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Özet: Sezaryen veya normal vajinal do¤um yapan
gebelerde amniyotik s›v› nükleer faktör-kappa B
düzeylerinin karfl›laflt›r›lmas›
Amaç: Do¤um öncesi dönemde amniyotik membranlarda meyda-
na gelen inflamatuvar de¤ifliklikler zarlar›n y›rt›lmas›nda ve do-
¤um eyleminin bafllamas›nda kritik bir öneme sahiptir. Normal va-
jinal do¤umlar ile sezaryen (C/S) do¤umlar›n zarlarda yapt›¤› inf-
lamatuvar de¤ifliklikler birbirinden farkl›d›r. Nükleer faktör-kappa
B (NF-κB) biyolojik s›v› ve dokularda inflamasyon de¤ifliminin te-
mel hücresel belirtecidir. Bu çal›flma normal vajinal do¤um olgu-
lar› ile acil olmayan C/S do¤um yapan olgular›n amniyotik s›v›
NF-κB (AF-NF-κB) konsantrasyonlar›n› karfl›laflt›rmak için plan-
lanm›flt›r. 
Yöntem: Ciddi fetal ve maternal problemi olmayan 100 tekil term
gebelik olgusu çal›flmaya dahil edildi. Gebeler her grupta 50 hasta
olmak üzere iki gruba ayr›ld›. Gebelik haftas› son adet tarihi ve ul-
trasonografi ölçümlerine göre hesapland›. Gruplar klinik koryo-
amniyonit ve erken membran rüptürü öyküsü olmayan ve normal
vajinal do¤um karar› verilen 50 hasta ve maternal veya perinatal
nedenlerle sezaryen karar› verilen 50 term gebeden oluflmakta idi.
Sezaryen veya normal vajinal do¤um s›ras›nda amniyotik s›v› ör-
nekleri al›nd›. C/S olgular›nda zarlar›n bistüri ile aç›lmas›n› taki-
ben, vajinal do¤um olgular›nda ise spontan veya artifisyel zar y›r-
t›lmas›n› takiben amniyotik s›v› örnekleri al›nd›. AF-NF-κB kon-
santrasyonlar› ELISA yöntemi ile de¤erlendirildi. 
Bulgular: Normal vajinal do¤um yap›lan gruptaki hastalar›n AF-
NF-κB düzeyleri, C/S grubundaki hastalar›n AF-NF-κB düzeyle-
rinden anlaml› düzeyde yüksek bulundu. AF-NF-κB seviyeleri
normal vajinal do¤um grubunda yaklafl›k 2 kat daha yüksekti
(1.44±0.40 ng/ mL’ye karfl› 0.71±2.60 ng/mL, p<0.001). Normal
vajinal do¤um yapan hastalarda fetal do¤um a¤›rl›¤› ile AF-NF-κB
seviyeleri aras›nda pozitif ancak anlams›z bir korelasyon saptand›.
C/S ile do¤um yapan hastalar›n AF-NF-κB düzeyleri ile demogra-
fik ve klinik özellikleri aras›nda anlaml› bir iliflki saptanmad›. 
Sonuç: Normal vajinal do¤um C/S olgular›na göre artm›fl AF-
NF-κB konsantrasyonlar› ile iliflkilidir. AF-NF-κB düzeyleri
spontan fetal membran rüptürünün potansiyel bir prediktörü gibi
görünmektedir. 

Anahtar sözcükler: Amniyotik s›v›, NF-κB, normal vajinal do¤um,
sezaryen.

Correspondence: Suat Süphan Erflahin, MD. Department of Obstetrics and Gynecology, Faculty of Medicine, Alt›nbafl University, ‹stanbul, Turkey. 
e-mail: suphanersahin@hotmail.com / Received: November 9, 2020; Accepted: January 4, 2021
How to cite this article: Erflahin SS. The comparison of amniotic fluid nuclear factor-kappa B levels in pregnant women who underwent cesarean section
or normal vaginal labor. Perinatal Journal 2021;29(1):8–12. doi:10.2399/prn.21.0291002

Original Article

Perinatal Journal 2021;29(1):8–12
©2021 Perinatal Medicine Foundation 

�
�

�
� �

� � � 	 
 � �
�

�
�

	

�
�

�

� �
� � � 	 
 � �

�
�

�
	

Abstract

Objective: Inflammatory changes in the amniotic membranes dur-
ing prenatal period have a critical important in the rupture of mem-
branes and the onset of labor. The inflammatory changes in the
membranes caused by normal vaginal labors and cesarean sections
(C/S) are different than each other. Nuclear factor-kappa B (Nf- κB)
is the basic cellular marker of the inflammation change in biological
fluids and tissues. We planned this study to compare amniotic fluid
NF-κB (AF-NF-κB) concentrations in normal vaginal labor cases
and those who underwent non-emergency C/S. 
Methods: One-hundred singleton term pregnant women who did
not have any serious fetal and maternal problems were included in
the study. The pregnant women were separated into two groups,
which contained 50 cases each. The week of gestation was calculated
according to the last menstrual period and ultrasonography measure-
ments. The groups included 50 patients who did not have the histo-
ry of clinical chorioamnionitis and preterm premature rupture of
membranes and were decided to have normal vaginal labor, and 50
term pregnant women who were decided to have cesarean section
due to maternal or perinatal reasons. The amniotic fluid samples
were collected during cesarean section or normal vaginal labor. After
opening the membranes by scalpel in C/S cases and following spon-
taneous or artificial membrane rupture in vaginal labor cases, the
amniotic fluid samples were collected. AF-NF-κB concentrations
were evaluated by ELISA method. 
Results: AF-NF-κB levels of the patients in the group of normal vagi-
nal labor were significantly higher than AF-NF-κB levels of the
patients in C/S group. AF-NF-κB levels were about 2 times higher in
the group of normal vaginal labor (1.44±0.40 ng/ mL vs. 0.71±2.60
ng/mL, p<0.001). There was a positive but insignificant correlation
between the fetal birth weight and AF-NF-κB levels in the patients
who underwent normal vaginal labor. There was no significant corre-
lation between AF-NF-κB levels and demographic and clinical char-
acteristics of the patients who underwent labor by C/S. 
Conclusion: Normal vaginal labor is associated with the increased AF-
NF-κB concentrations compared to C/S cases. AF-NF-κB levels seem
to be a potential predictor for the spontaneous fetal membrane rupture. 

Keywords: Amniotic fluid, NF-κB, normal vaginal labor, cesarean
section.
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Introduction
The correlation between inflammation and nuclear
factor-kappa B (NF-κB) has led us to change our
knowledge on how physiological process works. NF-
κB is a molecule which exists in all cells and biological
fluids in physiological amounts and is the major mark-
er of cellular inflammation. Its presence in amniotic
fluid is a known fact. NF-κB is a molecule consisting of
homodimers and heterodimers, and it has five sub-
units. The sub-units are p50/p105 (NF-κB1),
p52/p100 (NF-κB2), p65 (RelA), c-Rel, and RelB.[1,2]

The activation of any sub-unit by local or systemic
stimuli activates the transcription of many inflammato-
ry genes. NF-κB dimers are located in cell cytoplasm
in a way attached to kappa B protein a (IκBa) inhibitor
which blocks nuclear translocation of NF-κB.
Following the extracellular signals or inflammatory
stimulus, NF-κB1 (p105) gets into the nucleus and
transforms into p50 by binding to DNA. This binding
causes IκBa phosphorylation and enables NF-κB[2–4]

release. The released dimers bind to DNA, reach the
nucleus and activate various inflammatory pathways.[5,6]

The inflammatory changes in amniotic membranes
during prenatal period have a critical importance in the
rupture of membranes and the onset of labor. The
basic enzymes which have a role in the rupture of
amniotic membranes are metalloproteinase urokinase
type plasminogen activator and tissue plasminogen
activator.[7,8] The relationship between these enzymes
and NF-κB levels are shown in other systems.[1–4] On
the other hand, no study was found in the literature
addressed on the changes of amniotic fluid NF-κB
(AF-NF-κB) levels in normal labor and cesarean sec-
tion labor cases.[9,10] The differences caused by normal
labor and C/S labor on amniotic fluids and membranes
are different from each other. For the onset of normal
labor, both enzymatic degradations and inflammatory
reactions should increase in the amniotic mem-
branes.[10] On the other hand, the changes occurring in
amniotic fluids and membranes would be less distinct
as most of the C/S procedures are carried out before
the onset of labor.

Inflammatory reactions developing in the amniotic
membranes are the basic mechanisms for cervical dila-
tion, the rupture of membrane and the onset of labor.
The inflammatory changes on the membranes caused
by normal vaginal labors and C/S labors are different

from each other. NF-κB is the basic cellular marker of
inflammation change in biological fluids and tissues.
We planned this study to compare AF-NF-κB concen-
trations in normal vaginal labor cases and those who
underwent non-emergency C/S. This would be the
first study investigating the differences between nor-
mal labors and C/S labors caused by inflammatory
reactions in the amniotic fluids.

Methods
Fifty patients who did not have the history of clinical
chorioamnionitis and preterm premature rupture of
membranes (PPROM) and were decided to have normal
vaginal labor, and 50 term pregnant women who were
decided to have cesarean section due to maternal or peri-
natal reasons were included in the study. All patients
included in the study were chosen from those with sin-
gleton pregnancy. Multiple pregnancy cases were
excluded from the study. Gestational age was deter-
mined by using two different methods, which were the
last menstrual period and prenatal ultrasound examina-
tion at the first 14 weeks of gestation. The cases with
PPROM history, emergency C/S cases, the patients with
placenta previa or ablatio placentae, the patients with the
history of diabetes mellitus or gestational diabetes melli-
tus and those decided to have C/S due to preeclampsia
and eclampsia were excluded from the study. The
patients with the history of systemic inflammatory dis-
ease or recurrent urinary infection were also excluded
from the study. The cases who were decided to have nor-
mal vaginal labor but switched to C/S due to obstetric or
perinatal reasons were excluded from the study as well.
In normal vaginal labor cases, amniotic fluid samples
were collected following spontaneous membrane rup-
ture or artificial membrane rupture. The membranes
were ruptured artificially in most of the cases in order to
standardize sample collecting. The patients who had
spontaneous membrane rupture at home and applied to
hospital for labor were excluded from the study. In most
of the normal vaginal labor cases, cervical dilation
occurred at 5–6 cm, and the effacement recorded was
about 70–80%. In the breech presentation cases, cervical
canal changes were not included in the study as they
were different than cephalic presentation. In C/S cases,
amniotic fluid samples were collected after fetal mem-
branes were incised and before fetal part was removed by
hand. It was paid attention not to contaminate the sam-
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ples by blood. The samples containing high levels of
blood and vernix caseosa were not included in the study.
The samples containing middle levels of blood and
vernix caseosa were included in the study after centrifug-
ing them.

NF-κB1 (p105) analysis in the amniotic fluid by
ELISA method

Amniotic fluid NF-κB1 (p105) sub-unit concentrations
were measured by enzyme-linked immunosorbent
assay (ELISA) in all cases of normal labor and C/S.
This immunological test kit (USCN Life Sci Inc,
Wuhan, China) is used for the in vitro quantitative
assay of human NF-κB1 (p105) concentrations in
serum, plasma, urine, tissue homogenates and other
biological fluids. Amniotic fluid sample was treated by
phosphate buffered saline to remove vernix caseosa and
blood. Then AF samples were kept -20°C until analy-
sis after centrifuging them at 3000 rpm for 5 minutes.
AF-NF-κB levels were analyzed according to the
method specified in the kit. The detection range of the
kit is between 0.312 and 20 ng/mL. The intra-assay
and inter-assay variation coefficients for AF-NF-κB1
(p105) were found <10% and <12%, respectively. The
results were presented as ng/mL.

Statistical analysis

SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, USA) was
used for the statistical analysis. The data were tested by
Kolmogorov-Smirnov test to check if they had normal
distribution, and all variables were found to be normal.
While constant variables were analyzed by post-hoc
Tukey procedure, variance analysis test and Mann-
Whitney U test while the categorical data were analyzed
by Pearson chi-square test. Pearson’s correlation analy-
sis was used to determine the correlation between AF-
NF-κB levels and other parameters. The value of p<.05

was considered as the significance level. The results were
presented as mean±SD.

Results
The demographic and laboratory characteristics of the
patients who delivered by normal vaginal labor or C/S are
shown in the Table 1. There was no difference between
the groups in terms of age, week of gestation, fetal birth
weight, gravida and parity. AF-NF-κB levels of the
patients in the group of normal vaginal labor were found
significantly higher than AF-NF-κB levels of the patients
in the C/S group (p<0.001). AF-NF-κB levels were
approximately 2 times higher in the group of normal
vaginal labor than the patients in the C/S group
(1.44±0.40 ng/mL vs. 0.71±2.60 ng/mL, p<0.001). A pos-
itive correlation was found between fetal birth weight and
AF-NF-κB levels in the group of normal vaginal labor.
However, this correlation had a low r value and was not
statistically significant (r=0.34, p<0.40). Similarly, there
was no significant correlation between AF-NF-κB levels
and maternal and fetal parameters in the C/S group.

Discussion
The mechanisms initializing labor in human have been
unclear. However, there is a known fact that the labor is
a process that multiple systems work in a coordinated
way. The collective actions of mother, fetus and its com-
ponents merge in a single pathway, which is called
inflammatory pathway. A distinct increase occur in the
synthesis and release of placental corticotropin releasing
hormone towards the end of pregnancy. This increase
stimulates the synthesis of many inflammatory mole-
cules, and prostaglandins in particular. The activation of
inflammatory reactions stimulates MMPs, uPA and tPA
enzymes which exist in the fetal membranes intensively,

Table 1. Demographic and laboratory characteristics of the patients who delivered by normal vaginal labor and cesarean section (C/S). 

Normal vaginal labor (n=50) Labor by C/S (n=50) p-value

Age (year) 29.13±0.33 28.02±1.09 0.33

Gravida 3.17±0.40 2.23±0.40 0.13

Parity 2.30±9.43 1.77±0.40 0.09

Week of gestation 37.60±9.77 37.11±9.42 0.54

Fetal weight (gram) 2987.12±123.1 2885.34±233.4 0.59

AF-NF-κB (ng/mL) 1.44±0.40 0.71±2.60 0.001
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resulting in the weakening and the rupture of fetal mem-
branes.[7,8] NF-κB, which is in the cell cytoplasm during
prenatal period in an inhibited state, is activated by hor-
monal and local stimulations which initiate the labor.[1–4]

The cytokines, prostaglandins, nitric oxide and steroid
hormones which intensify in fetal membranes and amni-
otic fluid during the prenatal period are the basic stimuli
increasing the local synthesis of NF-κB in fetal mem-
branes.[11] The increase of cytokines in fetal membranes
and amniotic fluid stimulates NF-κB and enables it to
get into nucleus.[4–7] After reaching nucleus, NF-κB caus-
es the activation of many target genes and inflammation
peak via some proteins. The common and final result of
all these reactions is the rupture of fetal membranes. In
our study, we found that the AF-NF-κB levels of the
normal labor cases were two times higher than the AF-
NF-κB levels of the C/S cases. The reason for the lower
NF-κB levels in C/S group than the normal vaginal
labor group may be their non-exposure to the active
labor. This information makes us strongly think that the
labor should start in order for the inflammatory process
to start in fetal membranes and amniotic fluid.

We clearly showed in our study that NF-κB levels,
which is the basic inflammatory marker, are significant-
ly higher in the amniotic fluid of the cases who under-
went normal vaginal labor than those of C/S cases. This
elevation in NF-κB levels is the clear sign showing that
normal labor occurred as a result of an inflammatory
process. Non-presence of any correlation between AF-
NF-κB levels and obstetric and demographic parameters
indicates that NF-κB synthesis and release have a unique
and independent functionality.

We do not know when the intensive increase seen in
AF-NF-κB levels starts and what is the basic triggering
mechanism. The increase in the synthesis and release of
cytokines, prostaglandins, nitric oxide and sex steroids
before labor can be the beginning of extracellular matrix
and collagen degradation.[7,8,11] These enzymes trigger the
synthesis and release of NF-κB both in fetal membranes
and amniotic fluid. At physiological level, local infection
and microbiota invasion also causes chorioamnionitis
and stimulates NF-κB synthesis.[2–4] NF-κB leads to the
rupture of membranes and the onset of labor by reach-
ing critical threshold in the fetal components and amni-
otic fluid.[5,6]

One of the major limitations of the study is the
exclusion of the cases who switched to C/S due to
obstetric or perinatal reasons although they were

planned to have normal vaginal labor. In fact, if it was
possible to evaluate these cases as a separate group, the
correlation between AF-NF-κB levels and the duration
spent during labor could be presented. Studies assessing
such patients who had to switch to C/S are needed in
order to determine the impact of enzymatic changes and
inflammatory conditions occurring in cervix and mem-
branes during labor on NF-κB levels. In this way, it can
be revealed if the change in NF-κB levels is associated
with labor or not.

If NF-κB expression levels are responsible for the
rupture of amniotic membranes in term labors, the same
mechanism may also be responsible for preterm labor
and premature rupture of membranes. Chorioamnionitis
is one of the major underlying reasons for both preterm
labor and premature rupture of membranes. The infec-
tions of decidua and amnio-chorionic membranes stim-
ulate NF-κB expression and may lead to the inflamma-
tion and then rupture of membranes. The rupture of
membrane may be associated with the injury of collagen
structure due to increased inflammatory cytokines, and
cytokines may cause preterm labor or premature rupture
of membranes by blocking progesterone receptors and
stimulating prostaglandin synthesis. There is no study
investigating AF-NF-κB levels in PPROM cases. If it
can be confirmed that AF-NF-κB levels increase in the
cases of preterm labor and premature rupture of mem-
branes, it may enable new options to be included in our
clinical practice for the follow-up and treatment proce-
dures of the cases. There may be opportunities to use
NF-κB inhibitors in the preterm labor and premature
rupture of membranes for that purpose.

Conclusion
In our study, we confirmed the hypothesis asserting that
the inflammatory pathways work more actively in the
cases of normal vaginal labor compared to C/S cases and
initiate labor by enabling the spontaneous rupture of
fetal membranes by scientific data. Conducting studies
which investigate the relationships between NF-κB lev-
els and post-term pregnancies and PPROM cases would
help to understand the role of NF-κB in human labor
better. Making the relationship between NF-κB path-
way and labor clearer would provide following opportu-
nities for obstetricians: (i) the use of NF-κB activators in
the management of post-term pregnancies, (ii) prevent-
ing early activation of NF-κB pathway, (iii) addressing
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the use of NF-κB analogues for the induction of preg-
nancies. In conclusion, more comprehensive studies are
required to use AF-NF-κB levels routinely in normal
labors, C/S, PPROM and complicated pregnancies.
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