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ARTICLE INFO ABSTRACT

Keywords: Preparations of Bryophyllum pinnatum have been used as a well-tolerated treatment of preterm labor, initially in
Bryophyllum pinnatum anthroposophic hospitals and, more recently, also in conventional settings. In vitro studies with human myo-
Myome_trium metrial cells have shown that B. pinnatum leaf press juice inhibits both intracellular Ca®* signaling and the
2:1}11t:i;l:aling activation of inflammatory pathways induced by the relevant hormone oxytocin. However, the compounds
Bufadienolides responsible for these inhibitory effects and the potential involvement of related signaling pathways remain
Proteomics unknown. In the present study, we aim to address these knowledge gaps. In vitro experiments were conducted in

hTERT-C3 human myometrial cells, using alamarBlue assay, fluorescent intracellular Ca®* assay, ELISA, prote-
omics and real-time PCR. Contractility studies were conducted in an ex vivo organ bath model using human
myometrial tissue. No single compound from B. pinnatum leaves mimicked the inhibitory effect of the whole leaf
press juice on OT-induced Ca®" signaling. However, a bufadienolide-enriched fraction and the bufadienolides
bersaldegenin-1,3,5-acetate, bryophyllin A and bersaldegenin-3-acetate, but not bersaldegenin-1-acetate,
reduced OT-induced COX-2 expression and attenuated NFkB activation. That the juice can inhibit prosta-
glandin Foe-induced contractions was shown in the myometrium bath model. Proteomics analysis revealed that
the leaf juice reduced expression of various extracellular matrix proteins. Cell viability assays showed that the
various inhibitory effects cannot be attributed to cytotoxicity. Taken together, these results further support in-
vestigations on the use of B. pinnatum as a well-tolerated candidate for long-term treatment of preterm labor.

1. Introduction or no treatment for 2-7 days, thus ensuring enough time to improve fetal

lung maturation and in utero transfer to a perinatal care center with an

Preterm birth, defined as birth before completion of 37 weeks of
gestation, affects more than one in ten newborns worldwide [1,2].
Preterm birth can result in death, compromised health, and impaired
neurologic, cognitive and behavioral development in children, leading,
besides the untold distress, to significant socioeconomic effects [3-5].
Premature activation of myometrial contractility, cervical ripening and
fetal membrane activation are the most important triggers for premature
birth [6-8]. Pharmacological therapy primarily addresses premature
myometrial contractions by using tocolytic agents. While all tocolytics
are probably effective in delaying preterm birth compared with placebo

NICU [9], they do not seem to be suitable for longer maintenance
tocolysis as they have fetal and maternal side effects without any evi-
dence of providing a better outcome [10-12]. To date, none of the
available treatment options effectively accomplishes the ultimate goal of
keeping the fetus in the womb until term.

Although the complex and multifaceted mechanism of preterm labor
is not yet understood, the hormone oxytocin (OT) is one of the main
factors. Inflammatory processes also play an important role in the acti-
vation of term as well as preterm labor. During both events, inflamma-
tory cytokines and chemokines are elevated and an increase in the
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expression of COX-2 followed by an increased production of PGFy, takes
place [13,14]. Besides triggering contractions directly by stimulating
Ca®t release from intracellular stores, OT can also activate
pro-inflammatory pathways. In gestational tissue, treatment with OT
leads to activation of NFkB and MAPK, followed by upregulation of key
inflammatory labor-associated genes like IL-8, CCL5, IL-6 and COX-2 in
vitro [15]. This is also supported by the OT receptor antagonists atosiban
and nolasiban inhibiting contraction and pro-inflammatory responses in
myometrium induced by OT and PGFy, in vitro [16]. PGFy itself leads to
an activation of NFkB and MAPKs in primary myometrial cells, and the
increase in PGFqy4-induced COX-2 expression is mediated by the FP re-
ceptor coupling to both Gyq and Gg; proteins [17].

The succulent plant Bryophyllum pinnatum is used for a wide range of
indications in ethnomedicine, including insect bites, treatment of
wounds, inflammatory conditions and gastrointestinal disease [18-20].
Noteworthy constituents are rather ubiquitous flavonoids and bufadie-
nolides, a class of compounds more characteristic of the genus Bryo-
phyllum [21]. In Europe, preparations of the plant have been used in the
treatment of preterm labor, especially as add-on treatment. Research on
the mode of action of B. pinnatum showed that the juice reduces the
intensity of spontaneous contractions in human myometrial biopsies,
with a fraction enriched in bufadienolides exerting a particularly strong
effect [22-24]. In vitro studies with human myometrial cells revealed
that B. pinnatum leaf juice (BPJ) inhibits OT-induced Ca?" signaling [25]
and flavonoids as well as bufadienolides seem to be involved synergis-
tically [26].

In view of the anti-inflammatory effects reported in ethnomedicine,
researchers have investigated possible corresponding pharmacological
effects of B. pinnatum. In a recent systematic scoping review, we
retrieved 33 in vitro and in vivo studies on the anti-inflammatory and
anti-nociceptive effects of B. pinnatum [27]. Furthermore, BPJ showed
an inhibitory effect on the OT-triggered pro-inflammatory signaling
cascade (MAPK activation) in human myometrial cell lines, with bufa-
dienolides appearing to be mainly responsible for the effect [26].

However, it is not yet fully clear which constituents are responsible
for the observed effects of B. pinnatum on OT-induced signaling in
myometrium models, nor whether other regulatory mechanisms are
involved. In this study, we aimed at: (1) identifying single compounds
relevant for the inhibitory effect on OT-induced intracellular Ca®*
concentration ([Ca2+]i) increase, (2) investigating the effect of juice,
fractions and single compounds on the OT-induced inflammatory
pathway, (3) exploring the effect of press juice on other related signaling
pathways, and (4) studying its impact on gene expression.

2. Methods
2.1. Plant material

Leaves of B. pinnatum originated from cultures at Weleda Brazil; a
voucher specimen (ZSS 29717) was deposited at The Zurich Succulent
Plant Collection. B. daigremontianum was provided by Klinik Arlesheim
AG (Switzerland); a voucher specimen was deposited at the Division of
Pharmaceutical Biology, University of Basel (Nr. 838).

Experiments were performed either with fresh or lyophilized BPJ re-
suspended in DMSO as indicated in each case. BPJ has previously been
characterized [25,28].

2.1.1. B. pinnatum fresh juice

The leaf juice was produced from leaves harvested in S. Roque,
Brazil, on March 25, 2014. The juice was obtained by mechanical
pressing of leaves in a roller mill. The procedure was identical to the
initial steps of the protocol used for the production of the active ingre-
dient of Weleda Bryophyllum 50 % chewable tablets (Weleda AG,
Arlesheim, Switzerland; registered at Swissmedic). The juice was filtered
using a 150 mm diameter paper filter (Schleicher and Schuell, Dassel,
Germany), and aliquots were kept at -80°C until use. Experimental
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concentration was 1 or 2 % of total press juice diluted in the appropriate
experimental vehicle (buffer or culture medium).

2.1.2. B. pinnatum press juice lyophilizate in DMSO

Leaves for the production of lyophilized juice were harvested in Sao
Paulo, Brazil in March 2021. Juice was produced as described above and
lyophilized in a three-phase process (freezing at —50°C; primary drying
at —35°C, 100 mTor, 168 h; secondary drying at 20°C, 55 mTor, 72 h) in
vacuum-sealed vials in a FTS Systems Dura-Dry MP Microprocessor
Controlled Corrosion Resistant Freeze Dryer. A total of 147.5 g of fresh
juice afforded 5.51 g of lyophilizate (3.7 % drying residue). For the ex-
periments, the lyophilized juice was reconstituted in DMSO (room
temperature; stock solution 50 mg/mL) and filtered with a 0.45 pm sy-
ringe filter. Aliquots were kept at —20°C. The concentration used in
experiments was 100 pg/mL (which corresponds approximately to
0.25 % of fresh press juice).

2.1.3. Bufadienolide- and flavonoid-enriched fractions

Fractions were prepared as previously described [29,30]. In short,
the MeOH extract from lyophilized leaves of B. pinnatum was partitioned
between H;0 and CH,Cl,. The aqueous phase was further fractionated
on a Diaion HP20 (Supelco, PA, USA) cartridge. Elution with MeOH
yielded the flavonoid-enriched fraction (FEF). After evaporation to
dryness, the CHyCly-soluble fraction [30] was further purified on a
RP-18 cartridge to yield the bufadienolide-enriched fraction (BEF) [29].
DMSO stock solutions of BEF and FEF were prepared (1.3 and
10.0 mg/mL, respectively) and kept at —20°C. Concentrations in ex-
periments were 2.2 pg/mL (BEF) and 17.4 pg/mL (FEF).

2.1.4. Single compound isolation

Flavonoids were isolated as previously described from B. pinnatum
[28]; bufadienolides were isolated from B. daigremontianum [31] since
this species contains higher amounts of the latter compounds. Their
identity was confirmed by MS and NMR analysis before doing the ex-
periments. Test concentrations were 1 pM for bufadienolides and 20 pM
for flavonoids.

2.2. Drugs and reagents

OT and atosiban were purchased from Bachem (Switzerland), and
both used at a final concentration of 100 nM, if not stated otherwise.
DMSO was obtained from Sigma-Aldrich (USA).

2.3. Cell culture

Human myometrial telomerase reverse transcriptase cells (hnTERT-
C3) provided by M. Graos (Biocant, Cantanhede, Portugal) were
cultured at humified 37°C and 5% CO5 in DMEM-F12 medium supple-
mented with 10 % heat-inactivated fetal bovine serum (FBS; Cytiva,
USA) and antibiotics (100 U/mL penicillin and 100 pg/mL strepto-
mycin). Cells were trypsinized, passaged twice per week and used up to
passage 35. All cell culture media were from Gibco, Thermo Fisher
Scientific (USA) unless otherwise stated.

2.4. Cell viability

Myometrium hTERT-C3 cells were seeded in clear, flat-bottom 96-
well plates at a density of 16’000 cells/well. At 24 h post-plating, me-
dium was removed and fresh medium solutions containing test sub-
stances (BPJ 100pg/mL, BEF 2.2pg/mL, FEF 17.4ug/mL,
bufadienolides 1 pM and flavonoids 20 pM) were added and incubated
for 6 h at 37°C. DMSO and Triton X-100 (Sigma-Aldrich, USA) served as
negative and positive controls, respectively. After exposure to test sub-
stances, an alamarBlue™ cell viability assay was performed according to
manufacturer’s instructions (Thermo Fisher Scientific, USA). Briefly,
cells were incubated with assay reagent (alamarBlue 10 %) for 4 h and
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afterwards fluorescence (excitation: 530 nm, emission: 590 nm) was
measured using FlexStationll, recorded by SoftMaxPro v5 (both Mo-
lecular Devices). Data were then exported to Microsoft Excel (v. 2016)
for analysis. Cell viability is presented as percent of untreated condition.

2.5. Intracellular Ca®* concentration

Myometrium hTERT-C3 cells were seeded into 96-well clear, flat
bottom microplates (Greiner, Austria) at 16’000 cells/well, one day
before the experiment. In a first step, cells were loaded with 1 uM Cal-
bryte520 AM (AAT Bioquest, USA) diluted in HBSS assay buffer (HBSS
with 10 mM HEPES, 1 mM MgCl, and 2 mM CaCly, pH 7.4) at 37°C for
1 h, followed by a washing step before placing the plate in the reading
chamber of the FlexStation3 (Molecular Devices, USA). Test substances
were prepared in the same HBSS assay buffer in a 96-well V-bottom plate
(Greiner, Austria). Fluorescence was measured at 525 nm for 60 s and
test substances were added to the cell plate after baseline recording for
18-20s. Approximately 5 min later, the agonist OT (MedChemExpress,
USA) was added during a second read again for 60s. For each test
substance, at least three independent experiments containing four rep-
licates were performed. Data were recorded with the software Soft-
MaxPro v7.1 (Molecular Devices, USA) at a sampling rate of 1.5s and
exported for analysis in Microsoft Excel (2016). Relative change of peak
fluorescence over baseline (AF/F) values were calculated for each well.

2.6. Total COX-2 expression

Myometrium hTERT-C3 cells were seeded into 6-well plates
(140°000 cell/well) two to three days before the experiment. After
reaching about 80 % confluence, cells were treated with BPJ, fractions,
or isolated bufadienolides and flavonoids combined with OT for 6 h, the
time needed to obtain a clear-cut OT-induction of COX-2 expression
(data not shown). As controls, 0.2 % DMSO alone and the OT receptor
antagonist atosiban were used. After incubation time, cells were
collected, lysed and cell lysate was stored at —80°C until analysis. COX-2
quantification was done with an ELISA kit (PathScan Total COX2
Sandwich ELISA Kit; Cell Signaling Technology, USA) according to
manufacturer’s instructions.

2.7. NFxB-p65 phosphorylation

Two days before the experiments were performed, hTERT-C3 cells
were seeded into 6-well plates (140’000 cell/well). The evening before
the experiment, cells were starved overnight with medium containing
only 1 % FBS. On the day of the experiment, cells were pretreated with
the test substances or 0.2 % DMSO for 30 min. Cells were then stimu-
lated with OT (100 nM) for 15min, and stimulation was stopped by
washing with ice-cold PBS followed by flash-freezing in liquid nitrogen.
Afterward, plates were kept at —20°C until further processing. For
protein extraction, cells were lysed with a cell lysis buffer containing
Halt™ protease and phosphatase inhibitor cocktail (both from Thermo
Fisher scientific, USA). The protein concentration of samples was
measured using Pierce™ BCA protein assay kit (Thermo Fisher scienti-
fic, USA) according to manufacturer’s protocol. Proteins (diluted for
equal loading) were separated in a Mini-Protean TGX Stain-Free Gels
(4-20 % gradient) and transferred to a PVDF membrane using the Trans-
Blot Turbo Transfer system (both Bio-Rad, USA) following manufac-
turer’s instructions. Membranes were cut at 55kDa and incubated in
primary antibody (upper half in phospho-NFxB-p65, 1:1000; lower half
in B-actin, 1:1000), overnight at 4°C, followed by incubation in horse-
radish peroxidase (HRP)-conjugated secondary antibody (1:3000) at
room temperature for 1h the next day (all antibodies from Cell Signal-
ling, Switzerland). Signal detection was done using SupersignalTM West
Pico Plus Chemiluminescent Substrate (Thermo scientific, USA).
Detection and quantification of band intensities was performed using
FusionCapt Advance system (Vilber, Eberhardzell, Germany). Blotting of
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membranes for p-actin enabled equal loading confirmation. For each
substance tested, four independent cultures of hTERT-C3 cell line were
used (n = 4).

2.8. Myometrial contractility

Myometrial biopsies were prepared for contractility studies in the
organ bath model as previously described [22,23]. In short, myometrial
biopsies (5g) were taken from women undergoing term elective
caesarean section after informed written consent (ethics approval:
KEK-ZH-Nr. 2014-0717, approval date 12.05.2015). The biopsy origi-
nated from the cranial edge of the uterotomy. In the lab, longitudinal
muscle strips of approximately 15 x 2x1 mm were cut, placed under
tensions and allowed to contract regularly. Then, test substances (ato-
siban 60 nM, BPJ 1 %) were added to the organ bath (pre-treatment) and
thereafter the concentration of stimulating PGFs, (Cayman Chemical,
USA) was continuously increased (10 nM, 100 nM and 1000 nM). Con-
tractions of myometrial strips were recorded throughout the experi-
ments by LabChart Pro 8.0.6 (ADInstruments, Oxford, UK) and analyzed
using the peak analysis module. Area under the curve (AUC) and
amplitude of each contraction were calculated. In each of the 10-min
phases, average AUC and average amplitude were taken as measures
for the strength of contractility, while the number of contractions was
taken as frequency. Changes in contraction strength (AUC and ampli-
tude) and frequency were then calculated as percentage of initial value
(regular spontaneous contractions) (Fig. 4A).

2.9. Proteomics

2.9.1. Sample Preparation

On day one, hTERT-C3 cells were seeded into transparent T75 cul-
ture flasks at a density of 750,000 cells/flask. After two days, cells were
exposed to BPJ 2 % or PBS as control for 24 h. Cells were collected and
the cell pellets were washed a total of three times (by aspirating the
supernatant and resuspending the cell pellet in 10 mL PBS). The cells
were then counted and approximately 1000,000 cells per condition were
collected and stored at —80°C for subsequent analysis of proteins. For
each sample, proteins were extracted using a tissue homogenizer (Tis-
sueLyser II, Qiagen, Germany) and digested by using a commercial iST
Kit (PreOmics) according to manufacturer’s protocol.

2.9.2. Liquid chromatography-mass spectrometry analysis

The peptides were washed, eluted, dried and re-solubilized in in-
jection buffer (3 % acetonitrile, 0.1 % formic acid), peptide concentra-
tions were estimated by means of a NanoDrop spectrophotometer,
injection amounts normalized to an absorbance of 0.3 at 280 nm and
subjected to LC-MS/MS analysis as previously described in [32].

Briefly, mass spectrometry analysis was done on an Orbitrap Fusion
Lumos system with a Digital PicoView source, coupled to an M-Class
UPLC. The solvent used in the analysis had two channels: channel A with
0.1 % formic acid and channel B with 0.1 % formic acid and 99.9 %
acetonitrile. Samples were prepared by loading diluted peptides onto a
C18 trap column and eluted through a gradient at a flow rate of 300 L/
min. The mass spectrometer was set to data-dependent mode, capturing
full-scan MS spectra within a 300-1500 m/z range at a resolution of
120,000. MS/MS data was collected using quadrupole isolation and HCD
fragmentation. The instrument operated with a rapid scan mode and
excluded certain precursor masses from further selection. The acquired
data were managed using a local LIMS system and deposited in the
ProteomeXchange Consortium’s PRIDE repository.

2.9.3. Protein identification and label free protein quantification

The acquired raw MS data were processed by MaxQuant (version
1.6.2.3), followed by protein identification using the integrated
Andromeda search engine (Cox and Mann, 2008) as described previ-
ously in [32]. In short, separate MaxQuant experiments were run for
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each sample set, using the SwissProt human proteome database. Fixed
and variable modifications included carbamidomethylation, methionine
oxidation, and N-terminal acetylation. Trypsin was used as the enzyme,
allowing for up to two missed cleavages. A false discovery rate of 0.01
for peptides and 0.05 for proteins was applied, with label-free quanti-
fication enabled. Results were validated in Scaffold software, requiring
at least two peptides per protein. Only proteins with an adjusted p-value
< 0.05 and a log2 fold change > + 1 were considered significant.

Significantly up and downregulated proteins were subjected to
STRING analysis to identify and characterize functional associations
among the proteins and retrieve interacting genes/proteins (STRING
Consortium, Version 11.0b, Switzerland).

2.10. Real-time PCR

Myometrial hTERT-C3 cells were seeded into 6-well plates (140’000
cells/well) on day one. After 24 h, test substances BPJ 2 % and PBS were
added to fresh culture medium and cells were incubated for 24 h. Total
RNA was isolated from hTERT-C3 myometrial cells using an extraction
kit (RNeasy Mini Kit, Qiagen, Germany) according to manufacturer’s
protocol, and its concentration and purity were measured using Nano-
Drop One (Thermo Fisher Scientific, USA). cDNA was prepared from
1 pg RNA using a High-Capacity RNA-to-cDNA Kit (Applied Biosystems,
Thermo Fisher Scientific, USA) according to manufacturer’s protocol.
Analysis of gene expression of COL1A1 (Hs00164004_m1) and COL1A2
(Hs00164099_m1), and the housekeeping enzyme glyceraldehyde 3-
phosphate dehydrogenase (GAPDH; Hs02758991 g1) was done using
TagMan primers and TagMan Fast Universal PCR Master Mix (all from
Applied Biosystems, Thermo Fisher Scientific, USA). Quantitative real-
time PCR was done with the Applied Biosystem 7500 Fast Real-Time
PCR System and QuantStudio software (both from Thermo Fisher Sci-
entific, USA). mRNA expression of COL1A1 and COL1A2 genes was
normalized to GAPDH expression and relative quantification to un-
treated condition was calculated using the -AACt method.

2.11. Statistical analysis

All experiments were performed at least three times independently
(see detailed indications in figure captions), and results are expressed as
mean = standard error of mean (SEM). Statistical analysis was
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performed using GraphPad Prism 10 Software. The Shapiro-Wilk test
was used to confirm normal distribution and a paired t-test was applied
to compare groups in all experiments, except in the contractility
experiment (organ bath), where a 2way ANOVA Dunnett’s multiple
comparison test was conducted.

3. Results

3.1. BPJ, fractions and single compounds do not reduce cell viability of
hTERT-C3 cells after 6 h

Fresh BPJ, fractions enriched in bufadienolides or flavonoids and the
main flavonoid aglycones of B. pinnatum including quercetin (75 % of
the aglycone fraction) have been previously shown not to diminish cell
viability after 24 and 48 h up to concentrations higher than those typi-
cally used in experiments [22]. Before investigating the effects of
lyophilized BPJ and isolated single compounds, we first assessed their
cell tolerability in the alamarBlue assay. Given that the maximum
exposure time in subsequent experiments was 6 h, this duration was
tested. Cell viability did not significantly decrease in the presence of
lyophilized press juice, fractions (Fig. 1A), bufadienolides (Fig. 1B), and
flavonoids (Fig. 1C) compared with the DMSO control. Triton X-100
served as positive control and here cell viability was close to 0 %.

3.2. Isolated single compounds of B. pinnatum do not influence OT-
induced intracellular Ca®* increase

We previously showed that BPJ inhibits the OT-induced increase of
[Ca2+]i in myometrial cells [25,26]. In the present study, the goal was to
identify the single compound(s) from BPJ that could be responsible for
this effect. None of the four tested bufadienolides and flavonoids led to
the inhibition of OT-induced increase of [Ca2+]i in our experimental set
up (Fig. 2). For comparison, the effect of quercetin, the most common
flavonoid aglycon in B. pinnatum, was investigated as well. In a con-
centration response experiment investigating the aglycon quercetin,
marked inhibitory effects were apparent (ICso = 25 pM; Fig. 2C). Several
combinations of isolated bufadienolides and flavonoids did not show
any inhibitory effect (Supplementary Figure 2).
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Fig. 1. Effect of lyophilized B. pinnatum juice, fractions and single compounds on cell viability of hTERT-C3 cells after 6 h. Possible cytotoxic effects of (A)
lyophilized press juice (BPJ 100 pg/mL), the bufadienolide-enriched fraction (BEF, 2.2 pg/mL), the flavonoid-enriched fraction (FEF, 17.4 pg/mL), (B)
isolated bufadienolides (1 pM) and (C) isolated flavonoids (20 pM) were investigated using the human myometrium cell line hTERT-C3. Viability assay
was performed after 6 h: DMSO 0.2 % served as vehicle control; Triton X-100 served as positive control and data are expressed as percent viability of
untreated cells. Data are presented as the mean + SEM + SEM of three independent experiments carried out in technical and biological triplicate (n = 3).

**¥*p < 0.0005 compared with control.
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Fig. 2. Effect of B. pinnatum compounds on oxytocin-induced intracellular Ca®" increase in human myometrial cells. Myometrial h\TERT-C3 cells were treated with
(A) bufadienolides (1 pM) and (B) flavonoids (20 uM) for 5 min before stimulation with OT (100 nM). Atosiban (100 nM) served as positive control, 0.2 % DMSO as
vehicle control. Data are presented as the mean + SEM of three independent experiments carried out at least in technical quadruplicate (n = 3); *p < 0.05 compared
to untreated condition.C: Concentration-response-curve of the flavonoid-aglycon quercetin inhibiting OT (100 nM) induced responses in hTERT-C3 cells. ICso was
determined at 25 pM. Markers show average peak AF/F fluorescent values; error bars SEM (n = 4); *p < 0.05, ***p > 0.0001 compared with untreated control.

3.3. Bufadienolides modulate OT-induced COX-2 expression in human
myometrial cells

Previous research showed that BPJ not only reduces the OT-induced
increase in [Ca%'];, but also attenuates the inflammatory pathway
activated by OT. More specifically, BPJ and BEF were shown to inhibit
the OT-induced activation of MAPKs, including SAPK/JNK and ERK1/2
[26]. Since COX-2 is one of the key pro-inflammatory enzymes partially
regulated by the activation of MAPKs and NFkB, the effect of test sub-
stances on the expression of this enzyme was investigated. Atosiban
(p = 0.011) and BEF (p = 0.013), but neither BPJ nor FEF, reduced the
expression of COX-2 (Fig. 3A). Out of the four investigated bufadieno-
lides, bersaldegenin-1,3,5-acetate (p = 0.009), bryophyllin A
(p = 0.033) and bersaldegenin-3-acetate (p = 0.048) led to a significant
reduction of COX-2 expression at a concentration of 1 pM, while
bersaldegenin-1-acetate increased COX-2 expression (p = 0.049)
(Fig. 3B). One isolated flavonoid (querceti-
n-3-0-a-L-Ara-(1—-2)-a-L-Rha) showed a slight tendency to increase the
expression of COX-2 but did not reach significance (p = 0.088; Fig. 3C).

3.4. Bufadienolides attenuate activation of NFxB-p65

Since the expression of COX-2 is also regulated by the activation of
NFkB, we investigated the effects of BPJ, fractions, and single com-
pounds on activation of NFkB subunit p65. In this experimental set up
and using the same conditions as in the COX-2 cell experiment, a slight
increase in phosphorylated NFxB-p65 upon treatment with OT was
visible. After pre-treatment (30 min), we found that atosiban signifi-
cantly attenuates phosphorylation of NFkB-p65 (p = 0.044; Fig. 3D), as
does BEF (p = 0.027; Fig. 3D) as well as the isolated bufadienolides
bryophyllin A and bersaldegenin-3-acetate (p = 0.019 and p = 0.027,
respectively; Fig. 3E). BPJ and bersaldegenin-1,3,5-orthoacetate showed
a slight but non-significant inhibitory effect (Fig. 3D and E). Three of the
tested flavonoids (diosmin, kaempferol-3-O-a-L-Ara (1—2)-a-L-Rha and
acacetin-7-O-a-L-Rha (1—2) p-D-Glc) had a slight increasing effect that
was not significant (p = 0.08; Fig. 3E).

3.5. B. pinnatum press juice prevents PGFy,-induced human myometrial
contractions ex vivo

Probably due to the low expression of prostaglandin receptors in

hTERT-C3 cells, we were not able to induce an increase in [Ca2+]i with
PGFy, in our experimental set up mentioned above (real-time PCR and
[Ca®*] results; Supplementary Figure 1). Alternatively, the myometrium
bath model was used. Here, a clear-cut PGFo,-induced increase in
contractility was observed (with increasing concentrations from 10 to
1000 nM). Pre-incubation of myometrial strips with atosiban 60 nM led
to an inhibition of the PGFo4-induced contractility, visible in the reduced
increase of AUC compared with control (DMSO). At PGF3, 1000 nM, the
AUC of atosiban-treated strips was at 70 % of control (p = 0.075)
(Fig. 4B). The amplitude of contractions in strips pre-treated with ato-
siban was also reduced, but only at the highest concentration of PGFy,
(Fig. 4C). Contraction frequency was not influenced by atosiban
(Fig. 4D).

Pre-treatment of myometrial strips with BPJ 1 % fully prevented
stimulation of AUC by PGFy,, at 1000 nM with a statistical significance
of p < 0.0001 (Fig. 4B). Additionally, it significantly reduced contrac-
tion amplitude by 50 % (p = 0.0004) (Fig. 4C). In line with previous
observations [22,33], contraction frequency was almost five times
higher in myometrial strips treated with BPJ 1 % (p < 0.0001) (Fig. 4D).

3.6. B. pinnatum juice downregulates expression of extracellular matrix
proteins (ECM)

To identify other potential regulatory effects of B. pinnatum in
myometrium that might contribute to its reported tocolytic effect, we
sought to characterize the influence of BPJ on the global protein profile
of not otherwise stimulated human myometrial cells in culture. A pro-
teomics approach led to the identification of 3093 proteins. After
quantification, the variation in relative abundance between 2 % BPJ
treated cells and control was determined. Table 1 displays a list of these
proteins, with cutoff values set at 1og2FC > + 1 and an adjusted p-value
< 0.05. Eight proteins (0.3 % of total) were significantly upregulated,
and 58 (1.9 %) were downregulated in the BPJ treated cells compared
with PBS control (Fig. 5A). Proteins that differed in relative expression
between the conditions were subjected to STRING functional network
analysis, a tool that retrieves interacting proteins and predicts potential
protein-protein interaction. For upregulated proteins, no functional as-
sociation was found (Fig. 5B). In the list of the downregulated proteins,
however, multiple proteins associated with the extracellular matrix
(ECM) can be found, including COL1A2, COL1A1, COL5A1, COL4A1l,
FN1, and FBN1. Fig. 5C shows their functional relation. The detected
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Fig. 3. Effect of B. pinnatum juice, fractions and compounds, and atosiban on oxytocin-induced COX-2 expression and NFkB activation. A, B, C: Myometrial hTERT-
C3 cells were incubated with B. pinnatum test substances and OT (100 nM) for 6 h. DMSO 0.2 % and atosiban 100 nM serving as controls. Test substances
included (A) lyophilized BPJ 100 pg/mL, corresponding concentrations of BEF (2.2 pg/mL) and FEF (17.4 pg/mL), (B) four bufadienolides (1 pM) and (C)
four flavonoids (20 pM). Total COX-2 expression was measured by ELISA and represented relative to unstimulated condition (only DMSO 0.2 % without
OT stimulation). D, E: In the phosphorylation experiments, hTERT-C3 cells were pretreated with (D) lyophilized B. pinnatum juice (BPJ; 100 pg/mL),
bufadienolide-enriched fractions (BEF; 2.2 pg/mL), flavonoid-enriched fractions (FEF; 17.4 pg/mL); (E) bufadienolides (1 pM) and flavonoids (20 pM) for
30 min before stimulation with OT (100 nM) for 15 min. Control conditions were DMSO (0.2 %) and atosiban (100 nM). Whole cell proteins were sub-
jected to western blot analysis with antibodies against phosphorylated NFkB-p65. Membranes were probed with p-actin to confirm uniform loading. Blot
images are from a representative experiment and data are expressed normalized to f-actin and relative to unstimulated control (only DMSO 0.2 % without
OT stimulation). Values represent the mean + SEM of six (A), five (B, C, D) or four (E) independent experiments; *p < 0.05, **p < 0.01 compared
to control.

protein networks are associated with processes like skin morphogenesis, pathways. None of the investigated single compounds produced the
endodermal cell differentiation, cellular response and collagen meta- observed inhibitory effect of BPJ on the OT-induced increase in [Ca®'];.
bolic processes (STRING analysis; Fig. 5D). To confirm the effect of BPJ One possible explanation is that the combination of several compounds
observed in the proteomics approach, we investigated its effect on the is necessary for the observed inhibitory effect of B. pinnatum. This

expression of COL1A1 and COL1A2 (the two proteins that were most assumption is based on previous findings showing that BEF and FEF
extensively downregulated) at mRNA level. BPJ reduced the expression exhibited a synergistic effect comparable to that of BPJ alone [26].
of both genes by about 40 % (p = 0.011 for COL1A1 and p = 0.019 for However, a combination of the isolated bufadienolides and flavonoids

COL1A2) (Fig. 5E). did not have the expected effect (data shown in Supplementary
Figure 2), suggesting that one or more relevant compounds remain un-

4. Discussion identified. We further attempted HPLC-microfractionation as an
approach to detecting a potential unknown constituent responsible for

4.1. Effect of isolated single compounds of B. pinnatum on OT-induced the inhibitory effect. However, none of the microfractions led to sig-
intracellular signaling nificant inhibition (data not shown). Possible explanations are that
compound concentrations may not have been sufficiently high in our

In the present work, we tested four bufadienolides and four flavo- assays, there could have been solubility problems, or a combination of
noids isolated from B. pinnatum to identify the compound(s) responsible compounds separated through the fractionation process may be neces-

for the observed inhibitory effect of BPJ on OT-induced signaling sary. Fractionation by preparative HPLC should be performed on a larger
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viability. B, C, D: The concentration of stimulating prostaglandin Fo, was continuously increased (10 nM, 100 nM and 1000 nM). DMSO served as negative control.
The graph shows (B) the area under the curve (AUC), (C) amplitude, and (D) frequency. Data was obtained with biopsies from five different patients (n = 5) and is
shown as percentage of stimulated probes compared with initial values. Results are presented as mean + SEM. Difference was analyzed with the Friedman test
followed by Dunn’s multiple comparisons test; *p < 0.05, **p < 0.01, ***p < 0.0005, ****p < 0.0001 compared to DMSO.

scale to allow testing at higher concentrations and the identification of
unknown molecules of relevance as well as possible synergistic in-
teractions in the future.

Herbal medicines are multi component complexes and it is often
assumed that several components are necessary for an observed bio-
logical effect [34]. As the effects of the complete press juice are observed
at relatively high concentrations (higher than 100 pg/mL), it appears
likely that a single compound might not be sufficiently effective on its
own. The relatively high Hill coefficient for the BPJ
concentration-response curve on OT-induced [Ca®T; signals in myo-
metrial cells also indicates a cooperative action, either at multiple target
sites or by multiple juice components [35]. Similar results were obtained
when inducing [Ca?*]; signaling with the analogous peptide hormone
vasopressin [35]. It is tempting to speculate that while some compo-
nents could affect binding to the corresponding membrane receptors
(OT and/or vasopressin), others could inhibit downstream events
involved in triggering Ca®" release from intracellular stores.

4.2. Bufadienolides inhibit pro-inflammatory effects of OT in human
myometrial cells

We confirmed previous findings [15,36] that OT activates inflam-
matory signaling pathways in human myometrium, as evidenced by the
increase in COX-2 expression. The inhibitory effects of bryophyllin A,
bersaldegenin-3-acetate and bersaldegenin-1,3,5-orthoacetate on
OT-induced COX-2 expression align with previous data showing the
inhibition of OT-induced activation of the inflammatory pathway by
BEF through reduced phosphorylation of MAPKs JNK/SAPK and
ERK1/2 [26]. These results are underlined by an inhibitory effect of
bryophyllin A and bersaldegenin-3-acetate on NFxB-p65 activation,
since the transcriptional factor also influences the expression of COX-2
and other inflammatory mediators [15].

The relevance of OT-driven activation of the COX-2-related pathway
in the treatment of preterm labor is supported by the fact that COX in-
hibitors are considered “possibly effective” in the management of pre-
term labor [10]. In an in vitro study investigating the effect of the OT

antagonists atosiban and nolasiban on PGFq,-stimulated contractility,
the promising concept of using an OT antagonist for additional inhibi-
tion of inflammatory processes was proposed. Both tocolytics success-
fully inhibited PGFy, induced contractility and suppressed the activation
of pro-inflammatory pathways including NFkB, MAPKs and COX-2 in
myometrium [16]. It is suspected that there is significant crosstalk be-
tween the OT receptors and other GPCRs relevant for myometrial
contractility, such as the prostaglandin receptor [37]. As a next step, it
would be interesting to investigate the effect of B. pinnatum compounds
on the production of PGFg, in vitro, to demonstrate the physiologic
relevance of the reduced expression of COX-2 mediated by
bufadienolides.

The inhibition of COX-2 and the resulting reduction in prostaglan-
dins is also an interesting therapeutic target for other pathologies related
to uterine contractions, such as dysmenorrhea. In the dysmenorrheic
uterus, high levels of prostaglandins, produced due to the increased
availability of arachidonic acid from cell membranes in the shed uterine
lining, are a significant contributing factor [38,39]. Given its
anti-inflammatory and pain-reducing effects demonstrated in vitro and in
vivo, B. pinnatum has recently been suggested as a potential treatment
option for menstrual pain, based on available data in the literature and a
case series involving five patients successfully treated with B. pinnatum
(see [27] and references therein).

Compounds in medicinal plants can often be used as markers to
standardize the production of plant extracts for herbal medication.
Producing plant extracts enriched in certain compounds that either
show profound therapeutic effects or unwanted effects is a common
approach to optimizing the effectiveness and safety of herbal medica-
tions. In the case of B. pinnatum, candidates would be the biologically
strongly active bufadienolides. Since one of the four investigated bufa-
dienolides exhibited the opposite effect compared to the others, showing
a significant increase in the OT-induced expression of COX-2, our work
demonstrates that specific effects of the various individual bufadieno-
lides should be considered.
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Table 1
List of significantly upregulated and downregulated proteins by B. pinnatum juice treatment of myometrial h\TERT-C3 cells.
D Gene symbol Gene name Fold change Adjusted
p-value
Upregulated
Q9oULX9 MAFF transcription factor MafF 3.227 0.004
P02794 FTH1 ferritin heavy chain 2.962 0.015
Q13277 STX3 syntaxin—3 2.525 0.016
Q16763 UBE2S ubiquitin-conjugating enzyme E2 S 2.301 0.008
P13747 HLA-E HLA class I histocompatibility antigen, alpha chain E 2.049 0.009
QINZQ7 CD274 programmed cell death 1 ligand 1 1.694 0.046
Q96FZ7 CHMP6 charged multivesicular body protein 6 1.469 0.047
(chromatin-modifying protein 6)
Q13501 SQSTM1 sequestosome—1 (ubiquitin-binding protein p62) 1.203 0.017
Downregulated
P08123 COL1A2 collagen type I alpha—2 chain —7.750 0.00003
P02452 COL1A1 collagen type I alpha—1 chain —6.745 0.00003
P15924 DSP desmoplakin —5.553 0.006
Q99715 COL12A1 collagen type XII alpha—1chain —5.545 0.005
P20908 COL5A1 collagen type V alpha—1chain —5.497 0.003
P02462 COL4A1 collagen type IV alpha—1 chain —5.485 0.003
Q15014 MORF4L2 mortality factor 4-like protein 2 —4.393 0.019
(transcription factor-like protein MRGX)
014530 TXNDC9 thioredoxin domain-containing protein 9 —4.203 0.006
(ATP-binding protein associated with cell differentiation)
P05997 COL5A2 collagen type V alpha—2 chain —3.837 0.004
Q14118 DAG1 dystroglycan (dystrophin-associated glycoprotein 1) —3.525 0.049
P82094 TMF1 TATA element modulatory factor (TMF) —3.469 0.014
P09486 SPARC secreted protein acidic and rich in cysteine (SPARC) —3.451 0.00003
Q9NZJ9 NUDT4 DIPP2 diphosphoinositol polyphosphate phosphohydrolase 2 —-3.039 0.003
(DIPP-2)
Q8NBJ4 GOLM1 golgi membrane protein 1 —-3.028 0.038
P02751 FN1 fibronectin (FN) —2.990 0.00011
Q15147 PLCB4 phospholipase C-beta—4 (PLC-beta—4) —2.861 0.011
P04818 TYMS thymidylate synthase -2.811 0.037
P35442 THBS2 thrombospondin—2 —2.709 0.037
Q16270 IGFBP7 MAC25 PSF insulin-like growth factor-binding protein 7 —2.642 0.00009
(prostacyclin-stimulating factor)
P35555 FBN1 FBN fibrillin—1 —-2.610 0.019
Q9UKI2 CDC42EP3 CDC42 effector protein 3 —2.442 0.046
076021 RSL1D1 ribosomal L1 domain-containing protein 1 —2.412 0.016
P12109 COL6A1 collagen type VI alpha—1 chain —2.394 0.009
P12110 COL6A2 collagen type VI alpha—2 chain —2.363 0.00028
Q9UBF1 MAGEC2 melanoma-associated antigen C2 —2.293 0.009
075976 CPD carboxypeptidase D (Metallocarboxypeptidase D) —2.282 0.006
Q9POPO RNF181 E3 ubiquitin-protein ligase RNF181 —2.128 0.013
Q96EIS TCEAL4 transcription elongation factor A protein-like 4 —2.100 0.0407
(TCEA-like protein 4)
Q6EMK4 VASN vasorin —2.055 0.015
Q9BZL1 UBL5 ubiquitin-like protein 5 —1.963 0.023
094925 GLS glutaminase kidney isoform, mitochondrial —1.882 0.015
Q8NBT2 SPC24 kinetochore protein Spc24 —1.863 0.047
Q9BRK5 SDF4 CAB45 calcium-binding protein (Cab45) —1.832 0.001
(stromal cell-derived factor 4) (SDF—4)
P26358 DNMT1 DNA (cytosine—5)-methyltransferase 1 -1.777 0.008
Q53QVv2 LBH protein LBH -1.737 0.019
P63218 GNG5 guanine nucleotide-binding protein subunit gamma—5 -1.720 0.019
043805 SSNA1 sjoegren syndrome nuclear autoantigen 1 —1.704 0.041
Q9Y237 PIN4 peptidyl-prolyl cis-trans isomerase NIMA-interacting 4 —1.661 0.017
P46939 UTRN utrophin -1.592 0.016
P07711 CTSL procathepsin L —1.587 0.034
015460 P4HA2 prolyl 4-hydroxylase subunit alpha—2 —1.556 0.003
076031 CLPX ATP-dependent Clp protease ATP-binding subunit clpX-like, mitochondrial —1.553 0.004
P42892 ECE1 endothelin-converting enzyme 1 —1.539 0.006
Q12841 FSTL1 follistatin-related protein 1 —1.499 0.025
Q9Y697 NFS1 cysteine desulfurase, mitochondrial —1.494 0.016
Q9BV57 ADI1 MTCBP1 1,2-dihydroxy—3-keto—5-methylthiopentene dioxygenase —1.447 0.019
P48960 ADGRES5 CD97 adhesion G protein-coupled receptor E5 —1.444 0.006
(Leukocyte antigen CD97)
Q8NFC6 BOD1L1 biorientation of chromosomes in cell division protein 1-like 1 -1.323 0.047
Q8TBA6 GOLGA5 golgin subfamily A member 5 —1.298 0.023
P23229 ITGA6 integrin subunit alpha—6 (CD49 antigen-like family member F) —1.280 0.011
P08238 HSP90AB1 heat shock protein HSP 90-beta —1.249 0.021
Q3KQU3 MAP7D1 MAP7 domain-containing protein 1 -1.236 0.037
000754 MAN2B1 lysosomal alpha-mannosidase -1.214 0.019
P11047 LAMC1 laminin subunit gamma—1 —1.208 0.008
P15586 GNS N-acetylglucosamine—6-sulfatase (Glucosamine—6-sulfatase) -1.131 0.009

(continued on next page)



L. Zurfluh et al.

Table 1 (continued)

Biomedicine & Pharmacotherapy 184 (2025) 117919

D Gene symbol Gene name Fold change Adjusted
p-value
075506 HSBP1 heat shock factor-binding protein 1 —1.081 0.009
P54709 ATP1B3 sodium/potassium-transporting ATPase subunit beta—3 —1.046 0.016
P33316 DUT deoxyuridine 5'-triphosphate nucleotidohydrolase, mitochondrial (dUTPase) -1.021 0.015
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Fig. 5. Effect of B. pinnatum juice on global protein profile in hTERT-C3 cells. A, B, C: Myometrial hTERT-C3 cells were incubated with fresh B. pinnatum juice
(BPJ 2 %) and PBS (control) for 24 h. Proteins were extracted and quantified. In the volcano plot (A), the horizontal axis represents the fold change (dotted line
indicates 1og2FC =+ 1) and the vertical axis the p-value (dotted line indicates p = 0.05). Each point represents a protein, with those on the right (green) being
upregulated proteins and those on the left (red) being downregulated proteins. In the functional protein association networks, upregulated (B) and downregulated (C)
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(n = 4); p<0.05.
4.3. BPJ inhibits PGF2,-induced myometrial contractility

The ability of BPJ to prevent PGFo,-stimulated contractions in the
organ bath model provides a further rationale for using this herbal
medication in indications where inflammatory processes and contrac-
tility play a role (as is the case in preterm labor and dysmenorrhea). At
the tested concentrations, BPJ seems more effective in inhibiting PGFoq-
induced contractions than atosiban, which suggests polypharmaceutical
effects for B. pinnatum.

Probably due to the low expression of the PG receptor in hTERT-C3
cells (Supplementary Figure 1), it was not possible to stimulate the
myometrial cell line used here with PGFy in the fluorescent Ca®* assay
to investigate the effects of BPJ and its constituents on PGFq,-stimulated
signaling. Further research using primary myometrial cells obtained
from women undergoing preterm labor or suffering from dysmenorrhea
would be beneficial in investigating the therapeutic potential of BPJ in
the respective indications. Finally, it should be mentioned that the in-
crease in contraction frequency in the myometrial strip model during
treatment with BPJ was observed and already discussed in previous
work. B. pinnatum preparations — unlike other tested tocolytics —

apparently induce a shift in labor contractions towards a different type:
high-frequency, painless, and, most importantly, ineffective contrac-
tions. These are commonly recognized in clinical practice and are often
interpreted as training contractions of the uterus, which do not lead to
labor. Retrospective studies on the tolerability of B. pinnatum have not
revealed any clinically significant increase in contraction frequency,
either when used alone or in combination with tocolytics [21,40,41].
Furthermore, no increase in contraction frequency was reported in a
prospective observational study, which included women with uterine
tachysystoles [42]. On the other hand, a significant reduction in
contraction frequency was observed after 4 hours of treatment with
Bryophyllum 50 % tablets in a previous randomized trial on acute
tocolysis (n = 13) [41].

4.4. BPJ reduces expression of extracellular matrix (ECM)-related
protein in human myometrial cells

The analysis of the effect of B. pinnatum on the global protein
expression profile in hTERT-C3 myometrial cells constitutes an unbiased
approach to gain knowledge about relevant pathways that may have
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been previously ignored. This approach revealed that BPJ causes a
downregulation of ECM-related proteins. The downregulation of
COL1A1 and COL1A2 was supported by the results of real-time PCR
analysis. Collagens are essential, strength-providing ECM constituents
that are not only relevant in the myometrium, but also in the structure of
fetal membranes [43] and cervical smooth muscle cells [44]. The role of
the ECM in various processes related to preterm birth is not yet fully
understood and requires further investigation. However, it has been
shown that collagen concentration increases with advancing gestation (a
two-fold increase of collagen type I and III in the third trimester) [45].
Additionally, in animal models, myometrium and cervix collagen have
been shown to undergo marked restructuring during pregnancy [46]
and to increase in the laboring myometrium of rats [47]. Therefore, a
reduction in expression of collagens and other ECM molecules in the —
otherwise unstimulated — myometrium seems to support the use of
B. pinnatum as a tocolytic. The modulation of ECM by B. pinnatum — at
mRNA and protein level — is certainly slower and with delayed onset
compared to its rapid effects on OT or NFkB signaling. These different
dynamics need to be taken into account in future investigations. Our
results — obtained with an immortalized myometrial cell line — should be
first confirmed in different cells or tissue samples. Additional clinical
conditions in which collagen reduction could be beneficial include
delayed cervical ripening, assisted reproduction, to achieve appropriate
endometrial microenvironment, and some phases of wound healing (see
[48] and[49], respectively). Excessive ECM reduction in fetal mem-
branes could have negative impact in pregnancy course. However, no
evidence for such an effect was observed so far, despite the widespread
use of B. pinnatum during pregnancy [40,50].

4.5. General translational aspects

By revealing modulation of various signaling pathways relevant for
preterm labor in human myometrial cells, our results seem to support
previous studies on the therapeutic use of B. pinnatum preparations in
tocolysis. In brief, a retrospective matched pairs study against standard
treatment [51] led to two prospective, randomized trials — one for the
prevention, and one for the treatment of premature contractions — which
were terminated prematurely due to slow recruitment of participants
[41]. Nevertheless, the results of the discontinued study on the acute
treatment of premature contractions with B. pinnatum were promising
enough to include B. pinnatum as the only herbal preparation among
candidate substances with medium potential for preterm birth treatment
in clinical development identified by the Accelerating Innovations for
Mothers (AIM) database [52]. The good tolerability and safety of
B. pinnatum, which has been reported in previous clinical studies [41,
53-57] and surveys [42,50], would support this candidate for preterm
birth treatment. However, additional translational research is needed to
confirm our observations in clinical settings.

Our previous work on myometrium contractility at the tissue level
[23], point towards bufadienolides as class of molecules relevant for
contractility inhibition. The same applies to previous and current data
on inhibition of pro-inflammatory effects of OT by BPJ at the myome-
trium cell level (inhibition of MAPKs activation [26] and reduction of
COX-2 expression). Bufadienolides exhibit a wide range of biological
properties. They are present in several traditional remedies and their
pharmacological activities have been extensively investigated [58].

A main limitation to the translation of our in vitro findings to clinical
use is the lack of any pharmacokinetic studies for BPJ constituents to
date. After oral application, they could undergo first-pass metabolism
which may change their pharmacology. Nevertheless, it is worth
mentioning that investigation of pharmacokinetic properties of different
bufadienolides in the rat model after i.v. application revealed apparent
elimination half-life values ranging from 18 to 80 minutes [59]. To put
the existing data into context, although interspecies differences are
likely, atosiban - which also inhibits the OT-induced increase of [Ca2+]i -
has an estimated half-life of 18 minutes in humans [60]. Future studies
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are needed to investigate the pharmacokinetics of bufadienolides from
B. pinnatum in vivo and ideally in clinical trials. A short elimination time
of bufadienolides speaks against relevant intestinal transformation;
however, we can add that no changes in the similar molecule bufalin
have been detected in the presence of intestinal microbiota of human
origin (own unpublished observations). As for the highly abundant fla-
vonoids, they are likely to be deglycosylated and transformed in the
presence of intestinal microbiota [61]. A final limitation of our work is
that the results were obtained using a transformed myometrial cell line,
which might have different expression patterns and functional proper-
ties than in situ myometrial tissue exposed to hormones and embedded in
a complex tissue matrix. While the used hTERT-C3 cell line offers the
advantage of robust growth in culture, it does not reflect the exact sit-
uation pertaining in the myometrium of a pregnant woman.

5. Conclusion

In this study, we confirm and expand knowledge on the effect of BPJ
on myometrial signaling pathways. Our findings provide deeper insights
into the mechanism of action of herbal medications based on B. pinnatum
by revealing the effect of single compounds (mainly bufadienolides) that
reduce OT-induced COX-2 expression and attenuate NFkB activation in
myometrial cells. Additionally, they demonstrate an impact on prosta-
glandin signaling pathways, which modulate myometrial contractions.
Finally, we show that B. pinnatum also leads to the downregulation of
ECM proteins.

Taken together, our findings further support research on B. pinnatum
as a candidate tocolytic, and provide additional rationales for in-
vestigations regarding its application in other conditions with related
pathologies, such as dysmenorrhea.
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