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1.

Introduction

Preterm birth, the leading cause of neonatal morbidity and mortality worldwide,
is a major public health problem in terms of loss of life, long term disability, and healthcare costs (Smith GN, 2003). Despite widespread recognition that preventing preterm
birth is one of the most important perinatal challenges -especially in industrialized
countries- preterm birth has increased steadily in recent years (Joseph KS et al., 2002).
In 1961 The World Health Organisation (WHO) defined prematurity as a gestational
age of less than 37 weeks. Hence, the early 1960s saw much research interest in agents
that could suppress uterine contractility.
Ever since, a great variety of scientific investigations with altering intensity have been
carried out to develop pharmacological agents that could be used to arrest uterine
contractions- collectively called tocolytics. The numerous physiological mechanisms
that control myometrial contractility, involving the adrenergic system, oxytocin, sexual
steroids and prostaglandins, have led to the elaboration of various therapeutic methods.
These methods made attempts to apply a large spectrum of substances from diverse
drug groups such as ethanol, MgS04, ^-adrenoceptor (ft-AR) agonists like
orciprenaline, isoxuprine, terbutaline, ritodrin, hexoprenalin, fenoterol, prostaglandin
synthesis

inhibitors

as

aspirin,

sodium-salicylate,

flufenamic-acid,

sulindac,

indomethacin, calcium antagonists like nifedipine, nitrendipine, the peptide hormone
relaxin, and the oxytocin antagonist atosiban (Keisre MJ, 2003; King et al., 2002;
Valenzuela et al., 2000). Nevertheless, none of these therapeutic approaches has
resulted in a serious breakthrough, and none has been shown to decrease the rate of
preterm delivery (Katz et al., 1999)
Recently, of the various pharmacotherapeutic alternatives, fo-AR agonists are one of, if
not the most frequently applied tocolytics, however controversy surrounds their efficacy
especially when used in prolonged therapies (Berkman et al., 2003; Rosenberg 2001;
Lampert et al., 1993).
The response to these drugs is reasonably good in acute situations, but the significant
elongation of gestation by chronic application of fo-AR agonists still serves as subject
to debate. fo-AR agonists are contraindicated in a number of situations, such as
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tachycardia, diabetes mellitus and arrhythmia. When not contraindicated, treatment of
preterm labor with fo-AR agonists is often accompanied by disadvantageous
phenomena. These drugs often give rise to serious maternal and fetal side effects, some
of which are life threatening (Hill WC, 1995) The cardiovascular and cardiopulmonary
systems are the most severely affected (e.g. tachycardia, arrhythmia and pulmonary
edema) (Rozenberg P. 2001; Drault et al., 2001; Lampert et al., 1993; Gemelli et al.,
1990). It has been stated and proved by several studies that the efficacy of fo-AR
agonists decreases towards the end of pregnancy as a result of fö-AR desensitization
(Engelhardt et al., 1997; Lécrivain et al., 1998). Accordingly, in order to prevent or
inhibit preterm contractions, ever-higher doses of jS2-AR agonists are required; these
become less and less tolerable, increase the incidence and severity of side effects, and
endanger the success of the treatment.
The other major receptor type in the adrenergic system, namely the «-adrenergic
receptors, has also been found to have a great impact on myometrial contractility
(Lopez Bemal A, 2003; Berg 1986; Marshall JM, 1981). These findings gave the
initiative to a series of new investigations exploring the possible scientific and
therapeutic significance of these receptors.
Previous animal studies provided a wide scale of data about the possible role, and the
changes of the adrenergic system in the rat uterus. It has been proved that «i-adrenergic
receptor (cq-AR) antagonists are able to inhibit rhythmic contractions of the rat uterus
(Zupkó et al., 1997). In the pregnant rat, the AI/j8-AR density ratio increases towards the
end of pregnancy, which increase is mainly a consequence of an elevated cq-AR density
and not a decrease in /3-AR density (Gáspár et al., 2001). Further studies enlightened
that of the three subtypes of the «i-ARS, it is the aiA-AR subtype that is basically
responsible for the increase (Ducza et al., 2002). It has also been reported that blockade
of the oíia-ARs significantly inhibits contractions of the post-partum rat uterus in vitro.
Nevertheless, further essential findings have been published about certain investigated
subtype-selective «I A -AR antagonists, stating that these substances have serotonergic
properties too. These ÖIA-AR antagonists bind to the serotonin-LA (5-HTI A ) receptors
and exert an agonist effect on them (Chidlow et al., 2001; Moser PC, 1991; Eltze et al.,
1991; Schoeffter at al., 1988).
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2.

Objectives

In possession of the data available at present, our aims were assembled in three major
groups:
Although the

/3 2 -AR

density in the pregnant rat uterus does not show a

significant decrease in the last trimester of pregnancy, the pharmacological reactivity to
fa-AR agonist shows a pronounced decline. Therefore, in the first step we tried to reveal
the molecular background of the decreased responsiveness of the myometrium to ft-AR
agonists in the third trimester of pregnancy in rat.
In the second phase of this study, the uterus relaxant effect of

/3 2 -AR

agonists

was investigated in co-administration with subtype-selective aiA-AR antagonists. The
experiments were carried out in order to determine, what type of synergism -if any- is
present between the two drug classes.
The third goal of the investigations was to clarify whether the serotonergic
activity of the subtype-selective

CÍIA-AR

antagonists has any influence on their uterus

relaxant effect. The role of the 5-HTiA-receptor agonist effect was investigated by
impeding the serotonergic action of these substances.
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3.

Materials and methods

All parts of the study involving animal subjects were conducted with the approval of the
Ethical Committee of Animal Experiments of the University of Szeged (registration
number: 1-74-8/2002).
3.1.

Mating of the animals
Mature female (180-200 g) and male (240-260 g) Sprague-Dawley (SPRD) rats

were mated in a special mating cage. A metal door, movable by a small electric engine,
separated the rooms for the male and female animals. A timer controlled the function of
the engine. Since rats are usually active at night, the separating door was opened before
dawn. Within 4-5 h after the possible mating, vaginal smears were taken from the
female rats, and a sperm search was performed under a microscope at a magnification of
1200 times. If the search proved positive, or when smear taking was impossible because
of an existing vaginal sperm plug, the female rats were separated and were regarded as
first-day pregnant animals.

3.2.

[35S]GTPyS binding assay
Uterine tissues from pregnant rats were cut and homogenized in buffer (0.01M

Tris-HCl, 0.25M sucrose, pH= 8.0) by Ultra-Turrax T25 homogenizer (Janke&Kunkel,
IKA-Labortechnik, Germany), and centrifuged (20,000xg, 10 min, 4° C). The
supematants were stored at 4° C and the pellets were resuspended and recentrifuged.
After merging the supematants were centrifuged (50,000xg, 60 min 4° C). The pellets
were resuspended and used immediately or stored at -70° C. These rat utems membrane
fractions («10 pg of protein/sample) were incubated at 30°C for 60 min in Tris-EGTA
buffer (pH 7.4) composed of 50 mM Tris-HCl, 1 mM EGTA, 3 mM MgCl2, 100 mM
NaCl, containing 20 MBq/0.05cm3 [35S]GTPyS (0.05 nM) and increasing concentrations
(10'10-10~5 M) of terbutaline (Sigma-Aldrich, Hungary) in the presence of excess GDP (30
pM) in a final volume of 1 ml according to Sim et al. (1995) and Traynor and Nahorski
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(1995) with slight modifications. Non-specific binding was determined with 10 pM
GTPyS and subtracted. Bound and free [35S]GTPyS were separated by vacuum filtration
through Whatman GF/B filters with a Millipore manifold. Filters were washed with 3 x 5
ml ice-cold buffer, and radioactivity of the dried filters was detected in a toluene-based
scintillation cocktail in a Wallac 1409 scintillation counter (Turku, Finland).
3.3.

Reverse-transcription polymerase chain reaction (RT-PCR) studies

RT-PCRs were used to determine the mRNA expressions of the 5-HTiA-receptors and
the ai-ARs.
3.3.1. Tissue isolation
Female SPRD rats (250-300 g) were sacrificed by cervical dislocation on day 22 of
gestation (end-term). Uterus tissues were rapidly removed. Two myometrial rings from
both horns of the uterus were sliced out and prepared for isolated tissue experiments,
while the rest was dissected in ice-cold saline (0.9% NaCl) containing 2 units/ml of
recombinant ribonuclease inhibitor (RNasin, Promega, U.K.). The tissues were frozen in
liquid nitrogen and then stored at -70 °C until total RNA extraction.
3.3.2. Total RNA preparation
Total cellular RNA was isolated by extraction with guanidinium thiocyanate-acidphenol-chloroform, according to the procedure of Chomczynski and Sacchi (1987).
After precipitation with isopropanol, the RNA was treated with RNase-free DNase I for
30 min at 37 °C, re-extracted with phenol, precipitated with ethanol, washed with 75%
ethanol and then resuspended in diethyl pyrocarbonate-treated water, and the RNA
concentration was determined by optical density measurements at 260 nm.
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3.3.3. RT-PCR
The RNA (0.5 pg) was denaturated at 70 °C for 5 min in a reaction mixture containing
20 units of RNase inhibitor (Hybaid, U.K.), 200 pM dNTP (Sigma-Aldrich, Hungary),
20 pM oligo(dT) (Hybaid, U.K.) in 50 mM Tris-HCl, pH 8.3, 75 mM KC1 and 5 mM
MgCh in a final reaction volume of 19 pi. After the mixture had been cooled to 4 °C, 20
units of M-MLV reverse transcriptase, RNase H Minus (Promega, U.K.) was added, and
the mixture was incubated at 37 °C for 60 min and then at 72 °C for 10 min.
The PCR was carried out with 5 pi cDNA, 25 pi ReadyMix REDTaq PCR reaction mix
(Sigma-Aldrich, Hungary) and 50 pm sense and antisense primer. The primer sequences
to amplify the 5-HTiA-receptor mRNA were 5'-CCA AAG AGC ACC TTC CTC TG-3'
(for the forward primer) and 5'-TAC CAC CAC CAT CAT CAT CA-3' (for the reverse
primer); these primers were anticipated to generate 388 bp PCR product (Albert et al.,
1989). The primers for the <XIA-AR were 5'-GTA GCC AAG AGA GAA AGC CG-3'
and 5'-CAA CCC ACC ACG ATG CCC AG-3'; these primers generated 212 bp PCR
product (Scofield et al., 1995). A rat GAPDH probe was used as internal control in all
samples (Tso et al., 1985). The PCR was performed with a PCR Sprint thermal cycler
(Hybaid Corp., U.K.), with the following cycle parameters: after initial denaturation at
95 °C for 3 min, the reactions were taken through 35 cycles of 1 min at 95 °C, 1 min
annealing at 55 °C, and 72 °C for 1 min. After the last cycle, incubation was continued
for 3 min at 72 °C, followed by lowering of the temperature to 4 °C. PCR products were
used immediately or stored at -70 °C. The PCR products were visualized by performing
the electrophoresis on ethidium bromide (Sigma-Aldrich, Hungary) containing gel.
Quantitative analysis was performed by densitometric scanning of the gel with the
KODAK

EDAS290

system

(Csertex

Ltd.,

Hungary).

The

5-HT 1 A /GAPDH

amplification ratio was calculated for each R N A pool. The <XI A -AR/GAPDH ratio was
also calculated for each RNA pool.
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3.4.

Isolated tissue studies

3.4.1. Preparation of the tissues
Uterus rings were taken from the above-mentioned 22-day pregnant SPRD rats. Two
muscle rings were sliced from both homs of the uterus and mounted vertically between
two platinum electrodes in a tissue bath containing 10 ml de Jongh buffer solution
(composition in mM: NaCl 137; KC1 3; CaCl 2 1; MgCl2 1; NaHC0 3 12; NaH 2 P0 4 4;
glucose 6; pH=7.41). The temperature of the tissue bath was set to and maintained at 37
°C, and carbogen (95% 0 2 + 5% C0 2 ) was perfused continuously through the bath.
Tissue samples were equilibrated under these conditions for 90 min before the
experiments were started. The initial tension of the uterus rings was set to 1.5 g, which
dropped spontaneously to 0.5 g by the end of the equilibration period.
3.4.2. Determination of the changes in responsiveness to the P2-AR agonist terbutaline
in late pregnancy, using electrical field stimulation (EFS)
Noncumulative concentration-response curves were constructed for the p2-AR agonist
terbutaline on day 15, 18, 20, and 22 of pregnancy. Maximum rhythmic contractions
were elicited with a digital, programmable stimulator (ST-02, Experimetria Ltd., U.K.),
using optimal values of pulse width (PW, the duration of the electrical field as a single
stimulus) and period time (PER, the time interval between two stimuli) (Gáspár et al.,
2001). The optimal stimulating parameters for each investigated day of pregnancy are
given in Table I. The stimulating potential in each experiment was 40 V. The tension of
the myometrial rings was measured with a gauge transducer (SG-02, Experimetria Ltd.,
U.K.) and recorded with an ISOSYS Data Acquisition System (Experimetria Ltd.,
U.K.). After the equilibration period described in 3.4.1, the tissue samples were
stimulated by EFS for 4 min and the contractions were recorded and regarded as the
control. Terbutaline was then added to the bath and the contractions were recorded for
another 4 minutes. This procedure was repeated after a 5-min regeneration period,
during which the tissues were washed 4 times.
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Day of pregnancy

PW (ms)

PER (s)

15

60

23

18

75

18

20

62

17

22

150

24

Table I.

Optimal pulse width (PW) and period time (PER) values to elicit
maximal rhythmic uterine contractions on the investigated days of
pregnancy

3.4.3. Identification
selective

CC/A-AR

of the interaction

between the fj-AR

agonists and the

subtype-

antagonists

Noncumulative concentration-response curves were constructed

for the CXIA-AR

antagonists, WB4101 (Tocris-Cookson, Bristol, U.K.) and 5-methylurapidil (5-MU;
Sigma-Aldrich, Hungary) and for the (3 2 -AR agonists, terbutaline and ritodrin (SigmaAldrich) using EFS to elicit contractions on uterine rings from 22 day pregnant rats. The
reason why the experiments were carried out with samples from the 22 nd day of
pregnancy was that this is the last day of pregnancy in rat, therefore the maturation of
the uterus is more or less complete. This also means that the contractility is around its
maximal level as the uterus is prepared for parturition. These features altogether
contribute to an optimal model for testing uterus relaxant substances either individually
or in combination. In the next step, concentration-response curves were constructed for
both terbutaline and ritodrin in the presence of 1x10 "6 M WB4101 and 1x10 "6 M 5MU. The tension of the myometrial rings was measured with the same system described
in details in 3.4.2.

3.4.4. Investigation of the effect of the subtype-selective (XIA-AR antagonists on the
serotonin induced contractions
Noncumulative concentration-response curves were constructed for serotonin (5-HT;
Sigma-Aldrich, Hungary). The spontaneous contractions of the tissues -removed from
22-day pregnant rats- were recorded for 4 min.
5-HT then was administered to the bath and the contractions were recorded for another
4 min. This procedure was repeated after a 5-min regeneration period during which the
tissues were washed 4 times. The 5-HT concentration range was lxlO"9 - 3xl0"6 M. The
spontaneous contractions were regarded as the control with which the 5-HT-induced
contractions were compared. The contraction increase caused by 5-HT was expressed as
a percentage of the control contractions.
In the following step, noncumulative concentration-response curves were
constructed for 5-HT, but this time in the presence of the subtype-selective <XIA-ARantagonists, WB4101 and 5-MU at both lxlO"7 M and lxlO"6 M. The procedure was
similar to the one described above, with the difference that the recording of the control
contractions was preceded by a 5-min incubation with the aiA-AR-antagonists. Tension
of the uterus rings was measured with the same system described in details in 3.4.2.

3.4.5. Determination of the role of the serotonergic activity of the CCJA-AR antagonists
in their uterus relaxant effects

Noncumulative concentration-response curves were constructed for the <XIA-ARantagonists alone and in the presence of lxlO"7 and 5xl0"7 M WAY100135, a subtypeselective 5-HTiA-receptor antagonist. The tissue samples were stimulated by EFS as
described in 3.4.2., but the control phase was followed by a 5-min incubation period
with WAY100135.
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3.4.6. Data analysis
The areas under the curves (AUCs) were analyzed statistically with Prism 2.01 software
(GraphPad Software, San Diego, CA, USA), using ANOVA with the Neuman-Keuls'
post hoc test. Data are given as the mean ± s.e.m. and in all experiments n >6.
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4.

Results

4.1.

Changes in the uterus relaxant effect of terbutaline

in the last trimester of

pregnancy in rat

Terbutaline inhibited the EFS-elicited contractions on days 15, 18, 20 and 22 of
pregnancy in a concentration dependent manner. The concentration-response curves
continuously shifted to the right towards term (Fig. 1.).
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Figure 1.

Concentration-response curves of terbutaline on isolated rat uterus
rings from in vitro experiments on the 15th, 18th, 20th, and 22nd days of
pregnancy
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The calculated EC50 values of terbutaline gradually increased from day 15 to day 22,
but the change was only significant on day 22, comparing each day to the previous
investigated day (Fig. 2.). The change between day 15 and 20 was significant (p<0.05).
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Figure 2.

Changes in the calculated EC50 of terbutaline on the 15th, 18th, 20 th ,
and 22lul days of pregnancy in the rat (ns=not significant, ***=
p<0.001)
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In parallel, a decrease was found in the calculated maximal inhibitory effects of
terbutaline, with significant differences on days 20 and 22 (Table II).

Emax ( % )

LEVEL OF

Mean ± s.e.m.

SIGNIFICANCE

15

92.4 ± 1.2

-

18

88.6 ± 2 . 7

Ns

20

77.8 ± 8 . 9

*

22

73.3 ± 1.3

*

DAY OF P R E G N A N C Y

Table II.

Maximal inhibitory effects (E MA x) of terbutaline on EFS-induced
uterine contractions in late-pregnant rat in vitro (each day is
compared to the previous investigated day)
(ns= not significant, *= p<0.05)
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4.2.

Alterations

in terbutaline induced G-protein activation in the rat uterus in late

pregnancy

Terbutaline was able to stimulate the [ 35 S]GTPyS binding through p 2 -ARs on day 15, 18
and 20 at different concentrations (1x10 s M on day 15, lxlO" 7 M on day 18 and lxlO" 6
on day 20). The level of stimulation was the highest on day 20 compared to the other
investigated days, but only at an explicitly high concentration (1x10"^ M) (Fig. 3.
continuous lines). On day 22, however, terbutaline elicited inhibitory effect in the
GTPyS binding decreasing it below the basal level (less than 100%) at a concentration
of lxlO" 5 M (Fig. 3. dotted line). Terbutaline concentrations to reach 50% of the
maximal GTPyS binding stimulation (EC50) gradually increased from day 15 to day 20
(Fig. 4. grated bars). The inhibitory EC50 of terbutaline on day 22 was extremely high
(Fig. 4. black bar).

150 -i

(O

140 -

Q_

ho
O
C

0

13
E

day
day
day
day

O)

c

T5

C
5

(A

130 120 -

15
18
20
22

110
100 90 -

—i
basal

1
10" 10

1
10"9

1
10"8

1— —i
- 6
10"7
1 0

1—
1 0

- 5

concentration
(M)

Figure 3.

Stimulation of [ 35 S]GTPyS binding to rat uterine membranes from
day 15, 18, 20 and 22 of pregnancy by various concentrations of
terbutaline (*= p<0.05, ***= p<0.001)
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Figure 4.

Stimulatory/inhibitory EC50 values of terbutaline on [ 35 S]GTPTS
binding (ns= not significant; *= p<0.05) On the bar chart (Fig. 4.) the
grated bars demonstrate the stimulatory EC50 values of terbutaline,
while the black chart shows the inhibitory EC50 value of the
substance. The Y axis of the graph is segmented into three in order
to make it suitable for plotting the values in the same coordinate
system. The breaking lanes on the bars indicate the gaps between the
different segments of the Y axis. Levels of significance were
determined by comparison to the result obtained from the previous
investigated day (day 18 vs. day 15; day 20 vs. day 18). The EC50 on
day 22 was not involved in the statistical analysis because this
inhibitory

value

can

not be compared

to stimulatory

values

determined on the other days of pregnancy.
Definition of EC50:

the concentration
[35S]GTPyS binding
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eliciting

half of the

stimulation/inhibition.

maximal

4.3.

Effect

of

subtype-selective

a/A-AR-antagonists

contractions alone and in coadministration

on

EFS-induced

uterine

with fc-AR agonists

Both of the «ia-AR antagonists, WB4101 and 5-MU, similarly to the /32-AR agonist
terbutaline and ritodrin, inhibited the EFS-induced rhythmic contractions of the isolated
rat myometrium in a concentration-dependent manner (Fig. 5.a-b and Fig. 6.a-b),
although their potencies were less than those of terbutaline and ritodrin. The EC50s and
maximal contraction inhibiting effects of all four substances are given in Table I I I .

WB 4101

5-MU

TERBUTALINE

RITODRIN

EC50 (M)

2.5X10" 5 ±

2.9x10"6 ±

4.0x10"7 ±

l.lxlO" 7 ±

Mean + s.e.m.

5.2xl0" 6

9.3x10 -7

5.0xl0~ 8

2.0x10" 8

EMAX (%)

76.5 ± 6.4

53.7 ± 9 . 7

73.3 ± 1.3

60.7 ± 3 . 7

Mean ± s.e.m.
Table I I I .

EC50 values and maximal contraction inhibiting effects (E MA x) of the
subtype-selective OCIA-AR antagonist WB4101 and 5-methyIurapidil
(5-MU), and the fo-AR agonist terbutaline and ritodrin

The concentration-response curve of terbutaline shifted markedly to the left in the
presence of 1x10
with lx 10

6

6

mol/1 WB4101 (Fig. 5.a). Similarly, when terbutaline was applied

mol/1 5-MU, the dose-response curve of the /32-AR agonist exhibited an

even more explicit left-shift (Fig. 5,b).
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Figure 5.a

Concentration-response curves of the a ] A -antagonist WB4101, the
p 2 -agonist terbutaline alone, and terbutaline in the presence of lxlO"6
M WB4101
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Concentration-response
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(32-agonist
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terbutaline

terbutaline in the presence of lxlO"6 M 5-methylurapidil
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alone,

5and

The described left-shifts of the curves of terbutaline in the presence of subtype-selective
(XIA-AR antagonists resulted in a statistically significant decrease in the E C 5 0 values of

the p 2 -AR agonist (Fig. 6.a).

5.0x10"07-i

I Terbutaline
IMTerbutaline+WB4101
GEHH3 Terbutaline+5-MU

0.0x10

Figure 6.a

Changes in the EC50 of terbutaline when administered in the
presence of 1x10
lxli 6 M WB4101 and lxlO"6 M 5-methylurapidil (5-MU)
(*** = p<0.001)

Parallel with these changes in the EC50 values of terbutaline, its maximal contraction
inhibiting effect displayed a significant increase when administered in the presence of
either of the two ccu-AR antagonists (Fig. 6.a)
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Figure 6.b

Changes in the maximal contraction inhibiting effect of terbutaline
when administered alone, in the presence of lxlO"6 M WB4101 and
lxlO"6 M 5-methylurapidil (5-MU) ( **= p<0.01)
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The concentration-response curve of the other investigated p 2 -AR agonist ritodrin also
shifted to the left in the presence of lxlO" 6 M WB4101 (Fig. 7.a), but the rate of the
left-shift was not as great as in the previous case when terbutaline was applied together
with the same concentration of WB4101. When ritodrin was coadministered with lxlO" 6
M 5-MU, the dose-response curve of the p 2 -AR agonist displayed a more pronounced
left-shift (Fig. 7.b).
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Figure 7.a

Concentration-response curves of the a ] A -antagonist WB4101, the
p 2 -agonist ritodrin alone, and ritodrin in the presence of lxlO"6 M
WB4101
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Concentration-response

curves

of

the

ai A -antagonist

5-

methylurapidil (5-MU), the p 2 -agonist ritodrin alone, and ritodrin in
the presence of lxlO"6 M 5-methylurapidil

Besides the demonstrated alterations of the concentration-response curve of ritodrine,
the coadministration

of this p 2 -AR agonist

and the subtype-selective

ai A -AR

antagonists resulted in a statistically significant decrease in the EC50 values of ritodrin
(Fig. 8.a).
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Figure 8.a

Changes in the EC50 of ritodrin when administered in the presence
of lxlO"
and lxlO"6 M 5-methylurapidil (5-MU)
1X10"6 6M WB4101 and
(*= p<0.05; **= p<0.01)
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Supplementation of ritodrin with the subtype-selective ai A -AR antagonists, besides
decreasing the EC50 values of the investigated p 2 -AR agonist to a significant extent,
also led to an advantageous increase in the maximal contraction inhibiting effect. (Fig.
8.b)

Figure 8.b

Changes in the maximal contraction inhibiting effect of ritodrin
when administered alone, in the presence of lxlO"6 M WB4101 and
lxl0" 6 M 5-methylurapidil (5-MU; **= p<0.01)
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Table IV summarizes the observed changes in the EC50 values and the maximal
contraction inhibiting effects of terbutaline and ritodrin in the presence of lxl0" 6 M
WB4101 and 5-MU, respectively.

LEVEL OF
EC50(M)

EMAX (%)

SIGNIFICANCE

Mean ± s.e.m. Mean ± s.e.m.

4.0x10"' ±

Terbutaline

5x10-8

Terbutaline+WB4101

Terbutaline+5-MU

5.1x10" 8 ±
1.9x10"

8

2x10" 9

Ritodrin+WB4101

Ritodrin+5-MU

Alterations

1.1x10"

8

1.1x10" 8 ±

Ritodrin

Table IV.

4.3x10" 8 ±

8.1X10" 8 ±
1.4x10"

8

3.4x10" 8 ±
1.2x10"

8

EC50

EMAX

82.5 ± 3.0

* * *

* *

86.3 ± 4 . 7

* * *

73.3 ± 1.3

* *

60.7 ± 3 . 7

87.3 ± 7.2

*

* *

84.2 ± 3.3

* *

* *

in the EC50 values and the maximal

contraction

inhibiting effects ( E m a x ) of terbutaline and ritodrin when applied in
the presence of subtype-selective the a ] A - A R antagonists
(*= p<0.05; **= p<0.01; ***= p<0.001)
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4.4.

The role of the serotonergic activity of the

CC/A-AR

antagonists in their uterus

relaxant effects

4.4.1. Receptor mRNA expression

In the R T - P C R study we demonstrated the expression of a i A - A R M R N A and 5 - H T ) A receptor M R N A on day 22 of pregnancy in the rat. The results showed that both
receptor subtypes are present in the pregnant rat uterus (Fig. 9.). The M R N A expression
of the CXIA-AR subtype was found to be significantly higher than that of the 5 - H T I A receptor subtype.
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Figure 9.

The expression of uterine ai A -AR (212 bp) and 5-HTi A -receptor
(388 bp) mRNA on day 22 of pregnancy (**= p<0.01)
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4.4.2. Effects of ajA-AR-antagonists

on 5-HT-induced

contractions

5-HT increased the contractions of the pregnant rat myometrium in a concentrationdependent manner (Fig. 10.). The E C 5 0 and the maximal effect of 5-HT are presented
in the first row of Table IV.

lxlO" 7 M WB4101 shifted the concentration-response

curve of 5-HT to the right (Fig. 10.), significantly increasing its E C 5 0 , but not markedly
altering its maximal effect (Table IV., row 2.). When WB4101 was present at a
concentration of lxl(T 6 M the right-shift of the concentration-response curve of 5-HT
was more explicit (Fig. 10.) and its E C 5 0 increased further, but the maximal effect was
not altered (Table IV., row 3.).
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Figure 10.

Concentration-response curve of 5-HT alone and in the presence of
different concentrations of the subtype-selective ai A -AR-antagonist
WB4101

Similar phenomena were observed when the concentration-response curve of 5-HT was
constructed in the presence of 1x10" M 5-MU. The ai A -AR-antagonist shifted the curve
to the right (Fig. 11.) and, as in the previous case, the E C 5 0 of 5 - H T was significantly
elevated while the maximal effect showed a nonsignificant decrease (Table IV., row
4.).
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Interestingly, when 5-MU was applied in lxl0" 6 M concentration the dose-response
curve of 5-HT was again shifted to the right (Fig. 11.), but this time the increase in the
EC50 was accompanied by a significant decrease in the maximal effect of 5-HT (Table
IV., row 5.).

5-HT
</>
c
o
o
re
¿5
c
o
o

5-HT+5-MU 10"7 M
400-

5-HT+5-MU 10"6 M

300-|

200-

log [M]

Figure 11.

Concentration-response curve of 5-HT alone and in the presence of
different concentrations of the subtype-selective a 1A -AR-antagonist
5-methylurapidil (5-MU)

EC 50 (M)
Mean ± s.e.m.

1.

LEVEL OF

EMAX (%)

LEVEL OF

SIGNIFICANCE

Mean ±

SIGNIFICANCE

s.e.m.

8.0x10" 8 ±
1.9x10"8

5-HT

437.9 ±
38.9

5-HT
2. + WB 4101
1x10"7

4.5x10" 7 ±
1.1x10"7

*

424.0 ± 54.8

ns

5-HT
+
WB
4101
3.
1x10' 6

5.8x10" 7 ±
1.8x10"7

*

328.7 ± 66.3

ns

4.

5-HT
+ 5-MU
1x10' 7

3.3x10" 7 ±
6.2x10"8

* * *

384.4 ± 4 0 . 7

ns

5.

5-HT
+ 5-MU
1x10"6

3.9x10" 7 ±
4.8x10"8

* * *

301.2 ± 2 6 . 2

*

Table V.

Changes in the contraction increasing effect of 5-HT in the presence
of

different

concentrations

of

the

subtype-selective

antagonists WB4101 and 5-methylurapidil 5-MU
(*= p<0.05; ***= p<0.001)
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(Xia-AR

4.4.3. Contraction inhibiting effects of
5-HTIA-receptor

OC/A-AR

blockers in the presence of simultaneous

blockade

WB4101 inhibited the EFS-elicited contractions in a concentration-dependent manner
(Fig. 12.). The EC50 and the maximal contraction-inhibiting effect are presented in the
first row of Table VI.
5-HTiA-receptor blockade with lxlO" 7 M WAY100135 did not change the contraction
inhibiting features of WB4101. The 5-HTiA-receptor antagonist changed neither the
shape nor the position of the concentration-response curve of WB4101 (Fig. 12.). No
significant change was observed regarding the EC50 and the maximal contractioninhibiting effect of WB4101 (Table VI, row 2.). Raising the concentration of the 5HT iA-receptor antagonist to 5xl0" 7 M did not significantly alter the run of the doseresponse curve of WB4101 either (Fig. 12.). The EC50 and the maximal contractioninhibiting effect of the ai A -AR-antagonist remained unchanged (Table VI, row 3.).
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Figure 12.

Contraction inhibiting effect of WB4101 alone and in the presence of
different concentrations of the subtype-selective 5-HTi A -receptor
antagonist WAY100135
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The other subtype-selective ai A -AR-antagonist, 5-MU, also proved to inhibit the EFSinduced contractions of the isolated rat myometrium in a dose-dependent way (Fig. 13.).
The EC50 and maximal inhibitory effect are given in the fourth row of Table VI. In the
presence of lxlO" 7 M WAY100135 the concentration-response curve of 5-MU was
shifted slightly to the left (Fig. 13.), but no essential change was observed in the EC50.
The maximal contraction-inhibiting effect of 5-MU showed an increase in the presence
of lxl0" 7 M WAY 100135, but statistically this change did not prove to be significant
(Table VI, row 5). When the 5-HTi A -receptor-antagonist was applied at 5xl0" 7 M
concentration the concentration-response curve of 5-MU was shifted further to the left
(Fig. 13.). The EC50 of 5-MU did not display a considerable deviation in this case
either, but the maximal contraction-inhibiting effect of the ai A -AR-antagonist increased
to a greater degree, and this increase was statistically significant (Table VI, row 6).
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Figure 13.

Contraction inhibiting effect of 5-MU alone and in the presence of
different concentrations of the subtype-selective 5-HTi A -receptor
antagonist WAY100135
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1.

WB 4101

EC 50 (M)

LEVEL OF

EMAX (%)

LEVEL OF

Mean ± s.e.m.

SIGNIFICANCE

Mean ± s.e.m.

SIGNIFICANCE

2.5x10" 5 ±

76.5 ± 6 . 4

5.2x10" 6

WB 4101 +
2.

WAY

2.5x10" 5 ±

100135

6.9x10" 6

ns

76.2 ± 18.4

ns

ns

73.6 ± 5.6

ns

1x10' 7 M
WB 4101 +
3.

WAY

2 . 0 x 1 CR5±

100135

2.8x10"6

5x10' 7 M

4.

2.9x10"6 ±

5-MU

53.7 ± 9 . 7

9.3x10"7

5-MU +
5.

WAY

3.7x10"6 ±

100135

8.9x10"7

ns

78.23 ± 11.51

ns

ns

89.6 ± 5.4

*

1x10' 7 M
5-MU +
6.

WAY

3.8x10" 6 ±

100135

8.6x10"7

5x10"7 M

Table VI.

Changes in the contraction inhibiting effects of the subtype-selective
CCIA-AR antagonists WB4101 and 5-methylurapidil (5-MU) in the
presence

of

different

concentrations

antagonist WAY100135 (*= p<0.05)
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of

the

5-HTi A -receptor

5.

Discussion
P2-ARS have been one of the main targets in tocolytic therapy for several

decades. However, despite their widespread use in preventing and inhibiting premature
contractions, these substances did not prove to be suitable to provide a fully satisfying
solution to the problem of preterm birth.
Similarly to the human uterus, p2-ARs are of prominent importance in the
regulation of myometrial contractility in the rat as well. More than 90% of the P-ARs in
the pregnant rat myometrium are p2-ARs (Principe et al., 1997). Hence, this species
provides an appropriate animal model for investigation of the changes in the
pharmacological reactivity of the late pregnant uterus to p2-AR agonists.

5.1.

Decrease in the contraction inhibiting effect of terbutaline - a result of
decreased G-protein activation

The isolated tissue studies revealed a continuous decrease in the contractioninhibiting effect of terbutaline, suggesting a weakening in p2-AR function in the late
pregnant rat. This continuous decrease in the responsiveness of the p2-ARs is in line
with the results of previous studies that reported decreased p2-AR function as a
consequence of desensitization of the receptors following p2-AR agonist exposure
(Engelhardt et al. 1997; Lecrivain et al. 1998). Although in our studies the animals were
not treated with p2-AR agonists in vivo, the in vitro exposure of the tissue samples to
p2-AR agonists could raise the question, whether this exposure can induce
desensitization of the p2-ARs. To clarify this issue in favor of better understanding, the
agonist-dependent desensitization of the receptors should be detailed in a few words.
Agonist-dependent desensitization of G-protein coupled receptors can be
considered as a possible causative of reduced pharmacological response. In addition, the
receptor recycling process is quite rapid regarding the p2-ARs, compared with other Gprotein coupled receptors (Shenoy et al., 2003). Yeagley et al, however, proved that rat
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uterine strips from different gestational ages in late pregnancy (days 15, 18 and 21)
exhibited the same relaxation response to terbutaline following a continuous 30-min
exposure to the substance. This indicates that such an exposition time with the drug has
insignificant influence on the process of p2-AR desensitization (Yeagley et al., 1996). In
our experiments the exposition times of the myometrial samples to terbutaline were
approximately 30 min and the animals were not pretreated with the substance, hence the
weakened response towards the term can not be explained by the agonist induced
desensitization of p2-ARs. The results obtained from the [35S]GTPyS binding assays
seem to provide a more probable explanation to the background of the phenomenon.
In the [35S]GTPyS binding assay studies we clearly demonstrated, that after
administration of terbutaline at the given concentrations, the amount of activated Gproteins dropped gradually day by day, in the last phase of the pregnancy. The
continuous increase of the EC50 values indicates impaired second messenger system
when the pregnancy is more advanced. The levels of G-protein stimulation were quite
low in the concentration range between lxlO"10 - lxl0"6 M. On day 20 the extreme Gprotein stimulation was not accompanied with increased maximal effect in relaxation,
but we have to emphasize that this salient change was detected only at extremely high
concentration of terbutaline, which was not investigated in the isolated organ tissue
studies. On day 22 terbutaline was not able to enhance the basic G-protein activation,
moreover, at higher concentrations it inhibited the activation. This can explain the fall in
its relaxant effect on the last day of pregnancy. These findings suggest that the setback
in the contraction-inhibiting effect of p2-agonists in late pregnancy, which is
experienced in the clinical practice as well, is not only a consequence of drug-induced
desensitization, but may also be a result of pregnancy induced decrease in G-protein
coupling of the p2-ARs.
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5.2.

Synergism between the fc-AR agonists and the subtype-selective ajA-AR
antagonists - increased contraction inhibition at lower drug concentrations

The results obtained from the isolated tissue studies conducted with subtypeselective <Xia-AR antagonists further proved that, besides the p2-Ars, «ia-ARs receptors
are also essential in the regulation of the contractility of the pregnant uterus. As the
results demonstrated, the au-AR antagonists were able to inhibit both 5-HT and EFS
induced contractions of the pregnant rat uterus in a concentration-dependent manner.
Although their efficacy was not as great as that of the p 2 -AR agonists, they exerted a
significant relaxing effect on the myometrium. Moreover, when terbutaline and ritodrin
were used together with the <xia-AR antagonists, the concentration of the p 2 -AR
agonists performing 50% of their maximal contraction inhibiting effect (the maximal
contraction inhibition of the p 2 -AR agonists when used alone) decreased significantly.
These favorable changes in the EC50 values, and the observation that the described
combination of the two drug types resulted in an explicit increase in the maximal
inhibitory effects of both terbutaline and ritodrin, allow the assumption that
supplementation of the p 2 -AR agonists with (XIA-AR antagonists could provide the
possibility to use markedly lower doses of the p 2 -AR agonists to suspend or prevent
unwanted contractions of the uterus.

5.3.

The influence of the 5-HT ¡A agonist activity of the subtype-selective CC/A-AR
antagonists on their uterus relaxant effect - difference between the serotonergic
properties ofWB4101 and 5-MU

The experiments that were carried out in order to clarify the whether the serotonergic
activity of the <XIA-AR antagonists has any influence on their uterus relaxant effect, led
to interesting results. The results of the RT-PCR studies demonstrated that both cciaARs and 5-HTia receptors are present in the pregnant rat uterus. The mRNA expression
of the two receptor subtypes differed significantly. However, this statement requires
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some explanation. The used RT-PCR method is suitable to provide both qualitative and
quantitative data. However, if there is a considerable deviance in the number of basepairs (bp) of the different PCR products, than experiments may be required to determine
the linearity between the production of the PCR products, in order to ensure the validity
of the quantitative conclusions. In our case, these linearity investigations were not
necessary since even with the difference in the number of base-pairs (212 bp for the
au-AR and 388 bp for the 5-HTiA-receptor), the capacity of the used polymerase
enzyme is great enough to provide the same amount of PCR products in a 1-minute
cycle. This allowed us to conclude that the MRNA expressions of the the OCIA-ARS and
the 5-HTiA-receptors significantly differ from each other.
Although the mRNA expression of the (XIA-AR subtype was found to be significantly
higher than that of the 5-HTiA-receptor subtype, this finding does not prove directly that
the receptor expression is also greater in case of the <XIA-AR subtype. However,
considering that in the present study we aimed to determine the role of the serotonergic
activity of the (Xia-AR antagonists in the late pregnant rat uterus, the quantitative
relation between the amounts of the two different receptors involved is not of great
importance.
A/

5-HT enhanced the contractions of the pregnant rat uterus in a concentration-

dependent manner. The presence of lxlO"7 M W B 4 1 0 1 resulted in an explicit right-shift
of the concentration-response curve of 5-HT, and increasing the concentration of the
(XIA-AR antagonist by one magnitude made this right-shift even more pronounced. In

parallel with this there was no significant change observed in the maximal effect of 5HT. These results suggest that there is a competitive antagonism between 5-HT and
W B 4 1 0 1 . Furthermore, since W B 4 1 0 1 binds to the (XIA-ARS with greater affinity than

to 5-HTJA receptors, these results give rational basis to hypothesize that the
contractility-increasing effect of 5-HT in the rat uterus is (at least partially) mediated by
(XIA-ARS. Likewise, when the concentration-response curve of 5-HT was constructed in

the presence of lxlO"7 M 5-MU, the curve was moved to the right, and raising the
concentration of 5-MU to lxlO"6 mol/1 further increased this right-shift. However, the
right-shift of the concentration-response curve of 5-HT, when applied together with 5MU, was accompanied by a marked decrease in the maximal effect of 5-HT. This
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observation suggests that there is a substantial difference between the serotonergic
properties of the two OCIA-AR antagonists. To determine the difference between WB
4101 and 5-MU in this respect, the dose-response curves of the <XIA-AR antagonists
were constructed in the presence of simultaneous 5-HTIA receptor blockade, achieved
by administration of different concentrations of the subtype-selective 5-HTIA receptor
antagonist WAY100135, using EFS to elicit contractions. The contraction-inhibiting
characteristics of WB4101 were not changed neither when the 5-HTIA receptor
antagonist was present at lxlO' 7 M nor when a five times larger concentration of
WAY100135, 5xl0' 7 mol/1 was added to the system. Practically, the shape and the
position of the concentration-response curve of WB4101 remained unchanged in both
cases. This indicates that WB4101 indeed inhibits the contractions of the pregnant rat
uterus through the OCIA-ARS. Considering that WB4101 inhibited the 5-HT-induced
contraction, these results corroborate the hypothesis that 5-HT-elicited contractions may
be mediated by CXIA-ARS in the pregnant rat myometrium. In contrast, the uterusrelaxant effect of 5-MU changed when it was applied together with the 5-HTiA-receptor
antagonist. Even in the presence of lxlO"7 M WAY100135, 5-MU exhibited an
increased

contraction-inhibiting

effect. Raising the 5-HTiA-receptor

antagonist

concentration to 5xl0"7 M, the maximal effect of 5-MU further increased, and this
increase was found to be statistically significant. Impeding the serotonin agonist effect
of 5-MU by simultaneous 5-HTJA blockade increased the maximal contractioninhibiting effect of 5-MU to 89.6±5.4%, which is even higher than the maximal effect
of WB4101, 76.5±6.4%. These findings indicate that the serotonergic activity of 5-MU
is more pronounced than that of WB4101. The different chemical structure of the two
<XIA-AR antagonists may provide an explanation for the difference between their

serotonergic properties. It seems probable that 5-MU exerts a dual influence on the
pregnant rat myometrium: a dominant <XIA-AR antagonist effect that inhibits
contractions, and a less pronounced 5-HTiA-receptor agonist effect that increases the
contractility of the pregnant rat uterus, and by this decreases the efficacy of 5-MU in
terms of uterus-relaxation.
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5.4.

fc-AR

agonists potentiated with CCJA-AR antagonists - a possible new tocolytic

approach?

Although subtype-selective CXIA-AR antagonists are not yet used in the
pharmacotherapeutic practice, the data obtained on these substances so far suggest that
they could improve the armamentarium of tocolytic agents. The decline in the
contraction inhibiting effect of the p2-AR agonists, caused by decreased G-protein
activation- could be counterbalanced by supplementation with subtype-selective cxiaAR antagonists. As it was demonstrated in the present study, the use of such
combination of the two drug types could significantly increase the effectiveness of the
p2-AR agonists and could provide a possibility to apply markedly lower doses in order
to achieve the desired tocolytic effect. Furthermore, simultaneous administration of <XIAAR antagonists with the p2-AR agonists could exert a beneficial effect on pregnancy
related disorders such as pre-eclampsia or pregnancy-induced hypertension, which arein most cases- associated with increased sympathetic activity and usually increase the
risk of preterm delivery (Baldwin et al., 2001; Wacker et al., 1998). The results of the
present study allow the assumption that in the future subtype-selective (XIA-AR
antagonists should be designed with high uterus selectivity and with no or negligible 5HTIA-agonist activity so as to provide maximal tocolytic effect.
Naturally, further in vivo investigations and clinical trials need to be planned and carried
out in order to explore the possible benefits of this drug interaction. If their results will
support our present findings, than synthesis of molecules that more or less meet these
requirements could provide a new and probably more efficient approach in tocolysis.
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6.

Final conclusions

I.

The contraction inhibiting effect of the p2-AR agonist terbutalin continuously
decreases in the last trimester of pregnancy in the rat. This seems to be a
consequence of a spontaneous, gradual decrease in the G-protein activation
towards the end of pregnancy.

II.

Coadministration of the p 2 -AR agonists with <XIA-AR antagonists resulted in
elevated maximal contraction inhibiting effect and in decreased EC50 values.
These findings indicate that the two different drug types markedly potentiate
each others uterus relaxant effects, there is an explicit synergism between them.

III.

WB4101 and 5-MU inhibited the 5-HT induced contractions of the pregnant rat
uterus in a concentration-dependent manner. The results showed that there is a
competitive antagonism between 5-HT and the ai A -AR antagonists, which
suggests that the contraction increasing effect of 5-HT is - at least partly mediated by the (XIA-ARS.

IV.

The serotonergic properties of the two (XIA-AR antagonists differ substantially.
The uterus-relaxant characteristics of WB4101 are not altered by its serotonergic
properties, whereas the contraction inhibiting effect of 5-MU is significantly
decreased by its 5-HTIA agonist activity. Hindering the serotonin agonist action
of 5-MU remarkably increased its maximal contraction inhibiting effect.
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5-hydroxytriptamine, serotonin

5-HTIA

serotonin-1A receptor
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SPRD
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RT-PCR

reverse transcription polimerase chain reaction
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