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The Effect of Delivery Mode on Thiol-Disulfide Balance in the Umbilical Cord
Blood

Dogum Seklinin Umbilikal Kord Kanindaki Tiyol/Disiilfit Dengesine Etkisi

Selda SONGUR DAGLI* " Recai DAGLI?

oz

Amag: Giiniimiizde, oksidatif stress seviyesi siklikla tiyol/disiilfit dengesini inceleyen metodlar yoluyla saptanir. Elektif sezaryen
(ES) ve vajinal dogumlardaki (VD) oksidatif stresi tiyol/disiilfit dengesini inceleyerek karsilastirmay: amagladik.

Araglar ve Yontem: Calismaya 48 VD ve 57 ES dahil edildi. Calismada, standardizasyon amaciyla, spinal anestezi ile yapilan
ES’lar incelendi. Plasenta ayrildiktan hemen sonra umblikal arterden bes mililitre kan 6rnegi alindi. Serum nativ tiyol, total tiyol,
distilfit analiz edildi. Disiilfit/native tiyol (%), Disiilfit/total tiyol (%), and nativ tiyol/total tiyol (%) oranlar1 hesaplandi.

Bulgular: ES grubundaki nativ tiyol, total tiyol, disiilfit, and disiilfit/total tiyol oranlar1 VD grubundan belirgin olarak diigiiktii
(446.27+48.01 , 484.26+47.50, p<0.001, 493.28469.14 , 541.43+64.21, p<0.001, 23.7549.27 , 28.58+11.11, p=0.017 ve 4.68+1.48 ,
5.80+2.04, p= 0.002, swrastyla). Gruplar arasinda disiilfit/nativ tiyol ve nativ tiyol/total tiyol oranlar1 bakimindan farklilik yoktu
(p>0.05). Gruplar arasinda yas ortalamasi, dogum haftasi ve dogum agirligi agisindan fark yoktu (p>0.05). ES grubundaki
yenidoganlarin ilk ve 5. dakika Apgar skorlar1 VD grubundan daha yiiksekti (p<0.01).

Sonug: Tiyol/disiilfit dengesi dogum yonteminden etkilenmektedir. Vajinal dogumdaki oxidatif stres seviyesi elektif
sezaryendekinden daha yiiksektir.

Anahtar Kelimeler: sezaryen; disiilfit; oksidatif stres; tiyol; vajinal dogum.
ABSTRACT

Purpose: Today, the Oxidative stress level is frequently determined through the methods examining the thiol-disulfide balance. We
aimed to compare oxidative stress in elective caesarean sections (ECS) and vaginal deliveries (VD) by examining the thiol-disulfide
balance.

Materials and Methods: Forty- eight VDs and 57 ECSs were included in the study. For standardization, pregnant women who
underwent spinal anesthesia for ECS were examined in the study. Five milliliters of blood samples were taken from the umbilical
artery immediately after placenta delivery. Serum native thiol, total thiol, disulfide was analyzed in blood samples. Disulfide/native
thiol (%), disulfide/total thiol (%), and native thiol/total thiol (%) ratios were calculated.

Results: Native thiol, total thiol, disulfide, and disulfide/total thiol ratios were significantly lower in the ECS group than in the VD
group (446.27+48.01 vs 484.26+47.50, p<0.001, 493.28+69.14 vs 541.43+£64.21, p<0.001, 23.75+£9.27 vs. 28.58+11.11, p=0.017,
and 4.68+1.48 vs 5.80+2.04, p= 0.002, respectively). There were no differences between the groups in terms of disulfide/native thiol,
and native thiol/total thiol ratios (p>0.05). There were no differences between the groups in terms of mean age, gestational week, and
birth weight (p>0.05). First and 5th Apgar scores of the newborn of the ECS group were higher than the VD group (p<0.01).

Conclusion: The thiol-disulfide balance is affected by delivery mode. The oxidative stress level in vaginal deliveries is higher than
in elective caesarean sections.
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INTRODUCTION

A substance that donates electrons is oxidized, and a
substance that gains electrons is reduced. Reduction
reactions occur via electron transfer and via a change in
orbits of electrons in covalent bonds. Oxidized agents are
electrophilic and gain electrons from other molecules,
and as a result, they produce free radicals.® These free
radicals are very labile and active, and may be of
endogenous or exogenous origin. Thiol-disulfides (TD)
are also radicals that are formed in this oxidation process.
TD is the sulfide-added form of thiol. The organism tries
to preserve the native thiol and TD balance by working
together with oxidative and antioxidative systems. Native
thiol is oxidized and transforms into the disulfide form
and, through the process of the antioxidant mechanism,
the sulfide bond is separated and converted back into a
thiol.2 Organisms try to fight these free radicals and
prevent cell damage caused by free radicals. Oxidative
stress (OS) is a condition that occurs when an organism
fails to defend against free radicals. It is thought that the
OS plays a role in the etiopathogenesis of many diseases,
especially cancer.® OS can be tested for practically using
the method of Erel et al., which enables the measurement
of these metabolites.?

Pregnancy is a physiologic process in which oxidant and
antioxidant systems work to maintain a balance, and as
the trimesters increase, OS increases, women in whom
OS increases, pregnancy complications such as
hyperemesis gravidarum and preeclampsia may be more
severe. In cases of complications, OS may rise and enter
a vicious circle. *7 When the literature is examined, it is
observed that different marker levels were examined in
complicated pregnancies or according to the urgency of
the delivery.®*® However, there are few standardized
studies investigating the relationship between delivery
mode, TD balance, and OS levels. Accordingly, we
planned this research to support the literature.

In this study, we aimed to compare the TD balance in
elective caesarean sections (ECS) and vaginal deliveries
(VD) using a practical method that has not been
sufficiently studied.

MATERIAL and METHODS

Study Design

This study is a prospective observational study.
Study Site

Pregnant women followed up in the Obstetrics and
Gynecology Clinic of Kirsehir Ahi Evran University
Training and Research Hospital between August 1%
2017, and July 1%, 2018, and who underwent VD or ECS
were included in the study.

Inclusion and exclusion criteria

The gestational week was calculated according to the last
menstrual date and ultrasonographic examination in the
first trimester. Healthy pregnant women in the 37"-41°
gestational week who did not use drugs except iron and
folic acid supplementation and who underwent VD or
ECS were included in the study.

In this study, only, uncomplicated vaginal term deliveries
have were examined in the VD group: Pregnant women
with the head presentation, unassisted and no
complications VD, who did not require medication,
oxygen and intravenous fluid infusion from the beginning

of labor to termination were included in the study.

In ECS group, pregnant women whose labor process did
not start spontaneously and was performed an elective
caesarean section, such as having prior uterine surgery,
primiparous with breech presentation, and the secondary
elective caesarean section were included in the study.
Women who had preeclampsia, gestational diabetes
mellitus, placenta previa, placental detachment, and
chronic diseases such as hypertension, diabetes mellitus,
and connective tissue disease were not included. Besides,
pregnant women who had multiple pregnancies,
complications during labor such as fever, meconium-
stained amniotic fluid, chorioamnionitis, and intrauterine
exitus were not included in the study. Pregnant women
who needed medication such as oxytocin for induction of
labor, were excluded from the study.
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Procedure:

Two groups were determined: the VD group and the ECS
group.

VD procedures: After the active phase of the labor action
started, the necessary monitorisation of the pregnant
women was performed. Labors terminating within 8
hours, without needing an episiotomy, and required no
medication, intravenous fluids and oxygen therapy during

the course were included in the study.

ECS procedures: Standard hemodynamic monitorisation
was performed with electrocardiography (ECG),
peripheral oxygen saturation (SpO,), and noninvasive
blood pressure (NIBP) monitoring before the ECS. An
intravenous route was obtained, and 500 mL 0.9% NaCl

infusion was started.

The type of anesthesia was determined by a joint decision
of the pregnant-obstetrician-anesthesiologist triplicate
following the American Society of Anesthesiologists
Physical Status (ASA). The selected anesthesia technique
was performed using standard procedures by an
anesthesiologist who was not in the research group and
was responsible for obstetric surgery. For standardization,
pregnant women who underwent spinal anesthesia for

ECS were included in the study.

Standard spinal anesthesia procedure: A 26-G spinal
needle (Atrocan®, Brown, Germany) was inserted at the
L3-L4 or L4-L5 vertebral level with the women in the
sitting position, and 10 mg heavy bupivacaine was
administered. After checking the settlement of sensory
block at the T6 level with a pinprick test, the surgical
procedure was permitted. Oxygen (2 L/min) was
administered using a nasal mask until the fetus was

delivered.

In both methods, the umbilical cord was clamped, and
then the placenta was delivered after the baby was
delivered. The placenta was removed from the surgical
site to obtain blood samples.

Data collection procedure

Five-milliliter blood samples were taken from the
umbilical artery just after the fetus and placenta were
delivered following VD and ECS. The samples were first
centrifuged at 3000 rpm and stored at -80°C until
required for analysis. Serum native thiol (umol/L), total
thiol (umol/L), and disulfide (pmol/L) were measured
using the method described by Erel and
Neselioglu.?Disulfide/native thiol (%), disulfide/total
thiol (%), and native thiol/total thiol (%) ratios were

calculated.

Birth weight (gr), first and 5 minute Apgar scores of the
newborn, maternal age (years), gestational age (week)

were recorded.
Ethical Approval and Informed Consent

The Clinical Trials Ethics Committee of the Kirsehir Ahi
Evran University approved this study (Date: 03/07/2017,
Decision no: 2017-13/138). This observational study was
planned following the current Declaration of Helsinki.

Pregnant women who met the inclusion criteria were
informed about the research, and an informed consent

was obtained from each participant.
Data Analysis and Management

The primary outcomes of this study are between-group
comparisons of native thiol and total thiol levels, and
disulfide/native thiol (%), disulfide/total thiol (%), and
native thiol/total thiol (%) ratios.

Secondary outcomes are maternal age (years), gestational
age (week), birth weight (gr), first and 5th minute Apgar

scores of the newborn.
Statistical Analyses

Statistical analyses were performed using SPSS 17.0
version (SPSS Inc., Chicago, IL). The normal distribution
of continuous variables was checked using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. The
Independent t-Test and the Mann-Whitney U test were

used to compare continuous variables in normally and
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non-normally distributed data, respectively. Descriptive
statistics are expressed as n (%), mean+SD, median (Q1-
Q3), and 95% Confidence Interval (95%Cl).

RESULTS

There were a total of 1024 VDs and 1132 ECSs in our
clinic in the study period. During the ethics committee
approval period, a total of 105 women who met the
inclusion criteria, ECSs (n=57, 54.3%) and VDs (n=48,
45.7%) could be included.

There were no differences between the groups in terms of
mean age, gestational week, and birth weight (p>0.05).
First Apgar (8.37 (95% CI, 8.20 to 8.54) vs. 8.02 (95%
Cl, 7.98 to 8.06), p<0.01) and 5th Apgar scores of the
newborn (9.51 (95% ClI, 9.35 to 9.67) vs 9.02(95% ClI,
8.98 t0 9.06), p<0.01) of the ECS group were higher than
the VD group. The basic data are shown in Table 1.

Table 1. Baseline data.

Maternal age 27.75+4.82 28.69 £5.73

e 0.367
(vears) 28.00 (23.50 to 29.00 (24.25 to
32.00) 32.00)
Birthweight 337298435035 326875+469.64 o
@ 3400.00 (3150.00to  3255.00 (3000.00 to
3560.00) 3585.00)
Gestational age  38.98+ 0.48 38.52+2.13 0.148°
(week) 39.00 (39.00 to 39.00 (38.00 to
39.00) 40.00)
Apgar 8.3720.64 8.0240.14 b
(1. Minute) <0.01
8.00 (8.00109.00)  8.00 (8.00 to 8.00)
Apgar 9.5140.60 9.0240.14 <on
(5. Minute) 169 (9.00 to
10.00) 9.00 (9.00 t0 9.00)

ECS: elective caesarean sections, VD: vaginal deliveries,
All variables are expressed as n(%), mean+SD, and median (Q1-Q3).
2 Independent t-Test, °Mann-Whitney U Test.

Native thiol, total thiol, disulfide, and disulfide/total thiol
ratios were significantly lower in the ECS group than in
the VD group (446.27+48.01 vs 484.26+47.50, p<0.001,
493.28469.14 vs 541.43+64.21, p<0.001, 23.7549.27 vs
28.58+11.11, p=0.017, and 4.68+1.48 vs 5.80+2.04, p=
0.002, respectively) (Figurel-2).
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Figure 1. A comparison of native thiol and total thiol according
to delivery mode (ECS: elective caesarean sections, VD: vaginal
deliveries, mean+95%CI)
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Figure 2. A comparison of disulfide according to delivery mode
(ECS: elective caesarean sections, VD: vaginal deliveries,
mean+95%CI)

There were no differences between the groups in terms of
disulfide/native thiol and native thiol/total thiol ratios
(p>0.05). A comparison of TD values is shown in Table

2.

Table 2. The values of thiol-disulfide hemostasis in the cord
blood.

Native thiol 446.27 + 48.01 484.26 + 47.50 .

(umol/L) 457.60 (411.15t0  489.75 (453.55t0  <0.001
487.10) 516.70)

Total thiol 49328 + 69.14 541.43 + 64.21 R

(umol/L) 502.00 (44950t0  555.50 (499.00t0  <0.001
545.50) 578.50)

Disiilfide 23.75+9.27 2858 1111 .

(umol/L) 24.75 (17.92 to 29.70 (21.11 to 0.017
33.16) 36.43)

Disiilfide/Native 5.22 +1.78 5.14+1.74 0.809°

thiol (% :

) 5.38 (4.08106.47)  5.42 (4.28106.32)
Disiilfide/Total ~ 4.68 + 1.48 5.80 = 2.04 0.002°
thiol (% :

) 485(3.77105.73)  6.07 (4.67t07.24)

Native 90.75 +3.12 89.71+3.48 .
thiol/Total 90.29 (88.54 to 89.16 (87.34 to 0.059
thiol (%) 92.49) 91.44)

ECS: elective caesarean sections, VD: vaginal deliveries,

All variables are expressed as n(%), mean+SD, and median (Q1-

Q3).

®Independent t-Test, ®Mann-Whitney U Test.
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DISCUSSION

We found that OS was significantly higher in the VD
group than in the ECS group. Disulfide levels, which
reflect OS, were higher in the VD group than in the ECS
group. Besides, native thiol levels, which reflect
antioxidation, were also higher in the VD group than in
the ECS group. In addition, we found that Apgar scores
were statistically higher in the ECS group, but this was
not clinically significant.

Isik et al. showed that native and total thiol levels were
higher in the VD group, but unlike our study, they found
no difference between the groups in terms of the
disulfideftotal thiol ratio.** In that study, there was no
information regarding whether a standard anesthesia
protocol was performed or not. It is known that the type
of anesthesia, the drugs used, and the amount of oxygen
administered can affect 0S.* ® We included women
who underwent only standard spinal anesthesia during
ECS to eliminate factors that affect OS levels.

Cindrova-Davies et al. performed a pathologic and
chemical study on placentas to assess OS levels after VD
and ECS. They found that OS level was higher in the VD
group than in the ECS group, as we found in our study.*’
Tai-Ho Hung et al. performed a study on both maternal
and placental tissues to determine if the form of labor
affected OS levels. The authors found that the OS level
was higher in the VD group than in the ECS group.
However, there was also no standardization for the type
of anesthesia and labor in their study.’® Vakilian et al.
performed a similar study to ours, but used thiobarbituric
reactive substances (TABRS), total antioxidant power
(TAP), and total thiol molecules (TTM) as markers. They
found that the OS level was higher in the VD group than
in the ECS group in accordance with our findings. Once
again, there was no standardization for VD and ECS in
that study.®

Parmigiani et al. evaluated OS by looking at the value of
reactive oxygen metabolites (ROMSs) in umbilical cord
blood, and concluded that newborns’ antioxidant
mechanisms affected OS, and that OS was not affected by
delivery mode.*® In that study, ROMs, which represent

OS and occur in the last step, were examined. In our

study, both oxidation and antioxidant markers were
studied separately. The disulfide ratio, which represents
OS, and the native thiol ratio, which represents
antioxidation, were higher in the VD group than in the
ECS group.

The OS level may be affected by changes in steroid
hormone and melatonin levels during the day.’® In our
study, ECSs were performed during daytime and VDs in
all hours of the day. The difference in OS level between
groups may be due to this reason. In our study, thiol
balance was measured only in cord blood sample. The
simultaneous measurement of thiol balance in the
maternal serum samples could be valuable in order to
validate the results. Therefore, future studies involving
the VVDs and ECSs that will take place in the same period
were planned. As a result, the thiol-disulfide balance was
affected by the delivery mode. The oxidative stress level
in the vaginal deliveries was higher than in the elective

caesarean sections.
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