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Abstract

Objectives: Introduction: Review of articles point out that the route of delivery may cause oxidative stress. Since management of
labor is of great importance for healthy childbearing, the present study was performed to compare cesarean section (CS) and normal
vaginal delivery (NVD) through Entonox inhalation in terms of oxidative stress indices in mode of delivery.

Materials and Methods: Sixty women undergoing CS and 60 women undergoing painless labor using Entonox gas were included
in the study after obtaining a written informed consent. Three tests including lipid peroxidation, total thiol molecules (TTMs), and
ferric reducing ability of plasma (FRAP) assay were performed. To this end, venous blood samples (5 mL) were obtained from the
mothers at the end of the second stage of labor or after surgery. The same indices were measured for 5 mL of blood sample taken
from the umbilical artery of the infants. Descriptive (means) and analytical (independent t test) tests were employed for data analysis.
Results: Mean maternal lipid peroxidation level in the CS and Entonox groups were 5.798+4.210 and 5.105+2.892 nmol/mm,
respectively (P=0.544). TTMs were 0.2846+0.2632 and 0.2656 +0.2437 mmol/mm in the CS and Entonox groups (P=0.687).
Moreover, mean scores of FRAP were 0.766+0.516 and 1.057+0.626 nmol/mm in the CS and Entonox groups, respectively
(P=0.007). However, oxidative stress indices of the infants were not different between 2 groups (P>0.05).

Conclusion: Since total antioxidant capacity in the CS group was lower compared to the Entonox group, it seems that maternal
antioxidant defense decreases. Thus, Entonox can be used safely from the perspective of oxidative stress indices.
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Introduction

According to some studies, fear and pain of normal
vaginal delivery (NVD) is the first (1,2) or second (3)
reason for cesarean section (CS). Labor pain is a complex,
subjective, and multidimensional response to the sensory
stimuli during delivery. Labor pain and methods to relieve
it are great concerns for pregnant women (2,4). The
perspective of medical care systems on labor and labor
pain management is progressively relied on anesthetic and
analgesic drugs; although there are certain limitations in
their medical approval (5).

Nitrous oxide has been known as an anesthetic and
analgesic for more than 200 years (6). Moreover, N O is
used in pains associated with wound dressing (7), labor
pain (8), and labor anxiety (9). N,O is the only inhaled gas
that lowers labor pain and is used by midwives in Iran (8).

Although 21 studies in a systematic review revealed
reduced pain as a result of NJO administration, that
study affirmed that N O cannot be definitively suggested
for diminishing pain; as the quality of those studies was
under question (10). In some studies, side effects such as
dizziness, diarrhea, and vertigo were reported (11).

Studies on different methods of labor such as CS (4,8)

and painless labor reported different findings regarding
maternal oxidative stress. For instance, a study on selective
CS and its comparison with a control group (vaginal labor)
indicated that the content of degradation products from
lipids was greater in women undergoing CS than that in
the control group (12).

Oxidative stress results from an imbalance between
the production of free radicals and active oxygen species
on the one hand and their neutralization by antioxidant
defense system on the other hand (13). The existence of
mitochondria-rich cells and free DNAs in the placenta
(14-16) can affect the abundant production of free
radical species. These free radicals play an important role
in the health of reproductive system. Oxygen radicals
influence ovarian production of estrogens, corpus luteum
function, and oocyte maturation. The main complications
of oxidative stress include impaired function of the
endothelial cells, hypertension (17), clinical symptoms of
preeclampsia (18,19), intrauterine growth restriction, and
low birth weight (20-22). Since no study has compared
the indices of oxidative stress in various delivery methods
such as CS and NVD using Entonox, this article was
conducted to measure the above-mentioned indices.
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Materials and Methods

In this case-control study, the sample size was calculated to
be 60 for each group (CS and Entonox groups; with power
of 80%, a=0.05, and odds ratio: 3) (23). Convenience
sampling method was employed to select the subjects
from the labor ward and operating room of Taleghani
hospital, Arak, Iran.

After obtaining written informed consent, venous blood
sample (5 mL) was obtained from the mothers at the end
of the second stage of labor. The inclusion criteria for the
mothers in the Entonox group were: no acute or chronic
pregnancy complications, singleton pregnancy, and
Entonox inhalation. The blood samples were collected
and sent to the laboratory for freezing and centrifugation
at the end of the first stage of labor. Moreover, 5 mL of
umbilical-cord blood was obtained after delivery.

In the CS group, 5 mL blood was obtained from the
mothers post-operative. Blood samples were also obtained
from the infants instantly after birth, before placental
expulsion, similar to the infants in the Entonox group.
Drugs used for CS and general anesthesia included 1
mg/kg of succinylcholine, 5-7 mg/kg of sodium thiopental,
10 mg of atracurium besylate, isoflurane, and 50% oxygen.
In case of any congenital defects or Apgar score of less
than 8, the neonates were excluded from the study.

After transferring the samples to the laboratory, Hu
method was used to assess the oxidation rate of the proteins,
measuring the total thiol molecules (TTMs) of plasma.
Oxidative stress decreases TTMs. Their measurement was
performed based on the Hu calorimetric method using
2,2 dithionitrobenzoic acid and Ellmans reagent. 2,2
dithionitrobenzoic acid reacts with thiol molecules and
produces a yellow complex with maximum absorbance at
412 nm (23).

The SatoH method and thiobarbituric acid (TBA) were
used to measure lipid peroxidation, the absorbance of
which was calculated at 532 nm (24). Ferric reducing ability
of plasma (FRAP) assay was used to measure serum total
antioxidant capacity. This method measures the ability of
plasma in reducing ferric ions. The diminution of ferric
to ferrous ions in an acidic pH in the presence of specific

reagents creates a blue complex, which can be measured
by spectrophotometer at 593 nm (25,26). To analyze the
data, descriptive (means) and analytical (independent ¢
test) statistics were used in SPSS, version 17.0.

Results

Mean ages of the mothers were 23.72+4.25 vyears
and 24.08+4.08 years in the CS and Entonox groups,
respectively (P=0.544). In addition, mean gestational ages
were 38.97+£0.71 weeks and 39.06+0.80 weeks in the CS
and Entonox groups, respectively (P=0.502). There was
no significant difference between the weight of newborns
in the CS (3160 +326.33 g) and Entonox (3140 +268.8 g)
groups (P=0.690). None of the mothers in the Entonox
group received oxytocin during labor.

As shown in Table 1, the means of lipid peroxidation
in the mothers in the cesarean and Entonox groups were
5.79+4.21 and 5.10+2.89 (P=0.301), respectively, while
for infants these values were 5.14+2.80 and 6.06+3.40
(P=0.111), respectively. The difference between the
groups was not significant. Other oxidative stress indices
of samples are provided in Table 1.

Discussion
Oxidative stress occurs when the balance is not maintained
between antioxidants and oxidants; in other words,
when oxidants prevail over antioxidants. Many factors
in pregnancy and childbirth affect the oxidative stress
in mothers and infants including number of deliveries
(27), and mothers’ illnesses such as diabetes (28) and
preeclampsia (29,30). It should be mentioned that the
above factors were among the exclusion criteria of the
study to assess the influence of delivery with an emphasis
on painless vaginal delivery without intervention. The
findings of this study showed that except for the maternal
total antioxidant capacity, the other oxidative stress
indices were not significantly different between 2 groups.
Total antioxidant capacity of the mothers who received
Entonox was higher compared to those undergoing CS.

A study on 20 women in 3 groups of NVD, regional
anesthesia (RA), and general anesthesia (GA) showed that

Table 1. Mean of Oxidative Stress Indices in Mothers and Newborns in 2 Modes of Delivery

Antioxidant Indices Delivery Mode N MeantSD P Value °
o ) cs 60 5.79+4.21
Lipid peroxide, nmol/mm Mother 0.301
Entonox 60 5.10+2.89
o ) cs 60 5.14+2.80
Lipid peroxide, nmol/mm Newborn 0.111
Entonox 60 6.06+3.40
CS 60 0.28+0.26
TTM, mmol/mm Mother 0.687
Entonox 60 0.26+0.24
CS 60 0.28+0.25
TTM, mmol/mm Newborn 0.293
Entonox 60 0.23+0.22
CS 60 0.76+0.51
FRAP, mmol/mm Mother 0.007
Entonox 60 1.05+0.62
CS 60 0.93£0.76
FRAP, nmol/mm Newborn 0.443
Entonox 60 1.02+0.54

2Indipendent t test <0.05 significant.
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the level of lipid degradation products in mothers was
higher in the GA group (5.99 % 1.50 nmol/mL) and lower
in the RA group (4.85+1.50 nmol/mL). In conclusion, the
least amount of oxidative stress indices, both for women
and their newborns, was found in the group giving birth
under regional (epidural) analgesia (P <0.001) (31). In the
study of Vakilian et al, comparing the elective cesarean
delivery and uncomplicated vaginal delivery showed that
lipid peroxidation and thiol were significantly higher
in vaginal delivery group than the ones in the elective
cesarean delivery group. However, there was no significant
discrepancy between 2 delivery methods as far as total
antioxidant capacity was concerned (32). These 2 studies
were not consistent with our study. The inconsistent
results are due to the varied comparisons, as the above
studies compared cesarean deliveries and various types
of anesthesia, while this study compared cesarean using
general anesthesia and Entonox gas. Increased lipid
oxidation in the studies is caused by damage to cells, as
membranes of cells contain lipid and the increased lipid
damage indicates cell damage. Reduced thiol groups
indicate cell damage in blood cells, as 95% of glutathione is
in red blood cells that helps in maintenance of hemoglobin
form. They are powerful antioxidants, which play an
important role in maintaining pregnancy and preventing
oxidative stress (33). There was no significant difference
between lipid peroxidation and thiol groups in 2 delivery
methods in this study.

As many studies show the increased oxidative stress in
cesarean deliveries (31-32), physicians should be cautious
in providing oxygen concentration (34). In this regard, one
study was conducted on 30 pregnant women to evaluate
the effect of oxygen concentration during CS under
spinal anesthesia on lipid peroxidation. In one group, the
mothers received 21% oxygen. In another groups (2 and
3), mothers received 35% and 60% oxygen, respectively.
Malondialdehyde (MDA) was measured before and after
CS in maternal and umbilical venoarterial blood samples.
MDA basal level was lower in group 1 than that in groups
2 and 3. Fetal lipid products were also significantly higher
in umbilical venoarterial blood samples in group 3 when
compared to group 1. Maternal MDA concentration in the
group receiving higher oxygen concentration was higher.
MDA level of the infants in groups 2 and 3 also increased
(34).

Our study showed no significant difference in the
oxidative stress indices between infants born through CS
and NVD using Entonox.

A study on Nigerian females aimed at studying the
impact of delivery method on the severity of oxidative
stress in umbilical cord blood showed no significant
changes in oxidative stress indices. However, total
antioxidant capacity in blood of infants with emergency
delivery was higher than that in infants born via vaginal
delivery, and lipid peroxide content in vaginal delivery
was lower than that in emergency cesarean delivery (35),

which was consistent with the findings of our study.

Another study was conducted on lipid peroxide levels
in umbilical cord bloods of 45 infants born via emergency
cesarean delivery, vaginal delivery, and elective cesarean
delivery (15 infants in each group) in Turkey. It showed
some significant changes in increased lipid peroxide levels
in the emergency and vaginal deliveries as compared with
the elective cesarean delivery in umbilical cord blood (36).
Their result was not consistent with the findings of this
study. However, a study on umbilical artery blood samples
showed that lipid peroxidation in uncomplicated NVD
was higher than that in CS. Therefore, the results showed
that high amounts of free radicals in the fetus resulted
from the function of the labor type (37). Another study
pointed out that the level of serum glutathione was greater
in mothers with NVD than that in the umbilical cord of
their infants.

Furthermore, the level of thiol groups was lower in both
mothersand theirinfants in CSversus NVD (38). Oxidative
stress status in infants is of great importance, as antioxidant
defense system is weak in the fetal and neonatal period
and it is unable to confront risky conditions. Therefore,
fetal complications such as intrauterine growth restriction
(IUGR) and brain damages among the complications may
occur (39-41).

The current study was performed on term neonates.
Future studies are recommended to probe the correlation
between oxidative stress and preterm labor. Furthermore,
this study discussed the enzymatic indices of oxidative
stress; it is proposed to conduct studies on the non-
enzymatic indices of oxidative stress including vitamin
indices.

Conclusion

Since the total antioxidant capacity was lower in CS than
that in the Entonox delivery, it seems that CS decreased
antioxidant capacity in mothers, however outcomes
for newborns were identical. It seems that antioxidant
capacity of mothers does not affect antioxidant capacity
index in their newborns.
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