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INTRODUCTION 

Premature birth is the principal cause of perinatal morbidity and mortality. The 

number of cases is high and no decrease has been experienced for many years (Hagberg et al., 

2000). The high frequency of death of premature infants is anticipated to remain unchanged or 

even to rise, because it has been decided to reduce the limit of premature weight to 500 g 

(Sagot et al., 1999). The authorized drugs for treatment of this state include magnesium 

sulfate, P-adrenergic agonists, and less often prostaglandin inhibitors, calcium-channel 

blockers and oxytocin-receptor antagonist (Norwitz et al., 1999). The P-mimetics are the most 

commonly used tocolytic agents in clinical practice, but they result in many side-effects, such 

as tachyphylaxis, tachycardia, pulmonary edema, hypokalemia, sodium retention and glucose 

intolerance (Levin et al., 1980; Canadian Preterm Labour Investigators Group, 1992; Smigaj 

et al., 1998). The side-effect profiles and degrees of efficacy of these drugs reveal that 

tocolytic therapy is one of the major challenges in obstetric practice. 

The spontaneous contractility of the uterine muscle is subject to heterogeneous 

regulation, involving oxytocin, the adrenergic system, prostaglandins, connexin and sex 

hormones (Fu et al., 1996, Griimmel and Winterhagen, 1998; Norwitz et al., 1999). 

The a-adrenergic receptors (a-ARs), mediate uterine contraction (Valiieres et al., 1978; 

Hoffman et al., 1981; Rexroad et al., 1981), while the P-ARs, which mediate uterine 

relaxation (Levin et al., 1980; Tanfin-Tougui et al., 1981). 

It has been proved that a-adrenergic antagonists induce a significant decrease in 

uterine activity in the rat, both in vitro and in vivo (Zupkó et al., 1997; Gáspár et al., 1998), 

similarly to the effects of p-agonists. Additionally, it has been found that at the end of 

pregnancy the ai/p-AR ratio for the rat uterus is increased in parallel with the increase in 

contractility (Zupkó et al., 1998). 
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The ai-ARs are a subfamily of G-protein-coupled receptors that mediate the action of 

catecholamines. These proteins are proposed to traverse the membrane in seven 

transmembrane-spanning a-helical domains linked by three intracellular and three 

extracellular loops. Phylogenetically, the apARs are considered the closest neighbors to the 

rhodopsin family because of the presence of introns in the coding regions and their high 

sequence homology (Minneman and Eshenshade, 1994; Strader et al., 1994). 

The ai-ARs utilize a variety of second messenger pathways to modulate cellular 

function (Gracia-Sainz et al., 2000). Studies with many cell types have demonstrated that all 

oci-ARs activate phospholipase C and A2 (Perez et al., 1993). In addition to mobilizing 

intracellular calcium (Fig. 1), the apARs have also been shown to activate the calcium influx 

via voltage-dependent and independent calcium channels (Minneman, 1988). 

Epinephrine 

(x-mJ renergic 
receptor 

Fig. 1. a-AR- mediated responses on phosphorylase. 

Molecular cloning has identified three subtypes of the apAR class in several species, 

including human [ocia- (previously aic), c*ib- and aio-ARs] (Hieble et al., 1995). It has been 

shown that the genes for each of the subtypes are expressed in discrete, tissue-specific 

patterns. Each of the apAR subtypes has been found to mediate distinct physiological 
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functions e. g. the am-ARs mediate glycogenolysis activation in the liver. The <XIA-ARS are 

involved in the contraction of smooth muscle (vasculature, vas deferens, urethra, submaxillary 

gland, etc.). The functional role of the <XID-ARS has remained largely unexplored. The 

contraction of large caliber-type arteries has been found to be controlled by the aio-ARs. A 

putative fourth subtype, the <XIL-ARS has been defined in functional, but not in molecular 

studies (Piascik and Perez, 2001). 

The cti-ARs are also intimately involved in the regulation of growth-promoting 

responses via the mitogen-activated protein kinase family. A large volume of data has shown 

that the CXIA-ARS are the primary mediators of hypertrophic responses in neonatal 

cardiomyocytes (Varma and Deng, 2000). The roles of the other ai-ARs have been less well 

studied from this aspect. 

The contributions of the ai-AR subtypes in the regulation of the uterine contractility 

and the changes in density of these receptor subtypes during pregnancy remain open 

questions. Our present research was motivated by the problem of tocolysis, which has not 

been adequately solved. 

Knowledge relating to the changes in a r A R subtype and the extents of their 

contribution to the regulation of uterine contractility during pregnancy is limited. 

Traditional pharmacological methods have only a limited capacity for determination of 

the functional roles of receptor subtypes. Alternative approaches to defining the functional 

roles of receptors are the antisense techniques. 

The idea of using synthetic oligonucleotides with sequences complementary to 

specific mRNAs to inhibit gene expression was first proposed and performed by Zamecnik 

and Stephenson (1978). They reasoned that, if an antisense oligonucleotide (AON) with a 

sequence complementary to the mRNA encoding a protein of interest could be introduced into 



a cell, it could hybridize with its mRNA target and block the expression of protein from that 

message. The major advantage of an AON inhibitor over a conventional drug is that binding 

of the oligonucleotide drug to its receptor (mRNA) occurs through a highly predictable and 

well-characterized set of rules (Watson-Crick base pairing) (Fig. 2). Generally, the AONs are 

in 15-20 bases length. This length is adequate for the oligonucleotide to bind with sufficient 

affinity, selectivity and specificity to its complementary mRNA. The shorter sequences are 

more likely to be nonspecific, and sequences longer than 25 bases are less able to enter cells 

and are also more likey to contain a repeat sequence of primers, which can result in binding to 

proteins (Phillips, 1999). 

Once an oligonucleotide binds to the target mRNA, there are several possible 

mechanisms that can lead to an inhibition in expression of the protein encoded in the 

transcript. There are basically three different mechanisms of oligonucleotides: 

Fig. 2. Mechanism of action of AONs. 

Ribonuclease H (RNase H): RNase H is a class of ubiquitous enzymes found within 

eukaryotic cells in the nucleus and cytoplasm, which degrade the RNA strand of an 

RNA/DNA duplex. The target mRNA sequence is inactivated as an irreversible event since 

i 

X . 73. 
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the antisense DNA may degrade several mRNA molecules, through separate hybridizations, 

resulting in the dissociation of cleaved products (Alama et al., 1997). Much of the evidence 

that RNase H is involved in the mechanism of action is indirect for the oligonucleotide-

associated cleavage of mRNA in cells. This includes the specific reduction of target mRNA, 

the formation of mRNA cleavage products and the correlation between the ability of 

nucleotides to support RNA cleavage by RNase H in the cell-free system and the activity in 

cells. 

Translation arrest: It has been proposed that an oligonucleotide binding to targeted 

mRNA can block ribosome movement along the targeted transcript or ribosomal assembly, 

thereby preventing efficient protein synthesis. 

A special type of oligonucleotide is triple-helix DNA. Triple-helix DNA targets the 

double-helix DNA strand itself. These triple-helix oligonucleotides are designed to bind with 

a specific section of the DNA (Hoogsten pairing rules), preventing its transcription into RNA 

(Curcio et al., 1997). 

Directing alternative splicing: The alternative splicing of pre-mRNA can give rise to 

functionally distinct proteins from a single gene. Because of the various form of mRNA that 

emerge from differential splicing, this reaction must be stringently regulated during 

development and differentiation. The ability to modulate splicing through the use of AONs 

provides a novel and powerful tool to regulate gene expression (Dean et al., 2000). 

Unmodified phosphodiester oligonucleotides are rapidly degraded in most biological 

systems. Different chemical modifications will be optimal for different antisense applications. 

Phosphorothioates are most commonly used (P=S). This modification imparts an 

approximately 100-300-fold increase in nuclease resistance as compared with phosphodiester 

oligonucleotides (Cummins et al., 1995), but causes a substantial loss in hybridizing affinity 

toward complementary RNA (Freier et al., 1997). 
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The C2' position of the oligonucleotide sugar (ribose) is modified in 2'-sugar 

modifications. Modifications to this position include 2'-fluororibonucleotides, 2'-

propoxyribonucleotides and 2'-methoxyethylribonucleotides. The nuclease resistance is also 

increased, but this class of modification does not support the cleavage of hybridization mRNA 

by RNase H. 

Many other modifications have been developed, e.g. oligonucleotide conjugates 

(cholesterol and biotinylation) (Manoharan et al., 1995; Bijsterbosch et al., 2001; Rubenstein 

M et al., 2001), backbone substitutions (peptide nucleic acids,'methylene methylimino, and 

heterocycle modifications) (Flanagan et al., 1999, Wang et al., 2001). 
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AIMS OF THE STUDY 

1. One goal of this study was to determine the changes in density and pharmacological 

reactivity during of the ai-AR subtypes late pregnancy in the rat. To demonstrate the 

expression of ai-AR subtype mRNA, we used a reverse-transcription polymerase chain 

reaction (RT-PCR) on days 18, 20 and 22. Electric field stimulation (EFS) was applied to test 

the pharmacological reactivity of the rat uterus in late pregnancy. 

2. Another aim was to detect the role of (XIA-AR in the regulation of the contractility of 

the rat uterus in pregnancy. Because of the limitation of the animal models available for 

investigation of the pregnant uterine contractility, the aim was to develop a knock-down 

transformed animal model with which to study the role of <XIA-AR. The AONs provide an 

excellent possibility for such studies. 

The efficiency of CCIA-AR antisense inhibition was indicated by a radioligand receptor 

binding assay and Western blot analysis. EFS was applied to test the pharmacological 

reactivity of the post partum isolated rat uterus. 

3. A third goal of this study was to investigate the changes in mRNA of the ai-AR 

subtypes in the human term and non pregnant uterus by RT-PCR. 
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METHODS 

Animal investigations were carried out with the approval of the Ethical Committee for 

Animal Research, University of Szeged (registration number: 1-74-8/2002). Experimentation 

on human uterus was approved by the Ethics Committee of the University of Szeged (No.: 

909/1998). 

Mating of the animals 

Mature female (180-200 g) and male (240-260 g) Sprague-Dawley rats were mated in 

a special mating cage. A metal door, which was 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 possibility of 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. 

RT-PCR studies 

Tissue isolation - Rat uterus samples 

Female Sprague-Dawley rats (250-300 g) were anesthetized with sodium pentobarbital 

(1 g/kg i.p.). Uterus tissues from nonpregnant animals on gestational days 18,20, and 22 were 

rapidly removed and dissected in ice-cold saline (0.9% NaCl) containing 2 units/ml of 

recombinant ribonuclease inhibitor (Promega, U.K.) The tissues were frozen in liquid 

nitrogen and then stored at -70 °C until the extraction of total RNA. 



Human uterus samples 

Uterus samples were purchased from the Department of Obstetrics and Gynecology, 

University of Szeged. Nonpregnant human uteri were removed from patients (age: 22-41; 

n=16) with myoma corpus uteri. In our investigations, uterus strips were cut from the fundus 

to the cervix and divided into eight parts of equal size for RT-PCR studies. 

The pregnant human uterus samples were from women (age: 22-36; n=12) undergoing 

cesarean section (cervix transversal elective) under regional anesthesia. The causes of 

operation were glaucoma, myoma uteri, weak labor or breech presentation. 

The removed uterus tissues were dissected in ice-cold saline containing 2 units/ml of 

recombinant ribonuclease inhibitor (Promega, U.K.) The tissues were frozen in liquid 

nitrogen and then stored at -70 °C until the extraction of total RNA. 

Total RNA preparation. Total cellular RNA was isolated by extraction with 

guanidinium thiocyanate-acid-phenol-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. 

RT-PCR. The RNA (0.5 pg) was denatured 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) and 20 pM oligo(dT) (Hybaid, U.K.) in 50 mM Tris-HCl, pH 8.3, 75 mM KC1 and 

5mM MgCfe in a final reaction volume of 19 pi. After the mixture was 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. 

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 rat and human primer 
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sequences of the cq-AR subtypes were reported from Scofield et al. (1995), and Ricci et al. 

(1999), respectively (Table 1). 

Rat Human 

(XIA-AR 5 '-GTAGCCAAGAGAG AAAGCCG-3' 5'-ACTACATCGTCAACCTGGCG-3' (XIA-AR 

5'-CAACCCACCACGATGCCCAG-3' 5 '-TG ATCTGGC AG ATGGTCTCG-3' 

ais-AR 5'- GCTCCTTCTACATCCCGCTCG-3' 5'- TCGGTGGCCTGCAACCGGCACCTG-3' ais-AR 

5'-AGGGGAGCCAACATAAGATGA-3' 5'-ATGCCCAAGGTTTTGGCTGCTTTC TT-3' 

aio-AR 5'-CGTGTGCTCCTTCTACCTACC-3' 5 '-GTGGTGAGTGCTCAGGGCGTG-3' aio-AR 

5'-GCACAGGACGAAGACACCCAC 5'-GATGACCGCCATGGGCAGGT-3' 

Table 1. Primers used in the amplification of the mRNA of ai-AR subtypes 

A rat GAPDH probe was used as an internal control in all samples (Tso et al., 1985; 

Engelhardt et al., 2000). 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 94 °C, 1 min annealing at 54 °C (rat 

OCIB- and OCID-ARS), 50 °C (rat OCIA-ARS) or 2 min at 60 °C (human A I - A R subtypes) and 72 

°C for 2 min. After the last cycle, incubation was continued for 10 min at 72 °C, followed by 

lowering of the temperature to 4 °C. a-32P-dCTP (1 pCi) was added to the above reaction 

mixture to quantify the amplified product. PCR products were used immediately or stored at 

-70 °C. The PCR products were electrophoresed in 2% agarose gels, dried under vacuum, and 

placed into a Phosphorlmager™ (Molecular Dynamics, USA) exposure cassette. 

Quantification was carried out with ImageQuant™ software (Molecular Dynamics, USA). 

Synthesis of AONs 

Three AONs and controls were synthesized on an Expedite 8909 synthesizer (Perkin-



14 

Elmer Biosystems Inc., Norwalk, CT), by Sándor Botka in the Institute of Plant Biology, 

Biological Research Center, Hungarian Academy of Sciences. The structures of the AONs 

used in the experiments are listed in Table 2. 

Target region / Type Sequence Tm(°Q 

Antisense deoxyoligpnudeotides 

214-233 / 5'-UTR 5 'A^sAgGTjCsACsAAGGAjAAGAAG,CJSG-3 ' 50,0 

480499 / START S'-AsCsGAsTGTsCGCsGGAAAGsTCsAsT-S' 55,7 

1834-1853 / CDR 5'-T^sTGCSAGT^JAGGGQTAGA^jsG-3' 55,0 

Control deoxyoligonucleotides 

/ random S-TsGsAAsGGCsGAQGAGsAAGGT^GsT-d' 568 

/ random 5 '-A s 1 sCG rsCAATsACsTATsCAATjCjG-3 ' 43,8 

214-233 / scrambled S'-GsAsGAGAAsAGGAGsCsGAGAsCsAsT-G' 49,8 

480499 / scrambled 5-AsGsCAATsGGCsAGGATsAQG(^TsT-3' 55,7 

214-233 / mismatched S'-GSASGTSCSACSAAGASGAAGAAGSGSG-S' 47,4 

480499 / mismatched S'-ASGSGASTGTSCGG^GAAAGSTCSAST-S' 55,7 

Table 2. Oligodeoxynucleotides. Melting temperature calculated according to the nearest 

neighbor method at 50 mM salt concentration (Breslauer et al., 1986) with a fully 

complementary opposite strand and disregarding the destabilization effect of 

phosphorothioate substiutents. Subscript "s" the base sequence denotes a phosphorothioate 

linkage. 

Treatment of animals with AONs 

The AONs were mixed with DOTAP (N-[l-(2,3-dioleoyloxy)propyl]-N,N,N-



trimethylammonium methylsulfate; Roche Molecular Biochemicals, Boehringer-Mannheim, 

Germany) and 20% F127 pluronic gel (Sigma-Aldrich, Hungary). The solution was 

maintained in liquid form at 4 °C before injection. Post-partum Sprague-Dawley rats (91 rats 

with weights in the range 180-200 g) under urethane anesthesia (1 g/kg, i.p.) were treated with 

AONs 2-3 h after labor. An incision was made in the lower abdomen and AON solution was 

injected from prechilled syringes into the luminal space of each uterine hom. Each AON 

sample was administered in two steps at two discrete locations along the length of the hom. 

The incision was then closed, and the animals were returned to' their cages. Uteri were used 

for further investigation 24 h after delivery. 

Membrane preparation after treatment with AONs 

The uteri were removed and homogenized in 20 volumes (w/v) of ice-cold buffer (10 

mM Tris-HCl, 1 mM EDTA, 0.6 mM MgCl2, 0.25 M sucrose, pH 7.4) with an Ultra Turret 

T25 (Janke & Kunkel, Germany) homogenizer and the suspension was then filtered on four 

layers of gauze and centrifuged (40,000 g, 4 °C, 20 min). After centrifugation, the pellet was 

resuspended in a 5-fold volume of buffer. The membranes were stored at -70 °C. For Western 

blot assay, the resulting pellet was resuspended in lysate buffer (50 mM Tris-HCl, pH 8.0, 

0.5% deoxycholate, 1% Triton X-100, 0.1% SDS, 1% phenylmethylsulfonyl fluoride, 1 

mg/ml aprotinin) and stored at -70 °C. Protein concentration was determined by the method of 

Bradford (1976). 

Radioreceptor binding assays 

The frozen AON-pretreated membranes were thawed at room temperature. Radioligand-

binding experiments were carried out on membrane preparations of rat uterus in 50 mM Tris-

HCl buffer (pH 7.4) containing 3 mM MgCl2 and 1 mM ascorbic acid in a final volume of 300 



pi. The concentration of tritiated prazosine in saturation experiments was varied between 0.1 

and 2.5 nM. The reaction mixture contained 100 pi of [3H]prazosine (NEN, U.K), 100 pi of 

membrane preparation and 100 pi of 10"5 M unlabeled phentolamine (Sigma-Aldrich, 

Hungary) for nonspecific binding, or 100 pi of buffer for total binding. The concentration of 

tritiated prazosine was 1.5 nM in displacement studies. The concentrations of unlabeled 

ligand (prazosine, WB4101) were varied in the range 10'5 to 10"12 M. Incubations began with 

the addition of the membrane suspension and continued in a shaking water-bath until a steady 

state was achieved (30 °C, 30 min). The reaction was terminated by rapid filtration on a 

Brandel M24R cell harvester (Biomedical Research and Development Laboratories, Inc., 

USA) through Whatman GF/C filters, and the residue was washed with three applications of 5 

ml of ice-cold Tris-HCl buffer, pH 7.4. The bound radioactivity was determined in a HighSafe 

(Wallac Oy, Finland) scintillation cocktail in a Wallac 1409 liquid scintillation counter 

(Wallac Oy). The total binding was defined as that measured in the absence of a competing 

agent. Nonspecific binding was determined in the presence of 10 pM unlabeled phentolamine 

and was about 15% of the total binding. All assays were carried out at least three times in 

duplicate, and values are given as means ± SEM. The binding capacities were analyzed with 

the computer program Prism 2.01 (GraphPad Software, USA) with a nonlinear least squares 

fitting algorithm. Statistical analyses were performed with the Newman-Keuls test to assay 

significant differences in AON-treated uteri. 

Western blot assay 

20-30 pg of protein per well was subjected to electrophoresis on 12.5% sodium 

dodecylsulfate polyacrylamide gels in Series Standard Dual Cooled Units (BioRad, Hungary). 

Proteins were transferred from gels to nitrocellulose membranes (Scheicher and Schuell, 

Germany), using a semidry blotting technique (BioRad, Hungary). The membranes were 
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blocked with phosphate-buffered saline (PBS), pH 7.4, containing 1% non-fat dry milk, 0.1% 

Tween 20 and 1% polyvinylpyrrolidone (PVP) overnight at 4 °C. After washing, the blots 

were incubated for 1 to 3 h at room temperature on a shaker with anti-aiA-AR, ajs-AR, CCID-

AR polyclonal antibody (RDI, USA; diluted 1:400) in PBS with 1% nonfat dry milk, 0.1% 

Tween 20 and 1% PVP. The blots were washed and incubated with 1:1000 peroxidase-

conjugated goat anti-rabbit IgG (Sigma-Aldrich, Hungary) in PBS with 0.1% Tween 20. The 

antibody binding was detected with an enhanced chemiluminescence detection system 

(Amersham, UK.) and exposed on Kodak X-Omat film (Sigma-Aldrich, Hungary). Anti-P-

actin monoclonal antibody (Sigma-Aldrich, Hungary) was used as a control. 

EFS 

The AON-pretreated and nontreated uteri were removed from rats 24 h after delivery on 

day 18, 20 or 22 of pregnancy. Muscle rings 0.5 cm long were sliced from the uterine homs 

and mounted vertically between two platinum electrodes in an organ bath containing 10 ml de 

Jongh solution (in mM: 137 NaCl, 3 KC1, 1 CaCl2, 1 MgCl2, 12 NaHC03, 4 NaH2P04, 6 

glucose, pH: 7.4). The organ bath was maintained at 37 °C and carbogen (95% 0 2 / 5% C02) 

was bubbled through it. After mounting, the rings were equilibrated for about 1 h before 

experiments were undertaken, with a solution change every 15 min. The initial tension was set 

to about 1.25 g, which was relaxed to about 0.5 g at the end of equilibration. Maximum 

rhythmic contractions were elicited on pregnant and postpartum uteri by a digital, 

programmable stimulator (ST-02, Experimetria Ltd., Hungary), using earlier defined values of 

pulse width and period time (Gáspár et al., 2001) and square pulses with a duration of 200 ms 

every 60 s, at 40 V, respectively. The applied pulse widths (PWs) and period times (PERs) 

were published earlier. The tension of the myometrial rings was measured with a gauge 

transducer (SG-02, Experimetria Ltd.) and recorded with an ISOSYS Data Acquisition 
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System (Experimetria Ltd.). Noncumulative concentration curves obtained in response to the 

selective <xiA-antagonist 5-methylurapidil, WB 4101 (RBI, USA), the selective aie-antagonist 

cyclazosine (RBI, USA), the selective am-antagonist BMY 7378 (RBI, USA) and the p2-

agonist terbutaline were constructed in each experiment. Concentration-response curves were 

fitted and areas under curves (AUCs) were evaluated and analyzed statistically with the Prism 

2.01 (GraphPad Software, USA) computer program. For statistical evaluations, data were 

analyzed by the ANOVA Neuman-Keuls test. 
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RESULTS 

ai-AR subtype mRNA expression and pharmacological reactivity in the late pregnant 

rat uterus 

The expression of cxia-AR mRNA increased from day 18 to 22 of pregnancy in rats 

(Fig. 3a), while aie-AR mRNA expression was not detectable by RT-PCR analysis. The 

expression of aio-AR mRNA was highest on day 20 and decreased by 22 day (Fig. 3b). 
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Fig. 3. Changes in expression of uterine ccia- (a) and aio-AR. mRNA in the late-pregnant rat 

(*p<0.05, **p<0.01, ***p<0.001). 

The EFS-induced contraction on days 18, 20 and 22 of pregnancy was inhibited 

concentration-dependently by the selective aiA-antagonist 5-methylurapidil (5-MU) (Fig. 4a). 

In the measured concentration range, the selective aie-antagonist cyclazosine had no 

significant action; only its highest doses displayed weak inhibitory effects on stimulated 

contractions (Fig. 4b). The ocio-antagonist BMY 7378 inhibited the contraction in a dose-

dependent manner (Fig. 4c). 
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contractions (Fig. 4b). The cxio-antagonist BMY 7378 inhibited the contraction in a dose-

dependent manner (Fig. 4c). 
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Fig. 4. Inhibitory effects of the aiA-ant agonist 5-MU (a), the aie-antagonist cyclazosine (b) 
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and the a ¡o-ant agonist BMY 7378 (c) on EFS-induced contractions on different days of 

pregnancy in the isolated rat myometrium. 

The EC50 was established from the dose-dependent curves. The C X I A - A R antagonist 5-

MU had EC50 values of 6.3xl0"6 M, 2.9xl0"6 M and 1.9xl0"6 M on days 18, 20 and 22, 

respectively (Fig. 5a), while the EC50 of the A I D - A R antagonist BMY 7378 was 1.09xl0"5 M, 

4 x 10"6 M and 3.6 x 10"5 M on days 18, 20 and 22, respectively (Fig. 5b). 
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Fig. 5. Changes in EC50 of the au-antagonist 5-MU (a) and the a¡o-antagonist BMY 7378 

(b) on different days of pregnancy in vitro (ns=not significant, **p<0.01, ***p<0.001). 
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A strong correlation was found between the change in ocia-AR mRNA expression and 

the EC50 values of 5-MU (r2=0.9712) (Fig. 6a) and between the change in aiD-AR mRNA 

expression and the EC50 values of BMY 7378 (r2=0.9936) (Fig. 6b). 
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Fig. 6. Correlations between the aiA-AR mRNA expression and the EC50 of the ajA-

antagonist 5-MU (a) and between the AIO-AR mRNA expression and the EC50 of the CCID-

antagonist BMY 7378 (b). 
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Use of AONs to study the role of the c x i a - A R s in the rat uterus 

The changes in receptor density caused by the AONs were investigated by 

radioreceptor binding assays 12, 24, 36 and 48 h after delivery in order to establish the 

optimum time of AON treatment. In the saturation experiments, the maximum number of aiA 

binding sites (Bmax) in the AON-treated rat uterus was determined. Of the synthesized AONs, 

480-AON reduced the C X I A - A R density in a time-dependent fashion as compared with the 

untreated group C (Bmax
 = 29.05± 1.27) and the random oligonucleotide-treated control group 

R (Bmax = 29.13± 1.12) (Fig. 7). 
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Fig. 7. Rate of density change of maximum number of ai-AR binding sites (Bmax) and 

percentage of inhibition, 12, 24, 36 and 48 h after delivery, compared with untreated (C) and 

random oligonucleotide-treated (R) control uteri. Densities were measured as Bmax values in 

saturation binding assays with [H3Jprazosine. 50 nmol of both 480-AON and the random 

oligodeoxynucleotide (R) were used, which significantly (**p<0.01, ***p<0.001 vs. control, 

ANOVA Newman-Keuls test) decreased the ai-AR density 12-48 h after delivery. (12 vs 24 p 

>0.05; 24 vs 36 p<0.001; 36 vs 48 p<0.01). 
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The most significant changes were observed 12 and 24 h after delivery (p<0.001 in 

comparison with the control). Incubation with 480-AON for 12 or 24 h caused a 58.7% or 

53.0% inhibition and the Bmax values under these conditions were 12.04 ± 0.86 and 13.69 ± 

0.42 fmol/mg, respectively. Thirty-six or 48 h after delivery, 38.8% (p<0.001) or 26.7% 

(p<0.001) inhibition was detected, and the C X I A - A R density was 17.99±0.43 and 21.40±0.51 

fmol/mg, respectively. No significant changes in receptor density were found for the other 

AONs. 

The aiA-selective W B 4 1 0 1 identified two ai-adrenergic binding sites in the nontreated 

rat uterus, with KD values of 0.011 and 15.05 nM, while in the treated animals it bound to 

only one binding site (KJ = 36.12 nM) (Fig. 8). 
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Fig. 8. The 480-AON induced change in the receptor density investigated by radioligand 

receptor binding assay. The concentration of [3HJprazosine was 1.5 nM and the 

concentration of the unlabeled ligand was varied between 10'15 and 10'12 M. The displacement 

curves demonstrate the lack of GIIA-AR subtypes in 480-AON-treated rat uteri. WB 4101 (AU-

AR subtype-selective) binds to a single class of binding sites in the 480-AQN-treated rat 
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uterus membrane preparation, while it recognizes two binding sites in the nontreated rat 

uterus preparation; the high-affinity binding site is identical with the CCIA-AR subtype. 

With the use of dose-response analysis, the effective dose of 480-AON was determined 

to be 50 nmol/200 pi (Fig 9). 

concentration (nmol/200pl) 

Fig. 9. Dose-dependent inhibition response.. The rat uteri were treated with 5, 10, 20, 50, 75 

or 90 nmol/200 pi 480-AON 2-3 h after delivery. The levels of CCJA-AR protein expression 

were normalized to the levels of fi-actin. The resulting values were plotted as percentages of 

the levels obtained from untreated samples. The error bars represent the SEM. 

In Western blot analysis, the (Xia-AR density was decreased only by 480-AON (Figs 10 

and 11). 

Representative contraction curves of control, operated control, DOTAP-treated, 480 

mAON-treated, and 480-sAQN-treated uteri display different responses to EFS (Fig. 12). 
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Fig. 10. Changes in CCIA-ARprotein expression of AON-treated, post-partum uteri (480, 1834, 

and 214-AON), illustrated by Western blot analysis, as compared with DOTAP-treated (D) 

and nontreated (C) uteri. In this analysis, the density of the CCIA-ARS was only significantly 

decreased only by 480-AON. Samples (50 pg/lane) were subjected to gel electrophoresis on 

12.5% Polyacrylamide gel. The blot was stripped and reprobed for ß-actin, and a similar 

intensity was observed in each lane. 

Fig. 11. Two different oligomer controls (480-sAON and 480-mAON) and an untreated 

control (C) were used to verify the specificity of 480-AON. The ccu-AR density was 

significantly decreased by 480-AON. (3-actin was used as a control. 

480-sAON: the AON base composition was retained, but the base sequence was mixed. 

480-mAQN: the AON base sequence contained an arbitrary change at one point. 
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e 

Fig. 12. Representative curves of control (a), operated control (b), DOTAP-treated control 

(c), and 480-AON-(d), 480-mAC)N-(e) and 480-sAON-treatedpost-partum uteri contracted by 

EFS. 

The AUCs of the uterine contractility indicated the significantly decreased contractility 

of the 480-AC)N-treated uterus as compared with those of the control, the operated control, 

the DOTAP-treated control, the 480-mAON-treated control and the 480-sAQN-treated control 
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(Fig. 13). 

0.4-1 

Fig. 13. Changes in values of AUC for the EFS-induced contractions. The differences in 

AUCs between the untreated control (C) and the operated control (O), the DOTAP-treated 

control (D), the 480-mA ON-treated control and the 480-sAON-treated control were 

statistically significant. The AUC value for the 480-AC)N-treated uterus was significantly 

different (**p<0.01) from those for the DOTAP-treated control (D), the operated control (C), 

the 480-mAON-treated control and the 480-sAON-treated control. 

There was no significant difference between the operated control (O), the DOTAP-treated 

control (D), the 480-mA ON-treated control and the 480-sAON-treated control. 

The EFS studies revealed that the specific aiA-blockers 5-MU and WB 4101 inhibited 

the rhythmic contractions by about 75% and 70% in the control uteri and by 25% and 20% in 

the 480-AON-treated uteri, respectively. The IC50 values for 5-MU and WB 4101 in the 

control uteri were 3.8 x 10"5M and 9.5 x 10"6 M, respectively. In the event of a mismatched 

sequence, inhibitions can be experienced only with high doses, while with the scrambled 

control the maximum inhibitions corresponded to the untreated control (Fig. 14a and b). 

The inhibition curves of terbutaline and BMY 7378 remained unchanged for the 48Q-AON-
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treated uteri as compared with that of the control (Fig. 14a). 
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Fig. 14. Effects of 5-MU, WB 4101, BMY7378 and terbutaline on the EFS-stimulated uterine 

contraction in the presence of 480-AON (a). Effects of 5-MU on the EFS-stimulated uterine 

contraction for the control (C), the DOTAP-treated control (D), the 480-mAON-treated 

control and the 480-sAON-treated control (b). 

The data are the averages of the results of six experiments ±S.E.M. 



30 

Changes in cp-AR subtype mRNA in the human uterus 

The presence of M R N A of all o p - A R subtypes (aiA-, GCIB- and a i o - A R ) was proved in 

the nonpregnant human uterus; an aiB- A R M R N A predominance was detected. The 

maximum of the O C I B - A R M R N A was found in the corpus of the uteri. The level of this 

receptor M R N A slowly decreased towards the fundus. The lowest expressions of ccia- and 

A M - A R M R N A were observed in the cervix, but the levels of A I A - and O C I D - A R M R N A 

continuously increased in the corpus and fundus (Fig. 15). 

a1 A -AR mRNA 

H a1 B-AR mRNA 

cervix • fundus 

Fig. 15. Changes in the mRNA of the ai-AR subtypes in the nonpregnant human uterus from 

the cervix to the fundus. The human uterus strips from the cervix to the fundus were divided 

into eight parts of equal size for the RT-PCR studies (ns= p>0.05, *p<0.05, **p<0.01, 

***p<0.001 vs .the first part of cervix, AN OVA Newman-Keuls test) 

otiA- ais- and otin-AR mRNA were detected in human uterus samples, obtained on 

caesarean section. A predominance of aio-AR mRNA was found at term in the pregnant 

human uterus (Fig. 16). 
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Fig. 16. mRNA expression of aj-AR subtypes in the pregnant human uterus. The expression of 

aio-AR mRNA was significantly larger than those of the other two subtypes (ccu-AR mRNA vs 

a,D-AR mRNA ***p<0.001; a,B-AR mRNA vs aw-AR mRNA **p<0.01; aIA-AR mRNA vs 

CC,B-AR mRNA ***p<0.001, ANOVA Newman-Keuls test). 
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DISCUSSION 

The spontaneous contractility of the uterine muscle is controlled by the a-ARs, which 

mediate uterine contraction (Valiieres et al., 1978; Hoffman et al., 1981; Rexroad et al., 

1981), and by the P-ARs, which mediate uterine relaxation (Levin et al., 1980; Tanfin-Tougui 

et al., 1981). This provides a theoretical possibility for the use of ai-AR blockers as tocolytic 

agents. 

The predominance of a-ARs has been proved at the end of pregnancy (Zupkó et al., 

1997; Gáspár et al., 1998). The number of ai-ARs undergoes a sharp increase in the last 6 h 

of pregnancy, and radioligand binding assays have shown that the number of subtype aiA-

ARs is increased by 88% at term, but limited literature data are available on the 

pharmacological reactivity of the aiA-ARS and the roles of the other ai-AR subtypes 

(Legrand et al., 1987; Limon-Boulez et al., 1997). 

We set out to determine the changes in density and pharmacological reactivity of the 

ai-AR subtypes during late pregnancy in the rat. 

Changes in mRNA expression and pharmacological reactivity of ai-AR subtypes 

By means of the RT-PCR technique, we proved that the expressions of aiA-> aiB- and 

aiD-AR mRNA undergo changes during pregnancy in the rat. We could detect no expression 

of aiB-AR mRNA in this period. The selective am-antagonist cyclazosine exerted only weak 

action in the measured concentration range, which could be explained by some nonspecific 

activity at high concentration. 



The expressions of the <XIA-ARS M R N A increased from day 18 to 22, and EFS studies 

revealed that the AIA-antagonist 5-MU exhibited a well-balanced inhibitory effect, without a 

significant decrease in efficacy or effectivity at term. 

We detected a significant increase in the expression of <XID-AR M R N A on day 20, the 

expression then decreasing to day 22. The am-antagonist BMY 7378 elicited a quite strong 

inhibitory effect, but we did not observe significant changes in efficacy and effectivity on 

days 18 and 20. At term, the inhibitory effect of BMY 7378 was significantly decreased. 

The aiA-AR antagonist 5-MU had EC50 values of 6.3xl0"6-1.9xl0"6 M, i.e. about one 

magnitude lower than those of the am-AR, antagonist BMY 7378,4xl0"6-3.6xl0"5 M. 

Our findings suggest that both <XIA- and OCID-ARS are involved in the regulation of 

pregnant uterine contractility The increase in CCIA-AR M R N A and the pharmacological 

reactivity demonstrate the important role of CCIA-AR near term. The CCIA-AR seems to play the 

major role among the ai-subtypes in the late-pregnant myometrium. 

Our studies revealed a strong correlation was between the expressions of CXIA- and (XID-

A R M R N A and the EC50 values of BMY 7378 and 5-MU. This correlation indicates that the 

syntheseis of the (XIA- and (XID-ARS are in harmony with the changes in pharmacological 

reactivity. 

We presume that the strong correlation between the receptor synthesis and pharmacological 

could be beneficial as compared with the P2-mimetics, where the process of receptor 

desensitization may decrease the effectivity of these compound (Yeagly et al., 1996; 

Engelhardt et al., 1997). The P2-adrenergic receptors in the pregnant myometrium and other 

organs are down-regulated after exposure to an agonist, leading to a decrease or complete loss 

of effectiveness of tocolytic treatment with a p2-AR agonist. A similar effect was not 

experienced in the case of ai-AR blockers, which should be a great advantage of <xi-blockers 



in tocolytic therapy. Moreover, the side-effects of a i-antagonists during pregnancy might 

possibly be moderated or even advantagenous (e.g. pregnancy-induced hypertension, 

tachycardia and arrhythmia). 

The role of (XIA-ARS in the contractility of the rat uterus on the use of AONs 

The use of polycationic lipids is currently the most efficient method of delivering the 

AONs to the cells (Galderisi et al., 1999). In vitro, cationic lipids have been demonstrated to 

increase the pharmacological activity of the AONs by increasing cellular uptake and 

facilitating nuclear accumulation (Marcusson et al., 1998). 

Three different oligomer controls were used in our experiments in order to verify the 

specificity of the AONs: (1) a random control with an arbitrarily chosen nucleotide sequence 

and composition, (2) a scrambled control with a conserved base composition and an altered 

sequence, and (3) a mismatched control, in which the base sequence was changed arbitrarily 

at a single point. Untreated and excipient-treated animals were used as controls. 

The effects of the AONs in the down-regulation of (XIA-AR were tested at two levels. 

We studied the decrease in receptor protein density via Western blot analysis and a 

radioligand binding technique and detected the changes in function at a physiological level 

with the EFS technique (Elmer et al., 1980; Taneike et al., 1999). 

In Western blot analysis, the (XIA-AR density was decreased by 480-AON as compared 

with the controls and the other synthesized AONs, which were planned at different sites in the 

<XIA-AR mRNA. 

The results of receptor-binding studies indicated that the antisense effect is most 

expressed between 12 and 24 h after delivery. The density of (XIA-ARS in the post-partum rat 

uterus reaches a plateau 24 h after delivery. The optimum duration of treatment was set at 24 
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h, thereby coinciding with the maximum effect of AONs. 

The (XIA-AR density was decreased most effectively by one ( 4 8 0 - A O N ) of the three 

synthesized OCIA-AONS. 

The (XIA-AR subtype-selective WB 4101 binds to high-affinity (<XIA-ARS) and low-

affinity binding sites in the nontreated rat uterus membrane preparation. On the other hand, in 

the 480-AON-treated rat uterus, WB 4101 recognizes only a single class of binding site, 

which has the same Ki value as the inhibition constant of the low-affinity binding site in the 

nontreated rat uterus. The lack of high-affinity binding sites relates to the <XIA-AR knock out 

effect of 480-AON. 

The results of the molecular biological studies were supported by the physiological and 

pharmacological investigations, which presented further evidence of the selectivity of 480-

A O N and proved the importance of the OCIA-ARS in the regulation of the rat uterine 

contractility. 

In the EFS studies, we used direct muscle stimulation, because a denervation process 

takes place in the rat uterus during pregnancy (Mustafa, 1988). However, the inhibition of the 

<XIA-ARS can be investigated through a blockade of the nonsynaptic receptors in the uterus 

(Gáspár et al., 1998). 

The contractilities of the treated and untreated uteri were deduced from their responses 

to stimuli. The abilities of the uteri to contract were compared via the AUCs, and basic 

conclusions were drawn as to the physiological activity of pregnant uterine contractility. The 

surgical operation reduced the average AUCs for the contractions from 0.35 to 0.25, whereas 

the antisense treatment decreased the average from 0.25 to 0.15. When the changes are 

expressed in percentages, it can be said that the surgery cáused a reduction of approximately. 

28%. However, the antisense treatment elicited a further 40% decrease in contractility. It is 

thought that urethane anesthesia is responsible for the decrease in contractility after surgery 



because the untreated controls were not involved in any type of anesthesia. The 40% decrease 

in the contractility after 4 8 0 - A O N treatment indicates that the <XIA-ARS have a significant, 

though obviously non-absolute role in the contractility. 

In pharmacological experiments, we found that the contraction-inhibitory effects of the 

specific aiA-AR competitive antagonists 5-MU (Gross et al., 1988) and WB 4101 (Michel et 

al., 1995) were significantly decreased in the 480-AON-treated uteri, but the unchanged 

effects of an am-sympatholytic (BMY 7378) and a P-mimetic (terbutaline) demonstrated that 

the AON treatment did not affect the functions of the OCID-ARS and P-ARs, suggesting the 

selectivity of 480-AON. It seems doubtful that the subtype-selective ai-blockers remain 

selective at such a high concentration (terbutaline: 2x10"7 M, BMY 7378: 3x10"4 M), but if the 

molecules lose their selectivity for the ai-AR subtypes, 5-MU (3X10"4 M) should not lose its 

effectiveness after the antisense treatment. In parallel, the inhibitory effect of BMY 7378 

should also be changed in the case of nonselective binding, because the CXIA component of its 

effect should be eliminated. Additionally, in our system the receptor affinity of WB 4101 is 

four times higher than that of 5-MU, this result coinciding with the reported data by Arias-

Montano et al. (1996), Barbieri et al., (1998) and Yamamoto and Koike, (1999).These results 

show that the difference in affinity between WB 4101 and 5-MU persists at such a high dose. 

The decreases in the. effects of 5-MU and WB 4101 in the 480-AON-treated uteri 

suggest "negative" pharmacological evidence of the significance of the inhibition of uterine 

contractility through the (XIA-ARS. 

In the light of these facts, we suppose that the (XIA-ARS have an important role in the 

contractility in the rat, though high concentrations of subtype-selective antagonists were 

required in contractility studies. However, the role of the (XID-ARS can not be excluded in the 

control of pregnant rat uterine contraction. 
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The mRNA expressions of the ai-adrenergic subtypes in the human uterus 

The RT-PCR method is especially suitable for investigation of the human uterus because 

the protein synthesis of a small quantity of tissues, can be deduced since the changes in 

mRNA level refer to the synthesis of the receptor proteins. 

The expressions of the mRNA of the ai-AR subtypes were also proved in the pregnant 

and nonpregnant human uterus, similarly as in our animal experiments. This supports the 

importance of the rat model in the investigation of new tocolytic agents. 

The expressions of <XIA- and am-AR mRNA increased significantly from the cervix to 

the fundus; moreover, a predominance of CCIB-AR mRNA was demonstrated in the 

nonpregnant human uterus. 

The expression of am-AR mRNA was higher in samples from cesarean sections than 

from the pregnant rat uterus. 

The samples come from the border zone of the active-passive parts of the human 

pregnant uterus and all three subtypes of aj-AR were determined. However, it can be stated 

that the <XI-ARs, and especially <XID-AR, play determining roles in the regulation of the 

pregnant human uterus contractility. 

On the basis of these RT-PCR experiments, well-controlled pharmacological studies 

could be recommended for investigation of the role of ai-ARs in human uterus contraction. If 

these studies present additional evidence as to the importance of ai-ARs in the human uterus, 

then these results may encourage further scientific input into the development of highly 

uterus-selective a-blockers as clinically usable tocolytics. 
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Final conclusions 

1. Our findings suggest that both aiA- and am-ARs are involved in the regulation of 

the pregnant rat uterine contractility. The <XIA-ARS seem to play the major role as regards the 

ai subtypes in the late-pregnant myometrium. 

2. We could detect no expression or pharmacological reactivity of ocm-AR mRNA in 

late pregnancy. This suggests that the role of am-AR is unimportant in the regulation of the 

uterus contraction in the late-pregnant rat. 

3. We found a strong correlation between the OCIA- and am-mRNA expressions and the 

pharmacological reactivity. We presume that this strong correlation could be beneficial as 

compared with the p2-minietics, where the process of receptor desensitization may decrease 

the effectivity of these compounds. 

4. The local use of AONs in the uterus in an attempt to clarify the role of the receptors 

which influence the uterine contractility is a new method in pharmacology. This method was 

used to develop an CCIA-AR knock-down transformed animal model, which provided 

experimental opportunities that were unavailable with the previously existing 

pharmacological methods. 

5. In our A O N studies, the role of the (XIA-ARS in uterine contractility was confirmed by 

studies of the receptor protein density via Western blot analysis and a radioligand binding 

technique, and the changes in function were detected at a physiological level with the EFS 

technique. 

6. In nonpregnant and pregnant human uteri, we detected the predominance of am-AR 

mRNA and am-AR mRNA, respectively. On the basis of mRNA synthesis, it can be 

presumed that the physiological role of ai-ARs may be of importance in pregnant human 

uterus contractility. 
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In the light of our findings, we assume the significance of aiA-ARs and aio-ARs in 

pregnant uterine contractility. We also conclude that the <XIB-ARS are probably not 

strongly involved in the main control of myometrial contraction in pregnancy. 

Further investigations are required to determine the exact roles of the ai-AR 

subtypes in the human pregnant uterus and to develop new, uterus-selective <*i-

adrenergic blockers as potent tocolytic agents. 
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