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Abstract

Derived from the estrane progestins, mifepristone was the first synthetic steroid of this class employed as abortifacient in the first
months of pregnancy. Mifepristone reduces high potassium-induced contraction and prevents calcium-induced contraction. At the
vascular level, mifepristone induces direct relaxation in rat and human arteries, and this effect seems to be endothelium- and NO
independent, suggesting that the vascular smooth muscle is its target. Moreover, mifepristone’s effect could involve the mod-
ulation of different calcium channels. The aim of the present study is to analyze the involvement of calcium channels in the
relaxation induced by mifepristone on vascular smooth muscle cells (VSMCs). Planar cell surface area (PCSA) technique was used
to analyze the effect of mifepristone on the VSMC contractility, and the whole cell configuration of patch-clamp technique to
measure the activity of L-type Ca>" channels (LTCC) in A7r5 cells. Regarding the PCSA technique, mifepristone induced
relaxation of the VSMC previously contracted by different agents. Also, a rapid inhibitory effect on basal and BAY K8644-
stimulated calcium current was observed, which indicates that this drug has the ability to block LTCC. These results suggest
that mifepristone induces relaxation on the VSMCs due to the inhibition of the calcium channels.
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nuclear receptors. Thus, mifepristone is a potent antiprogester-
one and antiglucocorticoid and a weak antiandrogen drug.®®
Concerning the nongenomic effect of mifepristone, only a
few studies described this effect. First, Haluska et al showed
that during late pregnancy of the rhesus macaque, mifepristone
does not induce delivery and may even cause a decrease in uter-
ine contractile activity.” Moreover, Wolf et al showed that
mifepristone has a nongenomic effect decreasing monkey uter-
ine contraction.'” More recently, Perusquia et al observed a
relaxing effect induced by mifepristone in the rat myometrium
that was slightly higher than the produced by progesterone.'’
Moreover, Perusquia and collaborators observed that the
treatment with mifepristone reduces high potassium-induced
contraction and prevents calcium-induced contraction in
depolarized myometrium tissue and relaxes the oxytocin and

Introduction

The discovery of the first highly effective progesterone antago-
nist was made in the 80s and was designated as mifepristone or
RU 486.' Structurally, mifepristone (RU 486) is a member of
a class of compounds that is related to steroid hormones and is
derived from the estrane progestins.* It was the first synthetic
steroid of this class employed as an abortifacient, due to the
blockage of progesterone action which increases the uterine
contractility, sensitizes the myometrium to prostaglandins, and
elicits cervical maturing.*> As this is a drug used for early ter-
mination of pregnancy (TOP) and can affect vascular function,
it is important to know the extent of its vascular effects and the
mechanism(s) involved. In relation to the effect of mifepris-
tone, there are 2 different mechanisms. In the genomic mechan-
ism, this signaling drug modulates gene transcription due to the
interaction with nuclear receptors. However, this drug can also
induce rapid (seconds to minutes) nongenomic effects, which

are reversible and insensible to transcription and protein
synthesis inhibitors.*®’ Regarding the genomic mechanism,
mifepristone exhibits a strong affinity for the progesterone and
glucocorticoid nuclear receptors and exerts a competitive
antagonism in both receptors. Apart from these receptors, mife-
pristone has the ability to bind to a lesser extent to the androgen
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prostaglandin-induced contractions.* These authors suggested
that this effect is due to nongenomic mechanisms, since the
relaxation produced by mifepristone may involve a reduction
in calcium influx. Furthermore, they suggested that mifepris-
tone may block different types of Ca®" channels.*’ However,
only Perusquia et al and Cairrao et al have demonstrated the
vasorelaxant effect in vascular beds.”'

However, it also induces nongenomic effects by mechan-
isms that were not elucidated yet. These actions induce smooth
muscle relaxation and are responsible for side effects of mife-
pristone. Therefore, the purpose of this study was to analyze the
mechanisms and the involved effectors implicated in the vaso-
dilator effect of mifepristone. These effectors could be target of
other drugs or endogenous substances, and this knowledge
could disclose possible interactions. To elucidate this, the mife-
pristone effect on cell contractility and on calcium channels
activity (Ic,) was analyzed in A7r5 cells by planar cell surface
area (PCSA) and the whole cell configuration of the patch-
clamp technique, respectively.

Methods
Cell Culture of Vascular Smooth Muscle Cells

The A7r5 cells are a commercial cell line from aorta smooth
muscle cells from rat (Rattus norvegicus) embryo that have the
same typical properties of smooth muscle cells and are cur-
rently used as a model of vascular smooth muscle cells. This
is a vascular smooth muscle cell line obtained from embryonic
rat aorta (Promochem, Spain). Cells from A7r5 line from cul-
tures performed in different flasks were used. The cells were
grown in culture medium Dulbecco Modified Eagle Medium/
Nutrient Mixture F-12 Hams (DMEF-F12; Sigma-Aldrich, Por-
tugal) supplemented with NaHCO; (1.2 pg/L), L-ascorbic acid
(20 pmg/L; Sigma-Aldrich), bovine serum albumin (0.5%;
Sigma-Aldrich), heat-inactivated fetal bovine serum (FBS;
10%; Biochrom), and a mixture of penicillin (100 u/mL), strep-
tomycin (100 g/mL), and amphotericin B (250 ng/mL; Sigma-
Aldrich). The cells were kept in culture at 37°C in a humidified
atmosphere with 5% CO, in air. After confluence, the cells
were placed in culture medium without FBS (FBS-free culture
medium) for 24 to 48 hours. Trypsinization was made using a
solution of trypsin (0.3%) in Ca®'—Mg”"-free, phosphate-
buffered solution with EDTA (0.025%). Subsequently, the cells
were kept at 4°C in FBS-free medium until the realization of
the electrophysiological experiments or plated in specific Petri
dishes for contractility experiments.

Contractility Experiments in Cell Culture of Vascular
Smooth Muscle Cells

The studies on cell contractility with VSMCs were performed
using the PCSA as described previously.'*'* This technique
allows the study of the changes in cell surface area by recording
images of the cells and analyzing the decrease or the increase in
the area showing cell contractility or relaxation, respectively.

Briefly, the A7r5 cell line was sparsely seeded onto 6-well
culture plates in culture medium. After cell attachment, conflu-
ent cells were placed in culture medium without FBS (FBS-free
culture medium) 24 hours before trypsinization, which was
made using a solution of trypsin (0.3%) in a Ca*t—Mg*"-free,
phosphate-buffered solution with EDTA (0.025%). After tryp-
sinization, the cells were plated (500 pL) in specific Petri
dishes coated with collagen (5 pg/cm?) and placed at 37°C in
an atmosphere of 95% air and 5% CO, during 4 hours. After
this incubation period, the cells were washed 4 times with
500 pL of phosphate-buffered saline.

The cells were observed using an inverted fluorescence micro-
scope (Zeiss Axio Observer Z1, Jena, Germany). Microphoto-
graphs of groups of 2 or more cells were taken along the
length of each experiment. The microphotographs were taken
before and after (~ 20 minutes) the addition of the different drugs
and agents. This waiting time ( ~ 20 minutes) is the time needed
to obtain a maximal response in which a plateau phase of the
effect is achieved. The pictures of the cells were taken by a
high-speed monochrome digital camera Axio Cam Hsm (Zeiss,
Jena, Germany) and analyzed in a computer (HP Z800 Work-
station) using the Axionvision software (Zeiss, Jena, Germany).
This analysis consisted in the measurement of the cell area using
the supplementary “Automatic Measurement program” (Zeiss).
To assure variability in the data, the same experimental protocol
concerning the drug addiction was performed in different cells.

Electrophysiology Experiments

The whole cell configuration of patch-clamp technique was
used to analyze the L-type Ca’" channels (LTCC) current
(Ica, L)- To analyze the Ic,, r, the control external solution
containing (mmol/L) NaCl 124.0, CaCl, 5.0, 4-(2-hydro-
xyethyl)-1-piperazineethanesulfonic acid (HEPES) 5.0, tetra-
ethylammonium sodium salt (TEA) 10.0, KCI 4.7, and
glucose 6.0, pH 7.4 adjusted with NaOH. Patch electrodes (2-
4 MQ), were filled with internal solution (mmol/L): CsCl
119.8, CaCl, 0.06, MgCl, 4.0, Na-ATP 3.1, Na-GTP 04,
EGTA 5.0, HEPES 10.0, and TEA 10.0, pH 7.3 adjusted with
CsOH. The presence of Cs* instead of K* in the solutions
blocked the potassium currents. The cells were maintained at
a holding potential of —80 mV and routinely depolarized every
8 seconds to 0 mV test potential during 500 ms to measure I, 1.

Basal I¢,, 1. was measured 3 to 5 minutes after patch break to
allow the equilibration between pipette and intracellular solu-
tions. Currents were not compensated for capacitance and leak
currents. All experiments were done at room temperature
(21°C-25°C), and the temperature did not vary by more than
1°C in a given experiment. The cells were voltage clamped
using the patch-clamp amplifier Axopatch 200B (Axon instru-
ments). Currents were sampled at a frequency of 10 kHz and
filtered at 0.1 kHz using the analog—digital interface Digidata
1322A (Axon Instruments, Sunnyvale, California, USA) con-
nected to a compatible computer with the Pclamp8 software
(Axon Instruments). The external solution was applied to the
cell proximity by placing the cell at the opening of a 250 um
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Figure I. Pictures from a typical contractility experiment with A7r5 cells using the planar cell surface area (PCSA) technique. A cell in absence
of drugs (A) has an area of 1559 02 11?2 was contracted by noradrenaline | pumol/L (B) showing a decrease in the area to 1366 67 % after con-
traction, the application of mifepristone relaxed the cells (C) until an area of 1402 87 p2.

inner diameter capillary tube flowing at a rate of 20 pL/min.
The basal and BAY K864-stimulated (10 nmol/L) Ic,,  were
studied in the presence of different concentrations of mifepris-
tone (0.1-100 umol/L) dissolved in the external solution.

Drugs

Nifedipine, BAY K8644, serotonin (5-HT), noradrenaline
(NA), NaCl, CaCl,, HEPES, TEA, KCI, CsCl, MgCl,,
Na-ATP, Na-GTP, and EGTA were purchased from Sigma-
Aldrich Quimica (Sintra, Portugal), except mifepristone,
which was purchased from Biogen Cientifica (Madrid,
Spain).

Mifepristone, BAY K8644, and nifedipine were initially
dissolved in ethanol, and 5-HT and NA were made up in dis-
tilled water. Appropriate dilutions in the corresponding electro-
physiology external solution were prepared every day before
the experiment. Final concentration of ethanol never exceeded
0.02% in the experiments.

Statistical Analysis

Statistical treatment of data was performed using the SigmaStat
Statistical Analysis System, version 1.00 (1992). Results are
expressed as mean =+ standard error of the mean of n experi-
ments. Comparison among multiple groups was analyzed by
using a 1-way analysis of variance followed by Tukey post hoc
test to determine significant differences among the means.
Comparison between 2 groups was analyzed using Students
t test. Probability levels lower than 5% were considered signif-
icant (P < .05).

The Ic, 1 amplitudes were automatically calculated
between the maximum current peak and the stable current
plateau near the final of the every 8-second pulse. The
Ica, L variations induced by the different drugs used are
expressed as a percentage of the basal or BAY K8644-
stimulated Ic,, L.

Results

Effects of Mifepristone on Cellular Contractility

The changes in the cell area of A7r5 cells were quantified
along the time and in presence or absence of different drugs
(Figure 1). The maximal concentration of ethanol was 0.02%,
the vehicle used to dissolve mifepristone did not affect basal
(4.84% + 0.92%, n = 8) or contracted by NA (9.63% =+
6.01%, n = 6) or by 5-HT (4.15% + 2.95%, n = 8).

The effect of mifepristone (0.1-100 pmol/L) was studied
after contraction of A7r5 cells by 5-HT and NA. These 2 con-
tractile agents are physiological regulators of vascular contrac-
tility due to stimulation of their respective receptors.

Figure 2 summarizes the results of several experiments in
which mifepristone induced a relaxant effect on cells previ-
ously contracted by NA (0.1 pmol/L) or by 5-HT (1 pmol/L).
As shown in the figure, this effect is concentration dependent,
since the percentage of relaxation increases with cumulative
concentrations of the drug. However, in cells precontracted
with 5-HT, the relaxant effect of mifepristone is lower from
2 concentrations, 10 and 100 pmol/L (P < .05, Student ¢ test)
than in cells contracted by NA, wherein the relaxant percentage
varies between 32.99% and 57.06% in 5-HT contracted cells
and between 40.93% to 82.49% when cells were contracted
by NA. Thus, according to these results mifepristone induces
relaxation of the A7r5 cells contracted either by NA or SHT.

Effects of Mifepristone on LTCC

The whole-cell patch clamp technique was used to record
LTCC currents in A7r5 cells.'® The mean value of Ica, L density
was of 0.45 + 0.06 pA/pF (n = 36). Basal current amplitude
was measured 3 to 5 minutes after patch break to allow the equi-
libration between the pipette and the intracellular solutions.
Figure 3 summarizes these effects and shows that at concen-
trations of 10 and 100 pmol/L, mifepristone inhibits basal I,
and this inhibition is rapid and reversible after washout. These
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Figure 2. Relaxant effect of mifepristone (0.1-100 pmol/L) in A7r5
cells contracted with noradrenaline (0. pmol/L) and serotonin
(I umol/L). Each column represents the mean value and the lines the
standard error of the mean (SEM) of the number of experiments
stated above the columns. *P < .05 noradrenaline contraction versus
serotonin contraction, Student t test. The effects are expressed in
percent relaxation over the initial area.
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Figure 3. Effects of mifepristone on basal calcium channels activity
(Ica)- Summary of the inhibitory effects of mifepristone (0.1-100
umol/L) on A7r5 basal L-type Ca®" channel current (lc,, ). Each col-
umn represents the mean value and the lines the standard error of the
mean (SEM) of the number of experiments stated above the columns.
The effects are expressed in percent variation over the amplitude of
basal Ic,. Distinct letters (a, b, and c) indicate significant differences
(P < .05, one-way ANOVA with Tukey post hoc test).

results indicate that mifepristone inhibits LTCC at the highest
concentrations (10 and 100 pmol/L). Figure 4 also shows a typical
experiment in which different concentrations (0.1-100 pmol/L)
of mifepristone inhibited the basal I, | in a reversible way.
Bay K8644, a direct activator of the LTCC, was used to ana-
lyze the mifepristone effect on stimulated Ic,. The application

Figure 4. Original records showing the effect of increasing concen-
trations of mifepristone (0.1-100 pmol/L) on basal L-type Ca>" chan-
nel current (lc,, ) amplitudes measured in Patch-clamp experiments
performed with A7r5 cells.

of Bay K8644 (0.01 pmol/L) significantly stimulated the cal-
cium current by 86.06% + 14.08% (n = 6) above the basal
level. On the other hand, the maximal concentration of nifedi-
pine used (10 pmol/L; LTCC inhibitor) significantly reduced
the current on 78.75% =+ 3.76% (n = 7) of the basal current
(P < .05). The effect obtained with concentrations of 0.1 and
1 pmol/L of nifedipine was not different from the maximal
effect (Figure 5). Even so, the effects of BAY and/or nifedipine
were completely reversible upon washout of the drug. These
results indicate that the current analyzed is a Ic,, .

Figure 6 shows that mifepristone (0.1-100 pmol/L) inhibits
the stimulated Ic,. This effect is concentration dependent.
These results indicate that mifepristone also inhibits stimulated
Ica, and this inhibition is rapid and reversible after washout.

The maximal concentration of ethanol (0.01%), the vehicle
used to dissolve mifepristone and nifedipine, did not affect
basal nor stimulated Ic, ¢ (—1.93% + 1.46%, n = 14 and
89.5793% + 7.14%, n = 8, respectively).

Discussion

Mifepristone is used for early TOP, cervical dilatation prior to
surgical TOP, preparation for prostaglandin-induced TOP dur-
ing the second trimester, and expulsion of a dead fetus during
the third trimester. Over the years, several studies have been
conducted to study the mifepristone effects. This antiprogestin
is implicated in some mechanisms, including genomic and
nongenomic. Concerning the genomic mechanisms, this drug
antagonizes mainly the progesterone and glucocorticoid recep-
tors, being implicated in the modulation of gene transcription.
The nongenomic effects of mifepristone don’t require gene
transcription or protein synthesis. According to other authors,
the nongenomic effects may occur by different mechanisms:
(1) direct effect in calcium channels; (2) binding to membrane
receptors; and (3) binding to membrane nuclear receptors.
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Figure 5. Effects of nifedipine on basal calcium channels activity (Ic,).
Summary of the inhibitory effects of nifedipine (0.01-10 umol/L) on
basal L-type Ca*" channel current (Ic,, () in A7r5 cells. Each column
represents the mean value and the lines the standard error of the
mean (SEM) of the number of experiments stated above the columns.
The effects are expressed in percent variation over the amplitude of
basal Ic,. Distinct letters (a and b) indicate significant differences
(P < .05, one-way analysis of variance [ANOVA] with Tukey post hoc
test).
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Figure 6. Effects of mifepristone on BAY-stimulated calcium channels
activity (lc,). Summary of the inhibitory effects of mifepristone
(0.1-100 pmol/L) on the I, stimulated by BAY (0.01 pumol/L). Each
column represents the mean value and the lines the standard error
of the mean (SEM) of the number of experiments stated above the
columns. The effects are expressed in percent variation over the
amplitude of BAY-stimulated Ic,. Distinct letters (a, b, and c) indicate
significant differences (P < .05, one-way analysis of variance [ANOVA]
with Tukey post hoc test).

The vascular effects were not extensively studied and it is
crucial to analyze the extent of short-term (nongenomic) effects
and the mechanisms involved. In this sense, Perusquia and col-
laborators suggested that the relaxation produced may involve

a reduction in extracellular calcium influx, probably by block-
ing the voltage-operated Ca®" channels.*” In order to study the
mechanism involved in the direct effects of mifepristone at the
vascular level, we used the PCSA technique to measure cell
contractility in A7r5 cells. These cells were precontracted with
2 different contractile agents, NA and 5-HT, and the effect of
mifepristone was analyzed.

In previous studies using other techniques, several authors
observed that mifepristone induces a rapid and reversible
relaxation in vascular smooth muscle cells from rat aorta and
relaxing effect on human and rat myometrium.*”'" Our data
also showed that the effect obtained with mifepristone is rapid
and reversible, which suggested that mifepristone acts through
a nongenomic mechanism. Other authors also observed similar
results, with vascular smooth muscle relaxation being induced
by testosterone in human umbilical artery and rat'®?* and by
progesterone and 17B-estradiol in rat aorta, rat uterus, and pig
coronary arteries'>'*?1?>2% pecause they are rapid in onset
and not modified by inhibitors of protein synthesis.?**° Our
results clearly show that mifepristone induces relaxation in the
vascular smooth muscle cells, and this effect is dose dependent.
Moreover, in cells contracted with NA, this relaxation is more
pronounced than in cells contracted with 5-HT. This difference
may be explained by the different vascular action mechanism
of both contractile agents. Serotonin mediates the smooth mus-
cle contractility through the activation of different receptors
(5-HT}, 5-HT,, and 5-HT5). The 5-HT g and 5-HTp, receptors
are coupled to Gi/GO protein, which inhibits adenylate cyclase
and induces contraction; 5-HT,4 is coupled to Gq protein and
activates phospholipase C, resulting in contraction. On the
other hand, the 5-HT; receptor is coupled to Gs protein, which
stimulates adenylate cyclase inducing vasorelaxation.**>! The
overall effect of 5-HT is the combination of the action of these
receptors. It has been reported that multiple adrenoceptor
subtypes, at least including alA-, alB-, alD-, B1-, and
2-adrenoceptors, are expressed in vascular smooth muscle
cells. Noradrenaline is involved in the contraction, by binding
to al-adrenergic receptors, which are associated with differ-
ent Gq proteins, causing the increase in [Ca**]; which results
in contraction.*** On the other hand, the p1- and B2-adreno-
ceptors are coupled to Gs protein, which stimulates adenylate
cyclase inducing vasorelaxation.***> Moreover, since the sti-
mulation of 5-HT and NA receptors can induce the influx
of extracellular calcium via voltage- or receptor-operated
calcium channels,*® we can also hypothesize that this vasor-
elaxant effect induced by mifepristone in A7r5 could be due
to a decrease in calcium influx by blocking the receptor-
operated channel.

Knowing that the [Ca®"]; is the main determinant of smooth
muscle contraction/relaxation,®’ after analyzing the effect of
mifepristone on the contractility, it became necessary to study
the effect that this drug might have on Ca®" currents. So, we
analyzed the effect of mifepristone on the activity of LTCC
in A7r5 cells. Like we previously showed, the calcium current
measured in the A7r5 cells was only due to the LTCC channels.'?
These voltage-dependent slow inactivated inward currents were
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obtained in cells by large depolarization of the plasma mem-
brane. In our study, the electrophysiological and pharmacolo-
gical characterization of the Ca>" current in vascular smooth
muscle cells from rat aorta was performed with the BAY (a
dihydropyridine known as a specific agonist of LTCC) and
previously with nifedipine (a specific blocker of LTCC) to
insure the LTCC nature of this current.

Mifepristone relaxed contracted A7rS cells in a
concentration-dependent way and inhibited the basal I¢,, this
effect being bigger at the highest concentrations (10-100
pmol/L). These results show that this drug has the ability to
inhibit LTCC activity in vascular smooth muscle cells from rat
aorta. Furthermore, mifepristone also inhibits BAY-stimulated
Ic. at the higher concentrations (10 and 100 umol/L) confirm-
ing the inhibitory effect on I¢,. These data are according to the
observed for several sex hormones, like Cairrao et al, Zhang
et al, and Nakagima et al, which showed that sex hormones
induce vasorelaxation, through the activation or inhibition of
ionic channels.*®** This inhibition can be performed by differ-
ent mechanisms, in a direct or an indirect manner. Concerning a
direct effect, Montafio et al showed that the vasodilator effect
induced by S5B-DHT selectively blocks voltage-dependent
calcium channels by acting as a pure Ca>" antagonist (from
nmol/L to pmol/L), as well as testosterone at nmol/L concen-
trations.*® The concentration range used in this study was lower
than the plasma concentrations detected in patients after the
administration of 200 to 600 mg mifepristone (2 mmol/L).}
In this sense, the range of concentrations analyzed in this work
is physiological.

Regarding the indirect effect of steroids, several investiga-
tors have demonstrated that the vasorelaxant effect of the
sex hormones is due to increased levels of cyclic guanosine
monophosphate (¢cGMP)**** and cyclic adenosine monopho-
sphate.*> Cairrdo et al showed that testosterone induces vasor-
elaxation because it increases the cGMP levels by activating
particulate GC.** Mugge et al also showed that the increase
of cyclic nucleotide levels is associated with the vasodilator
effects of 17B-estradiol in human coronary artery,*® indicating
a participation of a second messenger which rules out the direct
LTCC inhibition hypothesis. Concerning mifepristone, few
studies tried to analyze the mechanism by which this drug
induces relaxation (nongenomic effects). Perusquia et al sug-
gested that mifepristone blocks the calcium channels in the
same way as the other steroids and concluded that a nonge-
nomic effect of mifepristone is produced before its journey into
the cell for its genomic action.*”*” Furthermore, Parra et al
showed that cGMP is the intracellular mediator involved in the
relaxant effect of mifepristone in the rat uterus, assuming that
this effect may be cGMP dependent.?® Our data seem to agree
with the idea that the mechanism of mifepristone can be
mediated by changes in the concentration of a cyclic nucleo-
tide, once we obtained differences in the percentage of relaxa-
tion between NA and 5-HT.

In conclusion, our results demonstrate for the first time that
there is an inhibition on I¢, induced by mifepristone, which is
consistent with the also observed vasodilator effect of this drug.

Mifepristone inhibits basal Ca®>" current and also, and more
powerfully, the LTCC agonist-stimulated Ic, (BAY stimu-
lated), by a rapid and nongenomic mechanism. As the block-
age of LTCC reduces intracellular free calcium concentration,
the vascular smooth muscle cells relax, as demonstrated by the
results obtained by PCSA. Like hypothesized by Perusquia
et al,” our data clearly shows that mifepristone induced a non-
genomic relaxant effect due to the blockage of the LTCC. The
mechanism of mifepristone can be direct or indirect and, in this
sense, further studies must be done to clarify this subject.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: We thank
the Fundacéo para a Ciéncia e a Tecnologia (Portugal) for supporting
the grant PEst-OE/SAU/UI0709/2014 financed by the COMPETE
program and for supporting the grant UID/MULTI/00709/2013.

References

1. Gagne D, Pons M, Philibert D. RU 38486: a potent antiglucocor-
ticoid in vitro and in vivo. J Steroid Biochem. 1985;23(3):
247-251.

2. Spitz IM, Robbins A. Mechanism of action and clinical effects of
antiprogestins on the non-pregnant uterus. Hum Reprod Update.
1998;4(5):584-593.

3. Schaff EA. Mifepristone: ten years later. Contraception. 2010;
81(1):1-7.

4. Perusquia M, Espinoza J, Navarrete E. Nongenomic uterine relax-
ing effect of RU 486 (mifepristone) prior to its antiprogesterone
activity in the human pregnancy. Steroids. 2009;74(10-11):
825-831.

5. Bygdeman M, Swahn ML. Termination of early pregnancy with
antiprogestin and prostaglandin. Lakartidningen. 1988;85(47):
4040-4041.

6. Sitruk-Ware R. Mifepristone and misoprostol sequential regimen
side effects, complications and safety. Contraception. 2006;74(1):
48-55.

7. Perusquia M, Espinoza J, de la Pena A. Mifepristone (RU 486)
induces vasodilation and inhibits platelet aggregation: nonge-
nomic and genomic action to cause hemorrhage. Contraception.
2011;84(2):169-177.

8. Sitruk-Ware R, Spitz IM. Pharmacological properties of mifepris-
tone: toxicology and safety in animal and human studies. Contra-
ception. 2003;68(6):409-420.

9. Haluska GJ, Stanczyk FZ, Cook MJ, Novy MJ. Temporal changes
in uterine activity and prostaglandin response to RU486 in rhesus
macaques in late gestation. Am J Obstet Gynecol. 1987;157(6):
1487-1495.

10. Wolf JP, Sinosich M, Anderson TL, Ulmann A, Baulieu EE, Hod-
gen GD. Progesterone antagonist (RU 486) for cervical dilation,
labor induction, and delivery in monkeys: effectiveness in combi-
nation with oxytocin. Am J Obstet Gynecol. 1989;160(1):45-47.



Mariana et al

729

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Perusquia M, Kubli-Garfias C. Progesterone-like relaxant effect
of RU 486 in the rat myometrium. Life Sci. 1994;54(20):
1501-1506.

Cairrao E, Alvarez E, Carvas JM, Santos-Silva AJ, Verde 1. Non-
genomic vasorelaxant effects of 17beta-estradiol and progester-
one in rat aorta are mediated by L-type Ca2+ current inhibition.
Acta Pharmacologica Sinica. 2012;33(5):615-624.

van Borren MM, Verkerk AO, Vanharanta SK, Baartscheer A,
Coronel R, Ravesloot JH. Reduced swelling-activated CI(-) cur-
rent densities in hypertrophied ventricular myocytes of rabbits
with heart failure. Cardiovasc Res. 2002;53(4):869-878.

Peiro C, Angulo J, Rodriguez-Manas L, et al. Vascular smooth
muscle cell hypertrophy induced by glycosylated human oxyhae-
moglobin. Br J Pharmacol. 1998;125(4):637-644.

Hamill OP, Marty A, Neher E, Sakmann B, Sigworth FJ.
Improved patch-clamp techniques for high-resolution current
recording from cells and cell-free membrane patches. Pflugers
Arch. 1981;391(2):85-100.

Cairrao E, Alvarez E, Santos-Silva AJ, Verde 1. Potassium chan-
nels are involved in testosterone-induced vasorelaxation of
human umbilical artery. Naunyn Schmiedebergs Arch Pharmacol.
2008;376(5):375-383.

Edwards DP. Regulation of signal transduction pathways
by estrogen and progesterone. Annu Rev Physiol. 2005;67:
335-376.

Feiteiro J, Santos-Silva AJ, Verde I, Cairrao E. Testosterone and
atrial natriuretic Peptide share the same pathway to induce vasor-
elaxation of human umbilical artery. J Cardiovasc Pharmacol.
2014;63(5):461-465.

Gutierrez M, Martinez V, Cantabrana B, Hidalgo A. Genomic and
non-genomic effects of steroidal drugs on smooth muscle contrac-
tion in vitro. Life Sci. 1994;55(6):437-443.

Perusquia M, Garcia-Yanez E, Ibanez R, Kubli-Garfias C. Non-
genomic mechanism of action of delta-4 and 5-reduced androgens
and progestins on the contractility of the isolated rat myometrium.
Life Sci. 1990;47(17):1547-1553.

Sanchez Aparicio JA, Gutierrez M, Hidalgo A, Cantabrana B.
Effects of androgens on isolated rat uterus. Life Sci. 1993;53(3):
269-274.

Scragg JL, Dallas ML, Peers C. Molecular requirements for
L-type Ca2+ channel blockade by testosterone. Cell Calcium.
2007;42(1):11-15.

Fernandez Al Martinez V, Cantabrana B, Hidalgo A. Differential
effect of calcium and Bay K 8644 on the inhibitory action of
estrogens in the rat uterus. Gen Pharmacol. 1992;23(3):549-554.
Goyache FM, Gutierrez M, Hidalgo A, Cantabrana B. Non-
genomic effects of catecholestrogens in the in vitro rat uterine
contraction. Gen Pharmacol. 1995;26(1):219-223.

Salas E, Lopez MG, Villarroya M, et al. Endothelium-
independent relaxation by 17-alpha-estradiol of pig coronary
arteries. Eur J Pharmacol. 1994;258(1-2):47-55.

McEwen BS. Non-genomic and genomic effects of steroids on
neural activity. Trends Pharmacol Sci. 1991;12(4):141-147.
Moss RL, Dudley CA. Molecular aspects of the interaction
between estrogen and the membrane excitability of hypothalamic
nerve cells. Prog Brain Res. 1984;61:3-22.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Parra J, Cantabrana B, Hidalgo A. Mechanism of mifepristone-
induced spasmolytic effect on isolated rat uterus. Life Sci. 2000;
66(26):2563-2569.

Schumacher M. Rapid membrane effects of steroid hormones: an
emerging concept in neuroendocrinology. Trends Neurosci. 1990;
13(9):359-362.

Santos-Silva AJ, Cairrao E, Marques B, Verde I. Regulation of
human umbilical artery contractility by different serotonin and
histamine receptors. Reprod Sci. 2009;16(12):1175-1185.
Kaumann AJ, Levy FO. 5-hydroxytryptamine receptors in the
human cardiovascular system. Pharmacol Ther. 2006;111(3):
674-706.

Guimaraes S, Moura D. Vascular adrenoceptors: an update. Phar-
macol Rev. 2001;53(2):319-356.

Wang Y, Hou R, Li P, et al. Gene expression profiles in response
to the activation of adrenoceptors in A7r5 aortic smooth muscle
cells. Clin Exp Pharmacol Physiol. 2004;31(9):602-607.

Traupe T, Stettler CD, Li H, et al. Distinct roles of estrogen recep-
tors alpha and beta mediating acute vasodilation of epicardial cor-
onary arteries. Hypertension. 2007;49(6):1364-1370.

Weihua Z, Saji S, Makinen S, et al. Estrogen receptor (ER) beta, a
modulator of ERalpha in the uterus. Proc Natl Acad Sci U S A.
2000;97(11):5936-5941.

Perusquia M, Hernandez R, Morales MA, Campos MG, Villalon
CM. Role of endothelium in the vasodilating effect of progestins
and androgens on the rat thoracic aorta. Gen Pharmacol. 1996;
27(1):181-185.

Stull JT, Gallagher PJ, Herring BP, Kamm KE. Vascular smooth
muscle contractile elements. Cellular regulation. Hypertension.
1991;17(16 pt 1):723-732.

Cairrao E, Carvas J, Santos-Silva AJ, Alvarez E, Verde 1. 17beta-
Estradiol and progesterone inhibit L-type Ca2+ current of rat
aorta smooth muscle cells. Portugaliae Electrochimica Acta.
2006;24(2):241-255.

Zhang F, Ram JL, Standley PR, Sowers JR. 17 beta-Estradiol
attenuates voltage-dependent Ca2+ currents in A7r5S vascular
smooth muscle cell line. Am J Physiol. 1994;266(4 pt 1):
€975-¢980.

Zhang M, Benishin CG, Pang PK. Rapid inhibition of the contrac-
tion of rat tail artery by progesterone is mediated by inhibition of
calcium currents. J Pharm Pharmacol. 2002;54(12):1667-1674.
Nakajima T, Kitazawa T, Hamada E, Hazama H, Omata M, Kur-
achi Y. 17beta-Estradiol inhibits the voltage-dependent L-type
Ca2+ currents in aortic smooth muscle cells. Eur J Pharmacol.
1995;294(2-3):625-635.

Cairrao E, Santos-Silva AJ, Verde I. PKG is involved in
testosterone-induced vasorelaxation of human umbilical artery.
Eur J Pharmacol. 2010;640(1-3):94-101.

Montano LM, Calixto E, Figueroa A, Flores-Soto E, Carbajal V,
Perusquia M. Relaxation of androgens on rat thoracic aorta: testos-
terone concentration dependent agonist/antagonist L-type Ca2+
channel activity, and 5{beta}-dihydrotestosterone restricted to
L-type Ca2+ channel antagonism. Endocrinology. 2008;149(5):
2517-2526.

Deenadayalu V, Puttabyatappa Y, Liu AT, Stallone JN, White

RE. Testosterone-induced relaxation of coronary arteries:



730 Reproductive Sciences 23(6)

activation of BKCa channels via the cGMP-dependent protein  46. Mugge A, Riedel M, Barton M, Kuhn M, Lichtlen PR.

kinase. Am J Physiol Heart Circ Physiol. 2012;302(1):h115-h123. Endothelium independent relaxation of human coronary arteries
45. Keung W, Vanhoutte PM, Man RY. Acute impairment of contrac- by 17 beta-oestradiol in vitro. Cardiovasc Res. 1993;27(11):
tile responses by 17beta-estradiol is cAMP and protein kinase G 1939-1942.

dependent in vascular smooth muscle cells of the porcine coron-  47. Perusquia M. Nongenomic action of steroids in myometrial con-
ary arteries. Br J Pharmacol. 2005;144(1):71-79. tractility. Endocrine. 2001;15(1):63-72.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


