher in the PE group as compared to the control group;
however, this difference was eliminated after the correction for
total albumin (IMAR) concentrations.

Table 2. Correlations of biochemical parameters

Parameters I, P

Nthiol-IMAR -0.337 <0.001
Nthiol-systolicBP 0.495 <0.001
Nthiol-diastolicBP -0.496 <0.001
Nthiol-disulfide -0.096 0.331
Tthiol-systolicBP -0.519 <0.001
Tthiol-diastolicBP -0.512 <0.001
Tthiol-IMAR -0.357 <0.001
Tthiol-disulfide 0.089 0.389
Nthiol-tthiol 0.973 <0.001
IMAR-disulfide -0.222 0.134

Spearman’s tho test. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
IMAR: Ischemia-modified albumin/albumin, IMA: Ischemia-modified albumin, Nthiol:
Native thiol, Tthiol: Total thiol, SystolicBP: Systolic blood pressure, DiastolicBP: Diastolic
blood pressure

Despite decades of research, the pathogenesis and
pathophysiology of PE are yet to be fully understood. Moreover,
insufficient placentation at the beginning of pregnancy is
believed to be the trigger for PE. The early 1990s witnessed
the proposal of “two-stage model of PE” hypothesis'?. In this
hypothesis, PE consists of Stage 1 (pre-clinical stage) with
inadequate placentation and Stage 2 (clinical stage) with maternal
syndrome. It was not fully understood how PE progressed from
stage 1 to stage 2. It was believed that endothelial dysfunction,
which leads to the emergence of clinical picture, may be the
link between stage 1 and 2%%. While the two-stage model of PE
hypothesis describes PE as a homogeneous disease, subsequent
studies have shown that PE is a heterogeneous disease and that
this hypothesis cannot explain some of the PE cases'?V. In
early pregnancy, spiral arteries lose the muscle layer and adapt
to pregnancy. The problems in the remodeling process affect
the flow rate rather than the flow volume of the blood®?. It
has been shown that ischemia-reperfusion injury and oxidative
stress caused by this high-pressure abnormal flow lead to
more damage in the placenta than chronic hypoxia®?. It has
been suggested that severe oxidative stress is associated with
maternal clinical symptoms of PE@?.

Moreover, inadequate placentation causes the occurrence
of ischemia-reperfusion injury and vasoactive agents such as

soluble fms-like tyrosine kinase-1 and soluble endoglin®®.
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Parameters AUC* Cut off Sensitivity Specifity 95% Confidence
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Native thiol 0.825 178.45 72 83 0.740-0.910
Total thiol 0.850 23255 75 85 0.769-0.931
Disulfide 0.635 29.05 65 72 0.526-0.745

2: Area under curve,

Figure 1. Receiver operating characteristic analysis (Specificity,
Sensitivity, and the Cutoff Levels of Thiol/Disulfide Homeostasis
in Preeclampsia)
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These anti-angiogenic vasoactive agents show their effects
through oxidative stress, induced systemic inflammation,
and endothelial cell damage®?®. PE is characterized by a
deterioration in the oxidant-antioxidant balance in the favor of
oxidative stress*”. ROS are the most important components of
oxidative damage™®. ROS shows their vasoconstrictive effects
by inhibiting the endothelial-dependent vasodilation pathways
(such as nitric oxide). This action suggests that oxidative stress
play a pivotal role in the development of PE.

Thiol, also known as mercaptan, is an organic compound that
contains the sulfhydryl groups"?. The thiol/disulfide system,
which is one of the most important antioxidant systems of the
human body, can be oxidized in the presence of free oxygen
radicals due to the thiol groups and can be reversibly converted
to the sulfhydryl bonds®”. TDH has been investigated for
many physiological conditions such as apoptosis, antioxidant
defense mechanisms as well as for pathological processes such
as cancer, diabetes mellitus, intrauterine growth restriction,
obstructive sleep apnea, and so on"*!'*3%33 Hydrogen sulfide
(H,S), a functional group of native thiol, regulates the vascular
tone through nitric oxide®?. As indicated by Holwerda et al.®>,
the production of FS is less in the placental samples from
the patients with PE. The oxidative damage from ROS on the
vascular structures increases with the weakening of TDH. In
PE, Ozler et al." first identified TDH and showed that TDH
may play a role in the pathogenesis of PE. Native and total thiol
levels were found to be low and the disulfide levels were high in
patients with PE; these observations were similar to our results.
Recent studies found a correlation between the severity of PE
and the impairment of TDH®®. As in line with the literature, our
study showed that TDH significantly deteriorated in the favor
of PE. Additionally, it also found that the native and total thiol
concentrations were correlated with the systolic and diastolic
blood pressures.

Although IMA levels were first studied in myocardial ischemia,
they have been studied for many conditions, such as multiple
sclerosis, PE, and acute appendicitis®"*®. The IMA levels have
showed contradictory results in previous studies conducted on
PE. The study by Van Rijn et al.®” examined the IMA levels in
three groups: 12 pregnant women with PE, 12 normotensive
pregnant women, and 12 healthy non-pregnant women showed
no significant difference. The study by Ustiin et al.” included 54
pregnant women and found that the IMA level was significantly
higher in the PE group. Additionally, the severity of the disease
and IMA levels were positively correlated in the same study.
Studies investigating the level of IMA in healthy pregnant women
and healthy non-pregnant women have shown that pregnancy is
a factor that significantly increases the IMA level on its own®>?.
In this study, the IMA level was significantly different in both
the groups. However, this difference disappeared when the
IMA level was corrected with albumin. The IMA levels during
pregnancy are higher in pregnant women than in healthy non-
pregnant women. A hypoxic environment is required to increase
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placentation. In our opinion, the hypoxic environment in the
early period of pregnancy activates the cytotrophoblasts and
increases the level of IMA.

Study Limitations

This study has several limitations. First, the obstetric
and neonatal outcomes could not be included due to the
insufficiencies of neonatal intensive care units’ recording
system. Second, most of these patients could not give birth in
our center. Other limitations were the differences in the severity
of PE among the study group and a small sample size. However,
the evaluation of the parameters of two different antioxidant
defense systems at the same time is a factor that adds weight to
our research.

Conclusion

Oxidative stress is an important part of the pathophysiology of
PE. This study evaluated two different oxidative stress markers,
and found that TDH was significantly different in the PE group,
but there was no significant difference for IMAR. According to
our hypothesis, TDH may play a role in the pathogenesis of PE
and serum levels or ratios can be used to predict PE. To confirm
these results, there is a need for future prospective randomized
controlled studies researching the serum levels also in the early
gestational weeks with higher numbers of subjects and groups.
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