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Abstract
Purpose  Labor is a complex process involving multiple para-, auto- and endocrine cascades. The interaction of cortisol, 
corticotropin-releasing hormone (CRH) and progesterone is essential. The action of cortisol on the human feto-placental 
unit is regulated by 11beta-hydroxysteroid dehydrogenase type 2 (11β-HSD2/HSD11B2) that converts cortisol into inactive 
cortisone. The majority of studies on the assessment of placental 11β-HSD2 function determined indirect activity param-
eters. It remains elusive if indirect measurements correlate with enzymatic function and if these parameters are affected by 
potential confounders (e.g., mode of delivery). Thus, we compared determinants of indirect 11β-HSD2 tissue activity with 
its direct enzymatic turnover rate in placental samples from spontaneous births and cesarean (C)-sections.
Methods  Using LC–MS/MS, we determined CRH, cortisol, cortisone, progesterone and 17-hydroxy(OH)-progesterone in 
human term placentas (spontaneous birth vs. C-section, n = 5 each) and measured the enzymatic glucocorticoid conversion 
rates in placental microsomes. Expression of HSD11B1, 2 and CRH was determined via qRT-PCR in the same samples.
Results  Cortisol–cortisone ratio correlated with direct microsomal enzymatic turnover. While this observation seemed 
independent of sampling site, a strong influence of mode of delivery on tissue steroids was observed. The mRNA expression 
of HSD11B2 correlated with indirect and direct cortisol turnover rates in C-section placentas only. In contrast to C-sections, 
CRH, cortisol and cortisone levels were significantly increased in placental samples following spontaneous birth.
Conclusion  Labor involves a series of complex hormonal processes including activation of placental CRH and glucocorticoid 
metabolism. This has to be taken into account when selecting human cohorts for comparative analysis of placental steroids.
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Introduction

Labor strongly influences the human placental transcrip-
tome [1–3] and post-transcriptional modifications like the 
phosphorylation of central signaling nexus, e.g., mammalian 
target of rapamycin (mTOR) [4]. It is further associated with 
progressive oxidative stress consistent with ischemia–rep-
erfusion injury and induces the release of angiogenic, pro-
inflammatory cytokines and pro-apoptotic factors in the 
human placenta [3]. So far, it remains elusive whether these 
labor-associated changes are a cause of labor onset and pro-
gress or simply an effect of labor, or both [1].

All of the above described placental processes are sig-
nificantly influenced by the cross talk of the major endo-
crine regulators of labor, e.g., corticotropin-releasing hor-
mone (CRH) and glucocorticoids, as well as progesterone 
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and estradiol (E2) and are assumed to have relevant clinical 
impact for a healthy pregnancy [5, 6]. CRH is an impor-
tant regulator of fetal growth via maintenance of placental 
glucose homeostasis. It further controls the timing of birth 
by influencing contractile properties of the myometrium 
via its interaction with progesterone and prostaglandin H2 
synthase-2 [1, 7–11]. CRH levels rise during pregnancy 
and its expression increases significantly during labor [1]. 
CRH further controls fetal organ maturation by regulat-
ing placental 11beta-hydroxy-steroid dehydrogenase type 
2 (11β-HSD2/HSD11B2) expression, and inducing fetal 
adrenocorticotropic hormone (ACTH) release [12]. This 
comprises a feedback loop that essentially depends on the 
rate of materno-fetal cortisol transport, which in turn is 
limited by the enzymatic activity of placental 11β-HSD2 
[9] converting cortisol (F) to cortisone (E) and corticos-
terone (B) to dehydrocorticosterone (A).

However, while 11β-HSD2 and CRH are important regu-
lators of the above endocrine feedback loops that lead to 
labor induction and fetal maturation, it yet remains unknown 
(1) as to what degree labor itself might influence placental 
cortisol metabolism, (2) how to reliably asses the activity 
of 11β-HSD2 in placental tissue and (3) how labor affects 
the CRH and cortisol relation. There is a multitude of pre-
vious studies (e.g., [13]), including our own [14, 15], that 
have assessed placental 11β-HSD2 activity by determining 
its mRNA expression levels. So far, it remains unknown, 
if different indirect measurements of 11β-HSD2 activity 
(i.e., qRT-PCR and tissue steroid levels) show comparable 
results and if these accurately reflect the direct enzymatic 
activity in the placenta. We have established an LC–MS/
MS-based method for the analysis of 11β-HSD2 activity in 
rodent and human placental tissue [16, 17]. This method 
enables indirect (cortisol/cortisone ratio) and direct (in 
vitro measurement of cortisol conversion following tissue 
extraction of microsomal 11β-HSD2) determination of 11β-
HSD2 activity. The use of LC–MS/MS shows advantages 
over classic (radiolabeled) immunoassays, as it improves 
sample handling, reduces matrix effects, allows for high-
throughput analysis and offers the possibility of studying 
multiple steroids simultaneously [16]. Moreover it permits 
the concomitant quantification of placental CRH [16, 17]. 
Thus, we set out to analyze the relation of indirect and direct 

indicators of 11β-HSD2 activity under the influence of labor 
by means of qPCR and LC–MS/MS.

Materials and methods

Cohort

Five term placentas from elective (non-emergency) singleton 
Cesarean (C-) sections (breach positions, re-sections) before 
the onset of labor and five term placentas from singleton 
spontaneous births were collected immediately after birth. 
The range of gestational age was 37 + 5 to 40 + 3 weeks and 
the mean maternal age was 35.3 years. Detailed patient char-
acteristics are given in Table 1. All participating mothers 
and their newborns were healthy. No pregnancy complica-
tion or history of gestational disease was present.

Ethics

All participants gave their written informed consent with 
the approval by the Ethics Committee of the University of 
Erlangen-Nuremberg (#2625 02/28/02). All procedures were 
carried out in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for 
experiments involving humans.

Sample collection

After removal of decidua and fetal membranes, placental 
tissue (~ 8 g per sample, mid-depth) was obtained from six 
non-calcified placental areas with increasing distance to the 
umbilical cord (central/medial/peripheral), as previously 
described [17, 18]. All collected samples were immediately 
snap-frozen in liquid nitrogen and stored at − 80 °C until 
further use.

Placental tissue steroid profiling

Placental tissue steroid profiling (indirect determination of 
HSD11B-activity) and CRH measurement were performed 
applying our established LC–MS/MS method, as described 
by us in detail elsewhere [16, 17]. Fractions from each of 
the three placental samples (total of 3 × 5 samples per group) 

Table 1   Clinical characteristics 
of pregnancies by labor groups

Spontaneous birth (n = 5) Cesarean section (n = 5)

Maternal age in years median (range) 33 (27–37) 35 (30–38)
Sex (number female/male) 3/2 2/3
Placental weight in grams median (range) 500 (480–580) 520 (430–560)
Birth weight in grams median (range) 3400 (3100–3660) 3510 (2960–3620)
Length at birth in cm median (range) 51 (50–52) 55 (48–56)
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were used. In short, per 0.5 g of tissue, 1.02 ml of ethanol 
containing 20 µl/ml proteinase-inhibitor cocktail (COM-
PLETE, Roche Diagnostics Deutschland GmbH, Penzberg, 
Germany) was added. Tissues were homogenized at 4 °C 
using a Precellys® Ceramic Kit on a Precellys® 24 tissue 
grinder equipped with a Cryolys-module for liquid nitro-
gen cooling (Peqlab, Erlangen, Germany). Conditions were 
6 × 30 s at 224×g with an inter-cycle pause of 40 s. Subse-
quently, samples were ultrasonicated on ice (UW2070, Ban-
delin Electronic, Berlin, Germany) (settings: cycle 5, power 
50%, 40 s). The homogenized samples were transferred into 
Eppendorf LoBind tubes (Fisher Scientific GmbH, Schw-
erte, Germany). After centrifugation for 10 min (23,000×g, 
4 °C), the supernatant was used for further analysis.

Determination of placental tissue 11β‑HSD2 activity

The direct analysis of 11β-HSD2-enzymatic activity required 
the removal of a ~ 2.5 g fraction from each of the three sam-
ples (total of 3 × 5 samples per group) for the extraction of 
microsomes. A detailed description of the used extraction 
method was published by Lakshmi and Monder [19] and 
involves the differential centrifugation of tissue lysates. 11β-
HSD2 activity was measured by LC–MS/MS [16, 20].

LC–MS/MS

LC–MS/MS analysis has been previously described by us 
[16, 17, 20]. In short, the autosampler was a CTC PAL-LC 
System (CTC Analytics, Zwingen, Switzerland), and for 
LC–MS/MS analysis a Triple-Quadrupol Mass spectrom-
eter was used (API 4000 QTrap, Applied Biosystems, MDS 
SCIEX, Darmstadt, Germany). LC–MS/MS data analy-
sis was performed using Analyst Software (Version 1.6.2, 
Applied Biosystems/MDS SCIEX, Darmstadt, Germany).

RNA extraction and qRT‑PCR analysis

RNA was extracted from placental tissues using peqGOLD 
TriFast (VWR, Darmstadt, Germany) and the chloro-
form–phenol extraction method [18]. RNA was treated with 
DNase I (Roche, Mannheim, Germany) and transcribed to 
cDNA using the High-Capacity-cDNA-Reverse-Transcrip-
tion kit (Thermo Fisher, Darmstadt, Germany). Quantifica-
tion of mRNA expression was performed by quantitative 
Realtime PCR (qRT-PCR) as previously described [21]. 
40 ng of placental cDNA was used. Both 18srRNA and 
GAPDH expression was analyzed and used as housekeep-
ing gene. qRT-PCR analysis was performed using the SYBR 
select master mix (Thermo Fisher, Darmstadt, Germany) 
The primer sequences were as follows: HSD11B2_fwd ACC​
AAA​CCA​GGA​GAC​ATT​AG, HSD11B2_rev TCA​GCA​ACT​
ATT​CAT​TGT​G, HSD11B1_fwd ACC​ACC​TTC​TGT​AGA​

GTT​TC, HSD11B1_rev AGA​GAG​ATG​GCT​TAT​CAT​CTG, 
CRH_fwd CCG​TTT​CCA​GGT​GTT​TAT​AG, CRH_rev AGA​
TTT​AGT​CTT​ACC​CAC​CC, 18srRNA_fwd AGA​TTT​AGT​
CTT​ACC​CAC​CC 18srRNA_rev GGC​CTC​ACT​AAA​CCA​
TCC​AA, GAPDH_fwd CTC​TGC​TGT​AGG​CTC​ATT​TGC, 
GAPDH_rev ACC​AAA​GTT​GTC​ATG​GAT​GACCT.

Statistical analysis

Statistical analysis was performed with SPSS® Version 
25 (SPSS Inc., Chicago, IL, USA). For normalization of 
data, measurements were log-transformed, as previously 
described [22]. All values are presented as mean ± SEM. 
For all parameters, the measurements (sampling location 
central, medial and peripheral) in the diagnostic subgroups 
(mode of delivery and sex of newborn) were compared using 
two-way ANOVA. Possible dependencies were also shown 
with the correlation analysis. The limit of significance was 
set at a p value of < 0.05.

Results

We analyzed the correlation of direct (microsomal turno-
ver) and indirect (qRT-PCR, glucocorticoid ratios) measures 
of 11β-HSD2 activity in placentas from spontaneous and 
C-section births (Suppl. Table 1). Of each patient, biop-
sies from the central (close to the umbilical cord), medial 
and peripheral area of the placenta were evaluated (Suppl. 
Table 2 and Suppl. Table 3). The results are displayed in 
Fig. 1. The expected correlation values are presented as 
“+” for positive correlation and “−” for negative correla-
tion (Fig. 1a). As shown in Fig. 1a, should these indices of 
11β-HSD2 activity be mutually utilizable, one would expect 
a positive correlation of HSD11B2 mRNA expression with 
11β-HSD2 microsomal turnover rate and a negative correla-
tion of these two parameters with the cortisol/cortisone ratio. 
The observed correlation coefficient for HSD11B2 mRNA 
with 11β-HSD2 activity was 0.936 for the C-section cohort 
and 0.151 for the spontaneous birth cohort (Fig. 1a). Simi-
larly, and in concordance with the expected correlation, the 
cortisol/cortisone ratio measured in placentas from C-sec-
tions correlated negatively with HSD11B2 mRNA levels 
(r = − 0.743) and with the 11β-HSD2 activity (r = − 0.641, 
Fig. 1a, b). In contrast, no correlation between all meas-
ured parameters was detected in placentas from spontaneous 
delivery (Fig. 1a, b).

To further define whether potential confounders, i.e., 
mode of delivery, sex or sampling site, influenced direct 
or indirect measures of 11β-HSD2 activity, we per-
formed an analysis of variance. The mode of delivery 
(Suppl. Table 1) had significant influence on both cortisol 
(p < 0.033) and cortisone (p < 0.009) levels, as well as on 



404	 Archives of Gynecology and Obstetrics (2021) 303:401–408

1 3

the ratio of the glucocorticoids corticosterone and dehy-
drocorticosterone (p < 0.016) (Table 2). In line with this 
finding, the mode of delivery had a significant influence 
on the placental turnover rate of dehydrocorticosterone by 
11β-HSD1 (p < 0.037). Interestingly, the mode of delivery 
did not exert a significant influence on qPCR measurement 
of CRH and HSD11B1 and 2. While placental turnover of 
cortisol by 11β-HSD2 showed a trend (p < 0.067), 11β-
HSD2 microsomal activity seemed generally unaffected by 
the mode of delivery (Table 2 and Suppl. Table 1).

In our study, the sex of the newborn seemed to signifi-
cantly influence corticosterone levels (p < 0.050), as deter-
mined by tissue LC–MS/MS (Table 2 and Suppl. Table 4). 
A significant sampling site-related influence was observed 
for 11β-HSD2 turnover of inactive to active glucocorti-
coids only (Table 2).

Discussion

In the last decades, endocrine research has greatly contrib-
uted to the understanding of para- and autocrine events at 
the level of the placenta, thereby giving rise to obstetric 
treatment options to maintain pregnancy. Cortisol, CRH 
and progesterone were identified to be among the key hor-
monal players of labor and parturition [5]. So far, how-
ever, analysis of their action mainly involves the serum 
measurement of each hormone separately. To overcome 
this limitation, we have established an LC–MS/MS-based 
steroid hormone analysis and determination of CRH in 
human and rat placental tissue [17]. This high-throughput 
method offers a highly sensitive and specific detection of 
multiple hormones in a single probe using the same assay 

Fig. 1   Pearson correlation of direct and indirect measures of 
HSD11B2 activity. A Expected and observed Pearson correlation 
coefficients are presented for correlation of HSD11B2 mRNA expres-
sion (qRT-PCR), 11β-HSD2 activity directly measured by microso-
mal turnover and cortisol/cortisone ratios (LC–MS/MS). “+” rep-
resents a positive correlation, “−”a negative correlation. Pearson 
correlation coefficients of measures in placentas from spontaneous 
birth are marked red and those from cesarean section (C-section) 

black. B Dot blot diagrams are presented of spontaneous birth and 
C-section cases (n = 5 each), for measures of HSD11B2 mRNA and 
activity levels (a), HSD11B2 mRNA and cortisol/cortisone ratios (b) 
and 11β-HSD2activity and cortisol/cortisone ratios (c). Three placen-
tal samples per case were analyzed from different placental regions 
(central, medial, distal) and are represented by dots with matching 
color
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and facilitates the subsequent analysis of complex local 
hormone cascades.

Using microsomal enzymatic cortisol turnover as direct 
measurement for placental 11β-HSD2 activity, indirect 
(qRT-PCR, tissue steroid levels) determinants of placental 
glucocorticoid metabolism were compared with those direct 
measurements considering the influence of labor.

Our results show a relevant effect of labor on placental 
glucocorticoid metabolism, leading to perturbation of the 
correlations of direct and indirect parameters of 11β-HSD2 
activity otherwise seen in placentas from C-sections before 
the onset of labor. Especially, cortisone and cortisol val-
ues were significantly influenced by labor. In comparison 
to placentas from C-sections, placental tissue from spon-
taneous births had significantly lower levels of cortisol and 

increased levels of cortisone. This emphasizes the impact 
of labor on placental cortisol metabolism and further under-
lines the importance of taking the mode of delivery into 
account when analyzing metabolic changes during birth. 
This goes in line with a former study analyzing maternal 
stress and placental function at birth by quantifying cortisol 
and cortisone concentrations [23]. The main finding of this 
study was an association of pregnancy-related anxiety and 
fetal cortisol exposure. This correlation, however, was not 
significant when stratified by delivery mode, which indi-
cated that the mode of delivery can be a significant bias 
and has to be taken into account when analyzing metabolic 
changes [23]. Similarly, it was shown earlier that placental 
gene expression changes significantly during labor, which 
leads to a differential expression of over 351 genes when 

Table 2   Log mean of steroid measurement

*nmol/g(tissue); **ng/g(tissue); ***nmol/g (protein) * min−1; **** ratio relative to r18S; SEM, standard error of the mean, ln, logarithm, p val-
ues ≤ 0.05 are presented in bold, §Greenhouse–Geisser correction

Total Mode of delivery Sex of newborn

Spontaneous 
(n = 5); ln 
mean ± SEM

C-section 
(n = 5); ln 
mean ± SEM

p Value Male 
(n = 5); ln 
mean ± SEM

Female 
(n = 5); ln 
mean ± SEM

p value

Medial-
to-lateral

Mode of 
delivery

Medial-
to-lateral

Sex of 
newborn

Tissue steroids
 Cortisol (F)* − 4.45 ± 0.20 − 4.05 ± 0.24 − 4.86 ± 0.20 0.327 0.033 − 4.18 ± 0.31 − 4.73 ± 0.22 0.346 0.178
 Cortisone (E)* 0.26 ± 0.07 + 0.42 ± 0.05 + 0.09 ± 0.08 0.656 0.009 0.22 ± 0.13 0.29 ± 0.07 0.746 0.670
 Ratio F/E − 4.71 ± 0.17 − 4.47 ± 0.20 − 4.95 ± 0.25 0.323 0.170 − 4.40 ± 0.24 − 5-02 ± 0.17 0.368 0.066
 Corticosterone 

(B)*
− 5.67 ± 0.15 − 5.43 ± 0.24 − 5.91 ± 0.12 0.991 0.120 − 5.39 ± 0.22 − 5.95 ± 0.11 0.988 0.050

 Dehydrocor-
ticosterone 
(A)*

− 1.87 ± 0.17 − 1.47 ± 0.17 − 2.26 ± 0.15 0.685 0.009 − 1.95 ± 0.32 − 1-78 ± 0.16 0.661 0.648

 Ratio B/A 3.31 ± 0.28 + 3.92 ± 0.35 + 2.70 ± 0.20 0.719 0.016§ 3.12 ± 0.49 3.49 ± 0.29 0.726 0.533
 CRH** 2.75 ± 0.19 + 2.67 ± 0.29 + 2.82 ± 0.27 0.872 0.718 2.62 ± 0.25 2.88 ± 0.30 0.865 0.537
 Progesterone* 1.86 ± 0.07 + 1.84 ± 0.15 + 1.87 ± 0.03 0.202 0.877 1.77 ± 0.90 1.94 ± 0.11 0.190 0.278
 17OH-Proges-

terone*
− 2.18 ± 0.13 − 2.32 ± 0.22 − 2.03 ± 0.12 0.497 0.286 − 2.05 ± 0.21 − 2.29 ± 0.15 0.472 0.396

Microsomal
 11β-HSD2 (F) 

turnover***
3.76 ± 0.18 + 3.45 ± 0.21 +  4.08 ± 0.22 0.658 0.067 3.81 ± 0.25 3.71 ± 0.27 0.646 0.802

 11β-HSD2 (B) 
turnover***

3.43 ± 0 23 + 3.09 ± 0.32 +  3.79 ± 0.27 0.158 0.133 3.70 ± 0.35 3.17 ± 0.28 0.077 0.272

 11β-HSD1 (E) 
turnover***

− 0.56 ± 0.21 + 0.06 ± 0.27 − 0.17 ± 0.34 0.039 0.625 − 0.04 ± 0.38 − 0.07 ± 0.19 0.027 0.957

 11β-HSD1 (A) 
turnover***

1.09 ± 0.12 + 1.33 ± 0.14 + 0.86 ± 0.13 0.060 0.037 1.23 ± 0.78 0.95 ± 0.17 0.028 0.273

qPCR
 CRH 

(mRNA)****
0.44 ± 0 78 + 1.40 ± 1.45 + 0.53 ± 0.42 0.892 0.236 0.92 ± 1.46 − 0.05 ± 0.70 0.884 0.565

 HSD11B1 
(mRNA)****

2.43 ± 0.53 + 2.81 ± 1.03 +  2.05 ± 0.33 0.090 0.502 2.70 ± 0.85 2.15 ± 0.71 0.064 0.628

 HSD11B2 
(mRNA)****

0.78 ± 0.38 + 1.27 ± 0.71 + 0.29 ± 0.17 0.402 0.217 0.86 ± 0 63 0 71 ± 0.51 0.361 0.858
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compared to C-section pregnancies [1]. This also included 
genes of the cortisol pathway and steroid metabolism [1, 24]. 
Moreover, labor is known to be a strong activator of stress-
response signaling pathways found in the placenta [25]. In 
addition to our tissue-specific findings of labor-related ster-
oid changes, the mode of delivery also seems to influence 
fetal steroid concentration in the umbilical blood [26]. For 
further studies, it could be of interest to analyze whether 
specific stress reducing interventions (e.g., mindfulness-
based stress reduction) during pregnancy and labor have the 
potential to reduce activators of the placental stress-response 
signaling pathway [27].

Besides analysis of the labor-induced effect, we addition-
ally evaluated the potential confounders’ sampling site and 
sex. However, statistical analysis did not identify sampling 
site or sex as relevant confounders in this context. Significant 
differences were observed solely for corticosterone (sex) 
and 11β-HSD1 turnover (sampling site). Sampling site is a 
well-known influencing factor on gene expression patterns 
and, thus, has to be evaluated carefully during tissue sam-
pling [28, 29]. Even though there are many differentially 
expressed genes within the placental regions, the impact of 
placental sampling site on parameters of the glucocorticoid 
metabolism is largely unknown. However, in contrast to our 
findings, others have found sex as an important influencing 
factor on placental expression of, e.g., glucocorticoid recep-
tors [30]. Glucocorticoid receptors, which were not studied 
by us, are essential for placental regulation of transcription 
of genes involved in placental and fetal development [31]. 
However, the impact of differential glucocorticoid receptor 
expression on, e.g., sex-dependent cortisol and birth weight 
is controversially discussed [32].

We further showed that measurement of direct 11β-HSD2 
activity by LC–MS/MS seemed to be a more reliable method 
compared to qRT-PCR analysis regardless of the mode of 
delivery. Deviations from the mean of measured turnover 
rates were similar in both cohorts (spontaneous and C-sec-
tion births), while especially mRNA levels showed higher 
deviations in placentas from spontaneous births compared 
to placental samples obtained from C-sections. Interestingly, 
even though many studies showed differential placental gene 
expression when comparing vaginal and C-section delivery, 
little is known about the inter-sample deviation [1, 33, 34]. 
Similarly, despite the fact that studies with optimal sample 
collection protocols have previously emphasized the rel-
evance of birth mode for mRNA analysis, inter-study devia-
tions of mRNA expression levels have not been evaluated 
[35]. Placentas subjected to vaginal delivery are exposed to 
mechanical compression and an intermittent reduction in 
maternal blood supply both caused by uterine contractions 
[35–37]. Especially, the latter influences metabolic measure-
ments through generation of oxidative stress and activation 
of oxidative stress-related signaling cascades. In contrast to 

C-sections, spontaneous births vary in the frequency and 
duration of contractions and thus might result in higher dif-
ferences of various parameters. Similarly, administration 
of supplemental oxygen or anesthesia could further influ-
ence gene expression and metabolic parameters. In addition, 
the magnitude of gene expression change was shown to be 
related to the length of labor [38].

The increased deviations in mRNA expression levels in 
spontaneous birth placentas might also be responsible for 
the perturbation of the correlations of direct and indirect 
parameters of 11β-HSD2. While in C-section placentas, both 
the levels of HSD11B2 mRNA expression and cortisone/
cortisol ratios correlated with the HDS11B2 turnover rates 
as expected, those correlations could not be shown in pla-
centas from spontaneous birth.

In summary, we were able to show that the mode of deliv-
ery strongly influences the interplay between direct and indi-
rect determinants of placental 11β-HSD2 activity. However, 
our study has some limitations which have to be taken into 
account. First, due to the complexity of our method used 
for evaluating microsomal 11β-HSD2 turnover rates, the 
number of analyzed cases was quite low (n = 5 per cohort). 
As a consequence, a statistical comparison of the correla-
tions was not suitable. Second, to elucidate the impact of 
vaginal delivery on the placental glucocorticoid metabo-
lism, more clinical and molecular determinants would be of 
interest (e.g., expression of glucocorticoid receptor isoforms, 
hypoxia-associated factors, duration of contractions, sup-
plemental oxygen or anesthesia).
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