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Objective:To compare the effects of chlormadinone acetate (CMA), dienogest (DNG) anddrospirenone (DRSP) on
prostaglandin biosynthesis in a human endometrial explants model.
Study design: Human endometrial explants obtained by aspiration curettage and human endometrial YHES cells
were stimulated with interleukin-1β (IL-1β) and exposed to CMA, DNG, DRSP or dexamethasone (DEX; YHES
cells). Cellularmessenger RNA (mRNA) levels of cyclooxygenase-2 (COX-2)were analyzedby reverse-transcription
quantitative real-time polymerase chain reaction. Concentrations of prostaglandin F2α (PGF2α) in culture superna-
tants were measured by enzyme-linked immunosorbent assay.
Results: CMA exerted after IL-1β stimulation a stronger down-regulation of COX-2 mRNA compared to DNG and
DRSP in human explants (−55% vs.−40% and 46%, respectively). The effect of CMA on COX-2mRNAwas signif-
icantly stronger (p=.025) than that of DNG. Moreover, the effect of CMA was independent from cycle phase or
presence of endometriosis. In order to evaluate the impact of the investigated progestins on effector molecules,
PGF2α releasewas determined in supernatants. Again, CMA reduced the PGF2α release significantly by an average
of−60% (pb.01). In contrast, no significant reduction was found for DNG and DRSP. In YHES cells, only DEX but
not the progestins under study exerted a significant down-regulating effect (−79%, pb.01) on COX-2mRNA after
IL-1β stimulation.
Conclusion: Among the tested progestins, CMA displayed the most consistent suppression of prostaglandin bio-
synthesis in human endometrial explants.
Implication: Among three tested progestins, chlormadinone acetate had the most consistent suppressive effect
on prostaglandins in endometrial explants. These findings support clinical observations about the efficacy of
chlormadinone acetate in dysmenorrhea treatment.

© 2018 Published by Elsevier Inc.
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1. Introduction

About 40%–80%of youngwomen suffer fromprimary dysmenorrhea
[1,2]. An increased prostaglandin synthesis plays a major role in the
pathophysiology of dysmenorrhea, and thus, the prostaglandin system
is a key target in the treatment of this disorder [1,3–6]. Elevated levels
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well as by the constitutive cyclooxygenase-1 (COX-1) and the inducible
cyclooxygenase-2 (COX-2). Estrogens stimulate the synthesis of endo-
metrial prostaglandins, whereas progestins suppress this process [11,
12]. Progesterone withdrawal in the late secretory phase of the men-
strual cycle promotes nuclear factor κB accumulation in the endometrial
stroma that induces COX-2 expression and elevates prostaglandin bio-
synthesis. Due to this sex-steroid-dependent regulation, uterine prosta-
glandin levels vary during the menstrual cycle [6,13,14].

The first line therapy for dysmenorrhea is nonsteroidal anti-
inflammatory drugs [4,5]. In women with demand for contraception,
combined oral contraceptives are the therapy of choice. Their progestin
components reduce endometrial thickness and suppress uterine prosta-
glandin synthesis [3,4]. While no results from randomized studies
exist, limited clinical data support a more favorable response with
chlormadinone acetate (CMA), a progestin that also has glucocorticoid
activity [15–20]. Beside CMA, dienogest (DNG) and drospirenone
(DRSP) have been clinically used for treatment of dysmenorrhea
[21–24].

Due to its complex structure and functions, studies on human endo-
metrium demand a variety of culture methods for assessment of its
functions and dysfunctions. These include permanent cell lines, primary
cell cultures and explants cultures. The closest approach to in vivo con-
ditions are cultures of human endometrial explants in which tissue
integrity and communication between cells are maintained (e.g.,
paracrine interactions between stromal and epithelial cells) [25,26].
Besides epithelial and stromal cells, other functionally important
cell types (e.g., endothelial cells, macrophages) are preserved. Endo-
metrial explants from nondysmenorrheic patients stimulated with
IL-1β can be regarded as a short-time model for dysmenorrhea since
activation of the arachidonic acid cascade is a general feature in
dysmenorrheic patients [6]. In a recent study, we have demonstrated
a suppressive effect of CMA on COX-2 mRNA expression and PGF2α
levels in human IL-1β-stimulated endometrial explants [27]. In the
present study, we compare effects of CMA on the activated prosta-
glandin system in cell and tissue culture models of human endome-
trium with those of DNG and DRSP.

2. Materials and methods

2.1. Tissue collection

For this study, 34 women between 18 and 50 years undergoing sur-
gery for benign gynecological disorders were recruited with their writ-
ten informed consent. Therewas no hormonal treatmentwithin the last
3months. Endometrial tissue was taken by aspiration curettage (Pipelle
De Cornier; Laboratoire C.C.D., Paris, France) before starting any surgical
intervention. No patients with endometrial pathologies were included
into the study. The sampling of endometrial tissues was approved by
the local Ethical Committee (No. 251/15). Cycle phase determination
was performed by menstrual cycle anamnesis and hormone profiles of
LH, FSH, 17β-estradiol and progesterone. FSH serum levels b15 mIU/mL
indicated a premenopausal status.

2.2. Explants culture

Endometrial explants were cultivated as described previously [26].
After preincubation (1 h) in DMEM/Ham's F-12 medium, they were
placed on MilliCell-PCF inserts (12 μm; Millipore, Eschborn, Germany)
and incubated in DMEM/Ham's F-12 medium (Sigma-Aldrich,
Taufkirchen, Germany) containing 2mM L-glutamine (Fisher Scientific;
Schwerte, Germany) at 37°Cwith 5% CO2 for 6 h in a humidified incuba-
tor (Heraeus BBD 6620, Thermo Fisher Scientific). Explantswere treated
for 6 h with CMA (Gedeon Richter, Budapest, Hungary), DRSP (Sigma-
Aldrich) or DNG (Santa Cruz Biotechnology, Heidelberg, Germany)
(10−6 M each). This concentration is approximately two orders of mag-
nitude higher than the in vivo serum levels of progestins after
therapeutic use [28,29]. Human recombinant IL-1β (final concentration
1 ng/mL; R&D, Wiesbaden, Germany) was added after 1 h. Vehicle con-
trols were run with 0.1% DMSO (Sigma-Aldrich) with or without IL-1β
(“DMSO”; “IL-1β”). After incubation, the explants were submerged
overnight into RNA later (Qiagen, Hilden, Germany) and stored at
−80°C. Supernatants were kept at−20°C.

2.3. YHES cells

Theprogesterone receptor positive, immortalized Yale human endo-
metrial stromal cell line (YHES cells syn. T HESC)was fromATCC® (CRL-
4003™; LGC Standards, Wesel, Germany). Cells were grown for 3 days
to subconfluency in a phenol red-free DMEM/Ham's F-12 medium
with 3.1 g/L glucose, 1 mM sodium pyruvate, 500 ng/mL puromycin
dihydrochloride (Sigma-Aldrich), 1% ITS Premix (BD Biosciences,
Heidelberg, Germany), 2.5 mM L-glutamine (Thermo Fisher Scientific)
and 10% charcoal-stripped fetal bovine serum (Hyclone SH30068.03;
GE Healthcare Life Sciences, Freiburg, Germany). Cells were cultivated
on 6-well plates (48,000 cells seeded in 4 mL; Fisher Scientific,
Schwerte, Germany) at 37°C in a humidified incubator (Heracell 150,
Thermo Fisher Scientific) with 3% CO2.

Cells were treated for 6 h in triplicates with CMA, DRSP, DNG or DEX
(Sigma-Aldrich) in a concentration of 10−6Meach. IL-1β (1 ng/mL)was
added after 1 h of culture. Vehicle controls were run with 0.1% DMSO
(Sigma-Aldrich) with and without IL-1β (“DMSO”; “IL-1β”). All experi-
ments were performed with cells from passage 3 or 4.

2.4. Reverse-transcription quantitative real-time polymerase chain reaction
(RT-qPCR)

Endometrial explants were homogenized by a Precellys
homogenizator (PeqLab, Erlangen, Germany). Total RNA was extracted
by spin column-based nucleic acid purification with on-column DNase
digestion (E.Z.N.A. Total RNA Kit I; VWR-Omega Bio-Tek, Darmstadt,
Germany). Quantification of total RNAwas performed bymeasurement
of absorbance at 260 nm in a NanoDrop spectrophotometer (PeqLab).
Quality of total RNAwas controlled on a microchip electrophoresis sys-
tem (MultiNA, Shimadzu, Duisburg, Germany).

cDNA synthesis from total RNA (1 μg) was carried out in a reaction
volume of 20 μL containing 50 mM Tris–HCl (pH 8.3), 75 mM KCl,
3 mM MgCl2, 5 mM dithiothreitol, 0.5 mM deoxynucleoside triphos-
phate mix, 200 U SuperScript™ III reverse transcriptase (all from
Thermo Fisher Scientific) and 1 μL random primers (hexanucleotide
mix, 10×; Roche Diagnostics, Mannheim, Germany) at 50 °C for
50 min. cDNA was stored at −20°C.

qPCR analysis was performed as described previously [26] on a
LightCycler® 480 instrument (Roche Diagnostics). Run-to-run differ-
ences were equalized by carrying along the same calibrator in all runs
of the study. External standard curves were created in the beginning
of the project for all genes under study with standard DNA that had
been generated by conventional PCR. The DNA standard solutions
contained the specific target sequences of the respective UPL assays
and a carrier-RNA (MS2RNA, 10 ng/μL; RocheDiagnostics). No template
controls and no-reverse transcription controls were included for each
gene. Results of qPCR analyses are given as normalized ratios in relation
to the reference genes G6PDH, ALAS1 and PGK1.

2.5. PGF2α enzyme immunoassay

PGF2α concentrations in supernatants of endometrial cell and ex-
plants cultures were determined by a specific EIA kit (AssayDesigns;
Supplier: ENZO Life Sciences, Lörrach, Germany) according to the man-
ufacturer's instructions. Evaluationwas performed on a μQuant spectro-
photometer with Gen5 data analysis software (BioTek Instruments, Bad
Friedrichshall, Germany). The PGF2α concentrations are presented in



Fig. 1. Effects of progestins on COX-2 mRNA and PGF2α levels in human endometrial explants. Explants (n=31) were exposed to CMA, DNG and DRSP and stimulated with IL-1β. Boxes
represent lower and upper quartileswithmedian. (A) COX-2mRNA levels. Thedifferences betweenDMSOand IL-1β, aswell as between all progestin treatments and IL1β, were significant
(pb.01). The difference between CMA and DNGwas also significant (p=.025). Mean normalized ratios were 7.9 (DMSO), 56.2 (IL-1β), 25.0 (CMA), 33.7 (DNG) and 30.4 (DRSP). (B) PGF2α
levels in supernatants related to tissueweight (pg/mgwetweight). One outlier (5083 pg/mg) in the IL1β group is not shown. Thedifferences betweenDMSOand IL-1β, aswell as CMA and
IL1β, were significant (pb.01). Mean concentrations were 213 (DMSO), 645 (IL-1β), 256 (CMA), 430 (DNG) and 362 pg/mg (DRSP).
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pg/mgwet weight of explants. The sensitivity of the assay was 7 pg/mL.
The wet weight was determined after removal of the explants from
RNAlater. Intraassay coefficients of variation were 10.0% for control 1
(mean 824 pg/mL) and 16.5% for control 2 (mean 126 pg/mL) (n=8).
Interassay coefficients of variation were 11.0% for control 1 and 20.2%
for control 2 (n=5)and thuswithin the acceptance criteria for immuno-
assays [30,31].
2.6. Statistical evaluation

Statistical analysis of all experiments was carried out by Masem
Research Institute GmbH (Wiesbaden, Germany). Since the data
were not normally distributed theMann–Whitney U test for indepen-
dent samples was applied. The results were considered significant at
pb.05.
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3. Results

3.1. Endometrial explants

Effects of CMA, DNG and DRSP on prostaglandin biosynthesis were
investigated in human endometrial explants from 34 patients who
underwent surgery for benign gynecological disorders. All participants
were within the reproductive age and had a mean age of 35±
6.5 years (21–46 years). The menstrual cycle phase was determined
by the history of the menstrual cycle prior to the surgery and hormone
serum levels. Eleven patients were within the proliferative; 23 patients
were within the secretory phase. Endometriosis was diagnosed in 10
participants. Three patients were excluded retrospectively due to ex-
tremely high basal COX-2 mRNA levels in DMSO and poor IL-1β
stimulatability. According to the available menstrual cycle history and
the respective hormone serum levels, these three patients had men-
strual cycle abnormalities.

MeanCOX-2mRNA tissue levelswere significantly increased by IL-1β
by an average of 7.1-fold (pb.01). This stimulatory effect of IL-1β was
suppressed in the presence of progestins. The strongest effect among
the tested progestins was exerted by CMA (−55%, pb.01) followed by
DRSP (−46%, pb.01) and DNG (−40%, pb.01). Moreover, the CMA effect
on COX-2 mRNA was significantly stronger (p=.025) than that of DNG
(Fig. 1A). PGF2α levels in supernatants were significantly increased by
stimulation with IL-1β. CMA did reduce the PGF2α release significantly
by 60% under IL-1β stimulation (pb.01). No significant reduction was
found for DNG and DRSP (Fig. 1B).

Whenwe compared results fromexplant tissues obtained during the
secretory and proliferative phase of the cycle, or from subjects with and
without a diagnosis of endometriosis, we observed the same general
pattern favoring CMA (see Supplemental Figs. 1 and 2).

3.2. YHES cells

The results of YHES experiments are shown in Fig. 2. COX-2 mRNA
levels were significantly up-regulated by IL-1β compared to the DMSO
Fig. 2.Effects of steroid hormones onCOX-2mRNA levels in YHES cells. The box plots show the r
to CMA,DNG, DRSP or DEX and stimulatedwith IL-1β. Boxes represent lower and upper quartile
IL1β (pb.01, respectively). Mean normalized ratios were 0.00008 (DMSO), 0.015 (IL-1β), 0.011
COX-2 mRNA levels in YHES cells are lower than in endometrial explants (Fig. 1).
control. In IL-1β-stimulated cells, COX-2 mRNA was significantly sup-
pressed only by DEX (−79%, pb.01). Neither CMA nor DNG and DRSP
exerted significant effects on COX-2 mRNA levels. Relative COX-2
mRNA levels were several orders of magnitude lower than in explants
cultures. Further, a decline of COX-2mRNA expression with higher pas-
sages was observed in the YHES experiments (data not shown). This
phenomenonwas not caused by loss of IL-1β activity since IL-1β stimu-
lation in contemporaneous explants experiments was not affected.

In contrast to COX-2mRNA, PGF2α release in IL-1β-stimulated YHES
cells was not modulated by the drug treatments. PGF2α concentrations
were in the low range of the standard curves, and PGF2α release was
not stimulated by IL-1β. Likewise, in two control experiments run
over 24 h, no differences between treatments were found (data not
shown).

In pilot experiments with two human endometrial epithelial cell
lines (Ishikawa and AN3-CA cells), COX-2 mRNA levels and PGF2α did
not respond to IL-1β and progestin treatments (data not shown).

4. Discussion

Themain finding of this study is a stronger suppressive effect of CMA
on COX-2 mRNA and PGF2α release in comparison to DNG and DRSP in
human IL-1β-stimulated endometrial explants as dysmenorrheamodel.
In the entire cohort of 31 explants, COX-2mRNA tissue levels and PGF2α
release were significantly increased by IL-1β, and this IL-1β effect was
significantly suppressed by CMA. TheDNGandDRSP effectswere signif-
icant only on COX-2mRNA expression but not on PGF2α release. The ob-
served significant differences were found in spite of a high variability of
measured values, which is a consequence of the heterogeneity of the
study population (menstrual cycle phase, surgery indication, age) and
the complexity of the explants model. The response patterns for COX-
2mRNA and PGF2αwere similar. Our findings correspond to clinical ob-
servations that CMA is an effective treatment for dysmenorrhea.

Clinical improvement or remission of dysmenorrheawas found after
switching from another contraceptive to a combination of CMA and
ethinylestradiol [17,18]. In direct comparison, a CMA-containing
elative COX-2mRNA levels of six independent cell culture experiments. Cellswere exposed
swithmedian. Significancewas demonstrated only for IL-1β vs. DMSO andDEX+ IL1β vs.
(CMA), 0.015 (DNG), 0.013 (DRSP) and 0.003 (DEX). The normalized ratios indicate that
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formulation had amore favorable effect on dysmenorrhea than a DRSP-
containingpill [21]. These observations cannot be explained by a further
reduction of endometrial thickness by CMA. It was speculated that the
observed CMA effect may be due to its glucocorticoid activity [4,15,17,
18]. However, in a previous study, we have demonstrated that the syn-
thetic glucocorticoid DEX does not significantly down-regulate COX-2
mRNA and PGF2α, and neither CMA nor DEX significantly affects the
mRNA level of the anti-inflammatory annexinA1 in humanendometrial
explants. These results suggested that suppression of prostaglandin
synthesis by CMA in human endometrium by CMA is mainly mediated
by progesterone receptor-dependent down-regulation of COX-2 rather
than by a glucocorticoid off-target effect [27]. The differential effects of
CMA, DNG and DRSP on prostaglandin formation observed in this study
may be due to different progestogenic potencies [33,34] beingmediated
via the progesterone receptor by inhibiting the binding of NF-ƘB to the
response element of the COX-2 promoter [32]. However, it cannot be
excluded that the glucocorticoid activity of CMA contributes to the sup-
pression of prostaglandin biosynthesis. In our experimental design, a
glucocorticoid effect may be favored by an enhanced GR-binding since
the applied concentration was higher than the pharmacological CMA
level. Stromal cells may be involved in a glucocorticoid effect as indi-
cated by the strong DEX effect in YHES cells. To our knowledge, there
exist no data backing an additional regulation of endometrial COX-2 ex-
pression via androgen or mineralocorticoid receptors.

The response patterns towards the progestins under study were
retained when explants from the proliferative and the secretory men-
strual cycle phasewere evaluated separately. This finding demonstrates
that the suppressive effect of progestins on the prostaglandin biosyn-
thesis in human endometrium can be found in both cycle phases. The
higher variability in the secretory phase may be explained by the
more dynamic functional alterations during this cycle phase (window
of implantation, subsequent decidualization). We also evaluated sepa-
rately a subgroup of patients suffering from endometriosis since an aug-
mented inflammatory milieu was reported in the endometrium of
endometriosis patients [35]. However, the response patterns were sim-
ilar between endometrium donors with and without endometriosis.

Apart from the endometrial explants culture, we carried out similar
experiments with CMA, DNG, DRSP and DEX in the IL-1β-stimulated
human endometrial YHES cell line. In this monolayer cell culture
model, only stromal cells are represented. DEX treatment was included
since endometrial stromal cells express the glucocorticoid receptor. In
YHES cells, only DEX exerted a significant down-regulating effect on
IL-1β-stimulated COX-2 mRNA. None of the progestins under study
had a significant effect on COX-2 mRNA. This indicates that, in the
YHESmodel, the COX-2mRNA expression is more susceptible to the ac-
tion of glucocorticoids than to the action of progestins. None of the
tested steroids exerted an effect on PGF2α release. Literature data on
prostaglandin biosynthesis in YHES cells are scarce. In nonstimulated
YHES cells, a low production of prostaglandin E2 but no COX-2 protein
expression was reported [36]. To our knowledge, no data exist on
PGF2α biosynthesis in YHES cells. We conclude that YHES cells, the
only commercially available immortalized endometrial stromal cell
line, are not a suitable model to study progestin effects on endometrial
prostaglandin biosynthesis. In another, commercially not available en-
dometrial stromal cell line with extended life span, PGF2α and PGE2
were stimulated by IL-1β and suppressed by DEX [37].

In general, it would bemore appropriate to select an endometrial ep-
ithelial cell line asmodel for dysmenorrhea research since in human en-
dometrial tissue COX-2 expression in stromal cells is less prominent
than in epithelial cells [38]. However, permanent progesterone-sensi-
tive human epithelial cell lines such as Ishikawa cells have no functional
prostaglandin systems [37,39]. The establishment of immortalized epi-
thelial cell lines is generally difficult, and therefore, no such cell line is
commercially available.

The discrepancy between our findings in explants cultures and
the YHES cell line indicates that progestin actions on entire human
endometrial tissues are more complex than in monolayer cell cultures.
It is known that progestins display differential actions in endometrial
stromal and epithelial cells [6]. Further, the overall progestin effect
may involve paracrine interactions of both cell types [40]. This in vivo
environment cannot be mimicked by monolayer cell cultures. There-
fore, it is important to study overall endometrial effects of synthetic ste-
roid hormones in tissue cultures or advanced cell culture models.

The advantages of using human explants are their close proximity to
the in vivo situation due to themaintenance of tissue integrity and com-
munication between different cell types [25] as well as their derivation
from individual persons. This is in contrast to tumor and immortalized
cell lines which differ from normal cells and tissues in many aspects.
The drawbacks of explants cultures are their limited supply and amount
of tissue, cellular heterogeneity, contaminations, limited viability and
interindividual variation. Therefore, functional studies can be conducted
only over a limited time period. A sufficient viability of epithelial
and stromal cells has been demonstrated for a culture period of 6–8 h
[25,26]. The limitations and applicability of human endometrial explant
cultures are discussed in detail in Schäfer et al. 2011 [26]. A limitation of
this study was the use of samples from women undergoing surgery for
benign gynecological disorders andnot fromnormal healthy volunteers.
RT-qPCR is a suitable and accuratemethod to investigate effects of exog-
enous substances on gene expression during the limited ex vivo life
span of the vulnerable endometrium.

In conclusion, our findings regarding the action of CMA, DNG and
DRSP in human endometrial explants demonstrate that these proges-
tins are able to suppress endometrial prostaglandin biosynthesis by
down-regulation of COX-2. This mode of action provides an explana-
tion for the therapeutic effects of these progestins in dysmenorrheic
women. Among the tested progestins, CMA displayed the most con-
sistent suppression of prostaglandin biosynthesis in human endome-
trial explants.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.contraception.2018.08.001.
Acknowledgments

The authors thank Claudia Nöthling for her excellent technical assis-
tance and the participating patients and clinicians of our hospital for
endometrium sampling. For statistical support, we thank Alexander
Rausch-Jaretzke fromMasem Research Institute (Wiesbaden, Germany).
References

[1] Harel Z. Dysmenorrhea in adolescents. Ann N Y Acad Sci 2008;1135:185–95.
[2] Proctor M, Farquhar C. Diagnosis and management of dysmenorrhoea. BMJ 2006;

332:1134–8.
[3] Wong CL, Farquhar C, Roberts H, Proctor M. Oral contraceptive pill for primary

dysmenorrhoea. Cochrane Database Syst Rev 2009;4:CD002120.
[4] Zahradnik HP, Hanjalic-Beck A, Groth K. Nonsteroidal anti-inflammatory drugs and

hormonal contraceptives for pain relief from dysmenorrhea: a review. Contracep-
tion 2010;81:185–96.

[5] Marjoribanks J, Ayeleke RO, Farquhar C, Proctor M. Nonsteroidal anti-inflammatory
drugs for dysmenorrhea. Cochrane Database Syst Rev 2015;7:CD001751.

[6] Jabbour HN, Kelly RW, Fraser HM, Critchley HOD. Endocrine regulation of menstru-
ation. Endocr Rev 2006;27:17–46.

[7] Benedetto C. Eicosanoids in primary dysmenorrhea, endometriosis and menstrual
migraine. Gynecol Endocrinol 1989;3:71–94.

[8] Zahradnik HP, Breckwoldt M. Contribution to the pathogenesis of dysmenorrhea.
Arch Gynecol 1984;236:99–108.

[9] Maybin JA, Critchley HOD, Jabbour HN. Inflammatory pathways in endometrial
disorders. Mol Cell Endocrinol 2011;335:42–51.

[10] Pickles VR, Hall WJ, Best FA, Smith GN. Prostaglandins in endometrium and men-
strual fluid from normal and dysmenorrhoeic subjects. J Obstet Gynecol Br
Commonw 1965;72:185–92.

[11] Abel MH, Baird DT. The effect of 17-beta-estradiol and progesterone on prostaglan-
din production by human endometriummaintained in organ culture. Endocrinology
1980;106:1599–606.

[12] Schatz F, Markiewicz L, Gurpide E. Hormonal effects of PGF2alpha output by cultures
of epithelial and stromal cells in human endometrium. J Steroid Biochem 1986;24:
297–301.

https://doi.org/10.1016/j.contraception.2018.08.001
https://doi.org/10.1016/j.contraception.2018.08.001
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0005
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0010
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0010
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0015
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0015
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0020
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0020
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0020
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0025
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0025
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0030
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0030
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0035
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0035
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0040
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0040
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0045
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0045
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0050
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0050
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0050
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0055
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0055
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0055
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0060
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0060
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0060


66 K. Roth et al. / Contraception 99 (2019) 61–66
[13] Catalano RD, Wilson MR, Boddy SC, Jabbour HN. Comprehensive expression analysis
of prostanoid enzymes and receptors in the human endometrium across the men-
strual cycle. Mol Hum Reprod 2011;17:182–92.

[14] Maybin JA, Critchley HOD. Menstrual physiology: implications for endometrial pa-
thology and beyond. Hum Reprod Update 2015;21:748–61.

[15] Schneider J, Kneip C, Jahnel U. Comparative effects of chlormadinone acetate and its
3α- and 3β-hydroxy metabolites on progesterone, androgen and glucocorticoid re-
ceptors. Pharmacology 2009;84:74–81.

[16] Schramm G, Steffens D. A 12-month evaluation of the CMA-containing oral contra-
ceptive Belara: efficacy, tolerability and anti-androgenic properties. Contraception
2003;67:305–12.

[17] Zahradnik HP. Belara - a reliable oral contraceptive with additional benefits for
health and efficacy in dysmenorrhea. Eur J Contracept Reprod Health Care 2005;
10(Suppl. 1):12–8.

[18] Schramm G, Heckes B. Switching hormonal contraceptives to a chlormadinone
acetate-containing oral contraceptive. The Contraceptive Switch Study. Contracep-
tion 2007;76:84–90.

[19] Anthuber S, Schramm GA, Heskamp ML. Six-month evaluation of the benefits of
the low-dose combined oral contraceptive chlormadinone acetate 2mg/
ethinylestradiol 0.03 mg in young women: results of the prospective, observa-
tional, non-interventional, multicentre TeeNIS study. Clin Drug Investig 2010;
30:211–20.

[20] Göretzlehner G, Waldmann-Rex S, Schramm GAK. Extended cycles with the com-
bined oral contraceptive chlormadinone acetate 2 mg/ethinylestradiol 0.03 mg.
Clin Drug Investig 2011;31:269–77.

[21] Sabatini R, Orsini G, Cagiano R, Loverro G. Noncontraceptive benefits of two com-
bined oral contraceptives with antiandrogenic properties among adolescents. Con-
traception 2007;76:342–7.

[22] Machado RB, Pompei LdM, Giribela AG, Giribela CG. Drospirenone/ethinylestradiol:
a review on efficacy and noncontraceptive benefits. Womens Health (Lond Engl)
2011;7:19–30.

[23] Petraglia F, Parke S, Serrani M, Mellinger U, Römer T. Estradiol valerate plus
dienogest versus ethinylestradiol plus levonorgestrel for the treatment of primary
dysmenorrhea. Int J Gynaecol Obstet 2014;125:270–4.

[24] Kim SA, UmMJ, Kim HK, Kim SJ, Moon SJ, Jung H. Study of dienogest for dysmenor-
rhea and pelvic pain associated with endometriosis. Obstet Gynecol Sci 2016;59:
506–11.

[25] Stavreus-Evers A, Hovatta O, Eriksson H, Landgren BM. Development and character-
ization of an endometrial tissue culture system. Reprod Biomed Online 2003;7:
243–9.
[26] SchäferWR, Fischer L, Roth K, Jüllig A, Stuckenschneider JE, Schwartz P, et al. Critical
evaluation of human endometrial explants as an ex vivomodel system: a molecular
approach. Mol Hum Reprod 2011;17:255–65.

[27] Hanjalic-Beck A, Schäfer WR, Deppert WR, Fischer L, Stein A, Seebacher L, et al.
Chlormadinone acetate suppresses prostaglandin biosynthesis in human endome-
trial explants. Fertil Steril 2012;98:1017–22.

[28] Bouchard P. Chlormadinone acetate (CMA) in oral contraception — a new opportu-
nity. Eur J Contracept Reprod Health Care 2005;10(sup1):7–11.

[29] Stanczyk FZ. Pharmacokinetics and potency of progestins used for hormone replace-
ment therapy and contraception. Rev Endocr Metab Disord 2002;3:211–24.

[30] Findlay JWA, Smith WC, Lee JW, Nordblom GD, Das I, DeSilva BS, et al. Validation of
immunoassays for bioanalysis: a pharmaceutical industry perspective. J Pharm
Biomed Anal 2000;21:1249–73.

[31] Viswanathan CT, Bansal S, Booth B, DeStefano AJ, Rose MJ, Sailstad J, et al. Quantita-
tive bioanalytical methods validation and implementation: best practices for chro-
matographic and ligand binding assays. Pharm Res 2007;24:1962–73.

[32] Tamura I, Taketani T, Lee L, Kizuka F, Taniguchi K, Maekawa R, et al. Differential ef-
fects of progesterone on COX-2 and Mn-SOD expressions are associated with his-
tone acetylation status of the promoter region in human endometrial stromal
cells. J Clin Endocrinol Metab 2011;96:E1073–82.

[33] Wiegratz I, Kuhl H. Metabolic and clinical effects of progestogens. Eur J Contracept
Reprod Health Care 2006;11:153–61.

[34] Hapgood JP, Africander D, Louw R, Ray RM, Rohwer JM. Potency of progestogens
used in hormonal therapy: toward understanding differential actions. J Steroid
Biochem Mol Biol 2014;142:39–47.

[35] Bulun SE. Endometriosis. N Engl J Med 2009;360:268–79.
[36] Banu SK, Lee J, Speights Jr VO, Starzinski-Powitz A, Arosh JA. Cyclooxygenase-2 reg-

ulates survival, migration, and invasion of human endometriotic cells through mul-
tiple mechanisms. Endocrinology 2008;149:1180–9.

[37] Chapdelaine P, Kang J, Boucher-Kovalik S, Caron N, Tremblay JP, Fortier MA.
Decidualization and maintenance of a functional prostaglandin system in human
endometrial cell lines following transformation with SV40 large T antigen. Mol
Hum Reprod 2006;12:309–19.

[38] Stavreus-Evers A, Koraen L, Scott JE, Zhang P, Westlund P. Distribution of
cyclooxygenase-1, cyclooxygenase-2, and cytosolic phospholipase A2 in the luteal
phase human endometrium and ovary. Fertil Steril 2005;83:156–62.

[39] Huang JC, Ruan CH, Tang K, Ruan KH. Prunella stica inhibits the proliferation but not
the prostaglandin production of Ishikawa cells. Life Sci 2006;79:436–41.

[40] Kim JJ, Kurita T, Bulun SE. Progesterone action in endometrial cancer, endometriosis,
uterine fibroids, and breast cancer. Endocr Rev 2013;34:130–62.

http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0065
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0065
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0065
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0070
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0070
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0075
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0075
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0075
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0080
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0080
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0080
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0085
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0085
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0085
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0090
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0090
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0090
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0095
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0095
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0095
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0095
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0095
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0100
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0100
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0100
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0105
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0105
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0105
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0110
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0110
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0110
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0115
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0115
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0115
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0120
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0120
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0120
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0125
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0125
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0125
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0130
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0130
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0130
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0135
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0135
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0135
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0140
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0140
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0145
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0145
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0150
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0150
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0150
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0155
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0155
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0155
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0160
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0160
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0160
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0160
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0165
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0165
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0170
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0170
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0170
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0175
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0180
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0180
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0180
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0185
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0185
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0185
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0185
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0190
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0190
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0190
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0195
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0195
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0200
http://refhub.elsevier.com/S0010-7824(18)30394-9/rf0200

	Effects of different progestins on prostaglandin biosynthesis in human endometrial explants
	1. Introduction
	2. Materials and methods
	2.1. Tissue collection
	2.2. Explants culture
	2.3. YHES cells
	2.4. Reverse-transcription quantitative real-time polymerase chain reaction (RT-qPCR)
	2.5. PGF2α enzyme immunoassay
	2.6. Statistical evaluation

	3. Results
	3.1. Endometrial explants
	3.2. YHES cells

	4. Discussion
	Acknowledgments
	References


